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Loi m& dau - Foreword

Cuén sach nay thudc bo gido trinh luyén thi chuong trinh quéc té€ ciia 8020 English (8020 Education)
— trung tam luyén thi trong diém IELTS - SAT - AP - IB - A-level - IGCSE va sian hoc béng du hoc. Toan
bé ndi dung duoc bién soan bai doi ngli Gido su - Tién si - Thac si t6t nghiép cac truong top dau thé
gidi, bAm sat khung chuong trinh chinh thirc, trinh bay day du ly thuyét, vi du mau, hinh minh hoa
va hé théng bai tap co |&i gidi chi tiét.

This book is part of the 8020 English international exam-prep series: complete English theory with Viet-
namese explanations, worked examples, illustrations and fully-solved practice, aligned to the official frame-
work.

Thanh tich 8020 English

9.0 IELTS cao nhat 1570 SAT cao nhat
5/5 AP — diém tuyét déi 90/100 1B Diploma
100% Gv > 8.0 IELTS / 1500 SAT CMU Tién si DH #1 Hoa Ky vé CS

Poi ngii tiéu bi€u: Thay Chau Cat Tudng (Academic Head, ThS Western Sydney, top 1% IELTS 8.5)
- TS Nguyén Anh Huy (Carnegie Mellon, cuu ky s Amazon) - TS Nguyén Phuéc Trudng (Toan, DH
Klagenfurt) - cting doi ngl giang vién SAT 1500-1600, IELTS 8.0-8.5.

Két qua hoc vién — diém thi that: IELTS 8.0-9.0 - SAT 1550 / 1570 / 1590 - AP 5/5 (Calculus BC,
Microeconomics) - IB 90/100 (Economics) - Duolingo 110 - PTE 90 - TOEFL 120. Bang vang SAT:
Khanh Bang 1510 - Thado Nguyén 1520 - Tam Anh 1530.

“Cubi cung dd ddu vao trudng top nhu’ mong muén.” — Phan Thi Thanh Hdng, IELTS Overall 8.5.

Cach dung sach hiéu qua: moi Unit gém (1) Ly thuyét trong tam tiéng Anh kém giai thich tiéng Viét;
(2) Vi du mau c6 16 giai; (3) Hé thong bai tap kém 16 giai chi tiét. Hay tu 1am bai trudc khi xem 16
giai dé dat hiéu qua téi da.
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Data used throughout this book (Cambridge IGCSE Physics 0625 data-sheet values): gravita-
tional field strength / free-fall acceleration ¢ = 10 N/kg (i.e. 10 m/sz); speed of light in vacuum
¢ = 3.0 x 108 m/s; speed of sound in air ~ 340 m/s; density of water = 1000 kg/m?; specific
heat capacity of water = 4200J/(kg°C). Content marked (Supplement) goes beyond Core
level and is examined only on the Extended papers — Core-level readers may treat these as
enrichment.
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CAMBRIDGE IGCSE « Unit 1

Motion, Forces and Energy

Muc tiéu Unit: Dai luong vat ly & do ludng (chiéu dai, thai gian, thé tich, chir s6 c6 nghia); chuyén
dong (d6 thi quang dudng-thdi gian, van tdc-thai gian, phuong trinh chuyén dong thang bién doi déu
- Supplement, roi tu do & van toc gidi han); khoi lwgng, trong luong, khéi lugng riéng; lwc va hiéu ing
cla luc, cdng vector luc, ba dinh luat Newton, dinh luat Hooke, chuyén dong tron (Supplement), mo-
men luc & nguyén ly can bang, trong tam & dd 6n dinh; déng luong (Supplement); cdng, nang lvong,
codng suat, hiéu suat, ngudn ning luong, so do Sankey; ap suat trong chat rin & chat I6ng.

1.1 Physical Quantities and Measurement

Physics measurements combine a number and a unit. The base Sl units used throughout this book
are: length in metres (m), mass in kilograms (kg), time in seconds (s), and (from Chapter 4) elec-
tric current in amperes (A) and temperature in kelvin (K, Chapter 2). Scalars have magnitude only
(distance, speed, mass, energy, temperature, pressure, work, power); vectors have magnitude and
direction (displacement, velocity, acceleration, force, momentum, weight). Two vector quantities of
the same type can only be combined correctly if their directions are taken into account — this is the
key difference between scalar and vector arithmetic, explored fully in Section 1.4.

Sl prefixes: nano (n) = 10~?; micro (1) = 10=%; milli (m) = 10~3; centi (c) = 10~2; kilo (k) = 103;
mega (M) = 106; giga (G) = 10°. E.g. 1km = 1000m, 1 mm = 0.001m, 1cm® = 1 x 10~ m? (be
careful: volume conversions cube the length-conversion factor).

Measuring length: a metre rule reads to the nearest mm; a vernier caliper reads to 0.1 mm
(0.01 cm) and is used for the external/internal size of small objects; a micrometer screw gauge reads
to 0.01 mm and is used for very small diameters (e.g. wire thickness). Measuring time: a stopwatch
(reaction-time error typically +0.2s to +0.5s); for short/repeated intervals, timing multiple oscilla-
tions (e.g. 20 swings of a pendulum) and dividing by the number of oscillations reduces the percent-
age error caused by human reaction time. Measuring volume: a regular solid’s volume is calculated
from its measured dimensions (e.g. a cuboid: V' = [ x w x h); an irregular solid’s volume is found by
the displacement method — the rise in level when it is fully submerged in a measuring cylinder of
liquid equals its volume.

Derived units are combinations of base units: speed = distance/time has units m/s; density =
mass/volume has units kg/m?; force = mass x acceleration has units kg - m/s?, given the special
name newton (N). Precision and significant figures: every measurement is only as precise as the
least precise instrument or reading used to obtain it — a calculated answer should never be quoted
to more significant figures than the least precise piece of data used in the calculation (e.g. if a length
is measured to 2 significant figures, an area or volume calculated from it should also be quoted to
about 2 significant figures, not to the 8 digits shown on a calculator display).

Main scale (mm)

0 2 4 LLEIIITI1ITg 10

Vernier scale (10 divisions over 9 mm)
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A vernier caliper’s sliding scale has 10 divisions spanning 9 mm of the main scale, so each vernier division is 0.1 mm
smaller than a main-scale division — the vernier division that lines up exactly with a main-scale mark gives the second
decimal place (in mm) of the reading.

Vi du 1 - Reading a vernier caliper and a micrometer

(a) A vernier caliper’s main scale reads 23 mm just before the 0 of the vernier scale, and the 4th
vernier division lines up exactly with a main-scale mark. Find the reading.

(b) A micrometer screw gauge'’s main (sleeve) scale reads 5.5 mm and the thimble scale reads
27 divisions, where each thimble division = 0.01 mm. Find the reading.

(a) Vernier reading = 23 mm + (4 x 0.1 mm) = 23.0 + 0.4 = 23.4 mm.
(b) Micrometer reading = 5.5 + (27 x 0.01) = 5.5 4+ 0.27 = 5.77 mm.

GIAI THICH TIENG VIET

hudéc cap (vernier caliper) doc chinh xac téi 0.1 mm: doc vach chinh ngay truéc vach 0 cta
du xich, sau dé tim vach du xich trung khit v&i mét vach trén thudc chinh dé |ay chir s6 thap
phan. Panme (micrometer) doc chinh xac t&i 0.01 mm: cong s6 doc trén thang éng (mm) vai
s6 doc trén thang tron nhan 0.01 mm. V&i thé tich vat ran khéng déu, dung phuong phap do
thé tich chat I6ng bi chiém ché: nhiing chim vat vao éng dong, do dang muc nuéc chinh 13 thé
tich vat. Don vi dan xuat (nhu m/s, kg/m®, N) duoc tao tir cac don vi co ban; két qua tinh toan
khoéng nén viét nhiéu chir s6 cé nghia hon s6 liéu do ban dau.

1.1.1 Experimental Uncertainty and Good Practice

Khai niém cét 16i

Every measurement carries some uncertainty. A systematic error shifts every reading by the
same amount, in the same direction (e.g. a ruler with a worn end, a top-pan balance that is not
zeroed correctly, or consistently reading a scale from the same wrong angle) — repeating the
measurement and averaging does not reduce a systematic error, because every repeat is shifted
by the same fixed amount; it can only be removed by correcting the instrument or method (e.g.
re-zeroing the balance, or subtracting a known zero-error). A random error causes readings
to scatter unpredictably above and below the true value (e.g. the observer’s varying reaction
time when starting/stopping a stopwatch, or slightly different by-eye judgements of a needle
position) — taking repeat readings and calculating a mean reduces the effect of random error
on the final result, because the scatter tends to average out.

Choosing an instrument of appropriate precision: always select the measuring instrument whose
precision matches the size of the quantity being measured — a vernier caliper or micrometer (Sec-
tion 1.1) is far more appropriate than a metre rule for the diameter of a wire or small ball bearing.
Avoiding parallax error: when reading the position of a pointer against a scale (e.g. a ruler, a balance
needle, or the meniscus of a liquid in a measuring cylinder), the eye must be positioned exactly in line
with the pointer and perpendicular to the scale — otherwise the reading appears to shift depending
on the viewing angle (parallax error, a systematic error if the observer always views from the same
wrong angle). Using a set-square held upright against the ruler, or a fiducial marker (a fixed pointer
or pin placed exactly at the object’s edge) held at eye level, forces the eye into the correct line of
sight and removes this error.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 9
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absolute uncertainty

.. . . measured value . .
ment (e.g. timing n identical oscillations and dividing by n to get the period of one oscilla-

tion), the same fixed absolute timing uncertainty becomes a much smaller percentage of the
(larger) total time, so dividing by a large n reduces the percentage uncertainty in the final single-
oscillation value.

Percentage uncertainty = x 100%. For a repeated or divided measure-

Vi du mau - Timing a pendulum for greater precision

A student uses a stopwatch with a reaction-time uncertainty of +0.3 s on any single stopped
reading. She first times one swing of a pendulum directly, obtaining 1.8 s; she then times 25
complete swings together, obtaining a total of 45.0s. For each method, find the period of one
swing and the percentage uncertainty in that period, and compare.

.. . . 0.3
Timing 1 swing: T' = 1.8 s. Percentage uncertainty = 18 x 100% = 16.7%.

45.
Timing 25 swings: T = 25—50 = 1.80s (the same period, as expected). The same +0.3s

reaction-time uncertainty now applies to the total time of 45.0s, so the uncertainty in the

.. . . . . . 012
period itself is only ? = 1+0.012s, giving a percentage uncertainty of 010 5 x 100% = 0.67%.

Timing many oscillations together reduces the percentage uncertainty from about 17% to un-
der 1%, without needing a more precise stopwatch.

GIAI THICH TIENG VIET

mE'ai s6 hé thong (systematic error) [am moi lan do léch cung mét lugng, cing mot huéng (vi du
can chua chinh vé 0) — 14y trung binh khéng khic phuc duoc, phai hiéu chinh dung cu/phuong
phap. Sai s6 ngau nhién (random error) ldm cac lan do dao déng ngiu nhién quanh gia tri that
(vi du thoi gian phan xa khi bAm déng ho) — do I3p lai nhiéu lan r6i 1ay trung binh sé giam anh
huéng cua sai s6 ngau nhién. Can chon dung cu do c6 dé chinh xac phu hop véi dai lwvgng can
do, va dung é-ke hodc vat danh dau cé dinh (fiducial marker) dat ngang tam mat dé tranh sai s&
thi sai (parallax) khi doc thuéc hodc muc chat 16ng. Khi do thdi gian mot dao déng ngan (nhu
con l3c don), nén do téng thai gian ctia nhiéu dao dong (vi du 20-25 dao déng) roi chia cho s6
dao dong — sai s6 tuyét déi cua déng hé bam gid khéng déi, nhung khi chia cho sé dao dong
I&n thi sai s6 phan tram cua chu ky gidm di rat nhiéu.

1.2 Motion

Khai niém cét 16i

distance o . . . .

Speed = “eme (ascalar). Velocity is speed in a stated direction (a vector) — average velocity
displacement .. . — e

= |p— Acceleration is the rate of change of velocity: a = %, where v is initial

time
velocity and v is final velocity. A negative value of a (when v < u) represents deceleration.

On a distance-time graph, the gradient is speed (a horizontal line means the object is at rest,
and a curved line means the speed is changing). On a speed-time graph, the gradient is acceleration
and the area under the graph is the distance travelled; a horizontal line means constant speed (zero
acceleration), and a straight sloped line means uniform (constant) acceleration.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 10



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

. GIAI THICH TIENG VIET

Toc do = quang duong / thai gian (dai lugng vo hudng). Van toc |a téc do theo mot hudng xac
dinh (dai lugng c6 huéng). Trén d6 thi quang dudng-thai gian, dé doc chinh |a téc d6; trén do
thi van téc-thai gian, d6é doc la gia téc va dién tich duéi d6 thi 13 quang duong di dugc. Gia
toc am (khi v < ) nghia la vat dang giam toc.

o (m)
15 ¢
10
5 |
: : 1 ‘ t(s)
2 4 6 8 10

A distance-time graph: a constant non-zero gradient means constant speed (here 2 m/s for 0-3 s); a zero gradient (flat
section, 3-6 s) means the object is at rest; the steeper straight-line gradient from 6-10s (3 m/s) means a greater constant
speed. A curved distance-time graph (not shown here) would indicate a continuously changing speed, i.e. acceleration.

v (m/s)
Y A terminal velocity
6 |
4|
9 |
: : : : : £ (s)
1 2 3 4 ) 6

A falling object accelerates fastest at first (weight > air resistance); as speed grows, air resistance grows too, so
acceleration falls to zero once air resistance = weight — the object then falls at constant terminal velocity.

(Supplement) For uniform acceleration: v = u + at, s = (u—2|—v) t, s = ut+ zat?, v =

u? 4 2as. Each links only four of the five quantities (s, u, v, a, t) — identify the three you know
and the one you want, then pick the equation that omits the fifth.

Equation Use when ... Missing quantity
v=u+at you know u,a,t and want v (no s
distance given)
s = (U;U)t you know u, v,t and want s (noac- a
celeration given)
s = ut + 3at? you know u, a,t and want s (final v
velocity not given)
v? = u® + 2as you know u, a, s and want v, with ¢

no time given

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 11
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(Supplement) Choosing the correct SUVAT equation: identify which of the five quantities (s, u, v, a, t) is not mentioned
in the question, and use the one equation that omits it.

Vi du 2 - Uniform acceleration from rest

A cyclist accelerates uniformly from rest to 8.0m/s in 4.0s. Find the acceleration and the

distance covered.

Qo VTl 8.0—0 _20m/? s (u+v)t: 0+ 8.0
t 4.0 2 2

Vi du 3 - Free fall

A stone is dropped from rest and falls for 3.0 s before hitting the ground (ignore air resistance,
g=10 m/s2). Find its speed and the distance fallen.

v=u+at =0+ (10)(3.0) = 30m/s. s = Sat®> = 1(10)(3.0)2 = 45m.

(4.0) = 16 m.

(') L6i thuong gip: In the absence of air resistance, all objects — regardless of mass — fall with

the same acceleration g: a heavier object has more weight (more force), but also proportionally

more mass (more inertia to accelerate), and a = — = mg _ g cancels the mass entirely. The
m m

common belief that "heavier objects fall faster” only appears true in air, because air resistance
affects light, low-density objects (e.g. a feather or a sheet of paper) proportionally far more
than dense, heavy ones — it is not a fundamental property of free fall itself.

(1) L6i thuwong gap: A horizontal line on a speed-time graph means constant speed (zero ac-
celeration) — it does not mean the object is at rest. Only a horizontal line on a distance-time
graph means the object is stationary. Also, a straight (non-horizontal) line on a distance-time
graph means constant speed, not constant acceleration — constant acceleration gives a curved
distance-time graph.

1.3 Mass, Weight and Density

Mass (m, kg) is the amount of matter in an object, measured with a balance — it is the same every-
where in the universe. Weight (17, N) is the force of gravity on that mass: W = mg, where g is the
gravitational field strength, measured with a spring balance (newtonmeter). Weight changes with
location (e.g. gmoon ~ 1.6 N/kg, about one-sixth of Earth’s) even though mass does not.

m
—

Density: p = units kg/m? or g/cm?; 1g/cm® = 1000 kg/m?). An object floats in a fluid

of greater density and sinks in a fluid of lower density than itself; a floating object displaces a
weight of fluid equal to its own weight. Two immiscible liquids of different density settle into
layers with the denser liquid at the bottom.
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Material Density (g/cm?3) Density (kg/m?3)
Air (at sea level) 0.0012 1.2

Ice 0.92 920

Water 1.0 1000

Aluminium 2.7 2700

Steel (iron) 7.9 7900

Lead 11.3 11300

Gold 19.3 19300

Typical densities of common materials. Any object denser than the fluid surrounding it sinks in that fluid; anything less
dense floats — this is why ice (0.92 g/cm?®) floats in water (1.0 g/cm?), and why a steel ship floats when shaped into a
hollow hull, despite steel itself being far denser than water.

Vi du 4 - Density of a regular solid

A metal block has mass 540 g and volume 200 cm®. Find its density.
m 540

o 2E 3 _ 3
v = 200 2.7g/cm® = 2700 kg/m>.

Vi du 5 - Density of an irregular solid by displacement

A stone of mass 158 g is lowered into a measuring cylinder containing 60 cm® of water; the
water level rises to 80cm®. Find the stone’s density, and state whether it would float in a
liquid of density 2.5g/cmq.

1
Volume of stone = 80 — 60 = 20cm3. p = 55 =79 g/cmd.

Since 7.9 > 2.5 g/cm3, the stone is denser than the liquid, so it would sink.

Vi du 6 - Weight on Earth and the Moon

An astronaut has mass 70kg. Find her weight on Earth (3 = 10N/kg) and on the Moon
(g = 1.6 N/kg).

Earth: W = mg = (70)(10) = 700N. Moon: W = (70)(1.6) = 112N — her mass is un-
changed.

(1) Loi thueng gap: Do not confuse mass (kg, the amount of matter in an object, unaffected
by location, measured with a balance) with weight (N, the force of gravity acting on that mass,
W = myg, which does change with location, measured with a spring balance). Colloquial
phrases like "how heavy” or "how much does it weigh” refer to weight, but everyday scales
at home are calibrated to display mass in kg (assuming g on Earth) — physics answers must
keep the two quantities, and their units (kg vs N), strictly separate.

GIAI THICH TIENG VIET

h6i lugng khong dai & moi noi, nhung trong lugng W = mg phu thudc vao cudng do trudng
hap dan ¢ tai vi tri d6 — vi vdy mét phi hanh gia c6 cung khéi lwgng trén M3t Tring nhung
trong lugng chi bang khoang 1/6 so vai trén Trai Dat. Khéi lugng riéng p = m/V quyét dinh
vat néi hay chim khi so v&i chat 1dng xung quanh; véi vat ran khéng déu, thé tich duoc do bang
phuong phap chiém ché chat Idng. Can phan biét ré rang khéi lugng (kg, khéng déi) va trong
lwong (N, phu thudc vi tri) — day 13 16i rat phé bién cua hoc sinh.
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1.4 Forces, Newton's Laws and Hooke's Law

A resultant force acting on an object can change its speed, change its direction of motion, and/or
change its shape (stretch, compress, bend, or twist it) — often several of these together. Friction is
a contact force that opposes relative sliding between two touching surfaces; air resistance (drag) is
a similar opposing force exerted by air (or any fluid) on an object moving through it, and it increases
as speed increases. Both friction and air resistance transfer kinetic energy to thermal energy (and
sometimes sound), and both always act in the direction opposing the (relative) motion or attempted
motion.

1st law: an object stays at rest or moves at constant velocity unless a resultant (net) force acts
on it. 2nd law: F' = ma (resultant force = mass x acceleration). 3rd law: if A exerts a force
on B, B exerts an equal and opposite force on A, acting on different objects (so the pair never
cancels each other out for a single object).

f (friction) «—————» F

\ 4
W =mg
Free-body diagram of a block pulled across a rough horizontal surface: normal force N, weight W, applied force F, and
friction f opposing relative sliding. If ' > f the block accelerates; if F' = f it moves at constant velocity (1st law) or
stays at rest.

Vidu 7 - Newton’s second law

A resultant force of 15 N acts on a 3.0 kg trolley. Find its acceleration.
F 15

— = _—=5.0m/s?

m 3.0 /

Hooke’s law: the extension of a spring is proportional to the applied force, I’ = kz, up to the limit
of proportionality, where k is the spring constant (units N/m). Beyond this limit, the spring extends
more per newton of force and may not return to its original length when the force is removed (it has
been permanently, or plastically, deformed, rather than elastically deformed).

force F (N)
8 1

6,,

1 1 1 - extension z (cm)

2 4 6 8 10

Force-extension graph for a spring: a straight line through the origin (extension « force) up to the limit of
proportionality, then a curve of decreasing gradient beyond it.
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ENGLISH

Vi du 8 - Hooke's law

A spring with spring constant £k = 50 N/m is stretched by a force of 10 N, within its limit of
proportionality. Find the extension.

F 10

—=—=0.20m=20cm.

kE 50

(1) L6i thuwong gap: Newton’s third law pairs act on two different objects and are always the
same type of force (e.g. both gravitational, or both contact/normal forces) — they can never
be used to explain why a single object is in equilibrium. A table pushing up on a book (normal
force) and the book’s weight pulling it down are not a Newton’s-third-law pair (different objects
would be required, e.g. Earth pulling the book down and book pulling Earth up); they merely
happen to be equal in size because the book is in equilibrium.

- GIAI THICH TIENG VIET
Dinh luat 1 Newton: vat gilr nguyén trang thai (dirng yén hodc chuyén déng thang déu) khi luc
hop bang 0 (cac luc can bang), khéng phai 1a khéng cé luc ndo tac dung. Dinh luat 2: F = ma
ap dung cho luc hgp. Dinh luat 3: cap luc ludn tac dung 1én hai vat khac nhau nén khong triét
tiéu nhau — dé nham véi hai luc can bang tac dung [én cing mét vat (vi du: phan luc va trong
luc ctia mdt cudn sach trén ban, d6 KHONG phai cip luc dinh luat 3). Ma sat va luc can khong
khi luén nguoc chiéu chuyén dong va chuyén héa déng nang thanh nhiét.

1.4.1 Stopping Distances: Thinking Distance and Braking Distance

Khai niém cét 16i

The distance a vehicle travels before it comes to a complete stop after the driver first notices
a hazard is the stopping distance: stopping distance = thinking distance + braking distance.
Thinking distance is the distance travelled at the vehicle’s original (constant) speed during
the driver’s reaction time — the interval between seeing the hazard and physically applying
the brakes, during which no deceleration has yet occurred. Braking distance is the distance
travelled once the brakes are applied, while the vehicle decelerates to rest.

Thinking distance di,i = v X treaction — directly proportional to speed v for a fixed reaction
time, so doubling the speed doubles the thinking distance. Braking distance follows from the
work-energy principle (Fj e dprae = 5mv? for aroughly constant braking force, 0 dj, e o v?)
— doubling the speed quadruples the braking distance for the same braking force.

Factors that increase thinking distance (increase reaction time): tiredness, alcohol or drugs, ill-
ness, and distractions such as using a mobile phone. Factors that increase braking distance at a
given speed: a wet, icy, or loose road surface (reduces friction/grip between tyres and road); worn
tyres or worn brakes; a larger vehicle mass or heavier load (more kinetic energy must be removed
for the same braking force); and travelling downhill.

Speed Thinking distance Braking distance Total stopping dis-
tance

10m/s 7.0m 8.3m 15.3m

20m/s 14m 33.3m 47.3m

30m/s 2Im 75m 96 m
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lllustrative stopping distances assuming a reaction time of 0.7 s and a constant braking deceleration of 6.0 m/s2.
Thinking distance grows in direct proportion to speed; braking distance grows with the square of speed, so it dominates
the total stopping distance at higher speeds.

Vi du mAu - Stopping distance calculation

A car travelling at 20 m/s has a driver reaction time of 0.7 s; the brakes then produce a constant
deceleration of 5.0m/s2. Find (a) the thinking distance, (b) the braking distance, (c) the total
stopping distance.

(a) dthink = Ulreaction = (20)<0'7) =14m. 400
(b) Using v? = u? + 2as with final speed 0: 0 = 202 — 2(5.0)dpake = Dbrake = 0= 40m
(c) Total stopping distance = 14 + 40 = 54 m.

(1) L6i thwong gap: Do not assume that doubling a vehicle’s speed simply doubles its total
stopping distance. Thinking distance is directly proportional to speed (d = vt), but braking
distance is proportional to speed squared (from v? = 2a d, .., Or equivalently the work-energy
principle, since kinetic energy o« v?) — so doubling the speed roughly quadruples the braking
distance, making the total stopping distance more than double.

GIAI THICH TIENG VIET

uang dudong dirng xe = quang dudng phan (rng (thinking distance) + quang duong phanh
(braking distance). Quang dudng phan (rng ti |é thuan vai téc do (do thai gian phan (ng cla
tai x&€ khéng déi), con quang dudng phanh ti [ véi binh phuong téc dé (vi dong ning o v?)
— vi vay t6c do tang gap doi thi quang duong phanh tang gip bén [an. Cac yéu to lam tang
quang dudng phan (rng: mét moi, rwgu bia, mat tap trung (dung dién thoai). Cac yéu té lam
tang quang duong phanh: dudng tron trugt/uét, 16p hodc phanh mon, xe chd nang, xuéng
daoc.

1.4.2 Vectors and the Resultant of Forces

When two or more forces act on an object along the same straight line, their resultant (net) force is
found simply by adding forces acting in one direction and subtracting forces acting in the opposite
direction (as already used with Newton’s second law above).

When two forces act at an angle to each other — most commonly at right angles — their resultant
must be found by vector addition: draw the two force vectors to scale, tip-to-tail (or, equivalently,
complete the parallelogram formed by the two vectors drawn from a common starting point); the
single vector from the very start to the very end (the diagonal of the parallelogram) is the resultant,
giving both its magnitude and its direction.

For two forces F} and F,, acting at right angles to each other, the resultant has magnitude R =

1 F. . .
V FZ + FZ (Pythagoras’ theorem), at an angle 6 = tan ! <F2> measured from the direction of
1
F}, turned towards F,.

|
|
F, = 3.0N (north) Z l
|
|
|
|
|

F, = 4.0N (east)
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Parallelogram (tip-to-tail) rule for adding two forces at right angles: complete the rectangle formed by F, and F,; the
diagonal from the common starting point is the resultant R, with magnitude R = /F? + F3 and direction
6 = tan ' (F,/F,) measured from the direction of F,.

Vi du 9 - Resultant of two perpendicular forces

A boat’s engine pushes it forward with a force of 4.0 N (east) while a current pushes it with a
force of 3.0 N (north). Find the magnitude and direction of the resultant force.

R=\/F} +F?=+402+3.02 =16 + 9 = v25 = 5.0N.

0 =tan " (28) = tan ' (0.75) = 36.9° north of east.

- GIAI THICH TIENG VIET
Khi hai luc tac dung theo cliing mot dudng thing, hop luc tinh bing cach cdng hoac trir dai
s6 cac luc dé. Khi hai luc hop véi nhau mét goc (thudng 1a goc vudng), phai dung phép cong
vector: vé hai vector néi dudi nhau (hoac hoan thanh hinh binh hanh) — vector tir diém dau dén
diém cudi chinh 13 hop luc. V&i hai luc vudng goc, do 16n hop luc tinh bang dinh ly Pythagoras
R = /F? + F2, hudng tinh bang tan§ = F,/F, so v&i hudng cla F;.

1.4.3 Circular Motion (Supplement)

Khai niém cét 16i

(Supplement) An object moving in a circle at constant speed is still accelerating, because its ve-
locity (a vector) is continuously changing direction, even though its magnitude (speed) stays
the same. This acceleration — and therefore the resultant (net) force needed to produce it,
called the centripetal force — points towards the centre of the circle at every instant, perpen-
dicular to the object’s velocity. Because this force is always perpendicular to the motion, it
does no work on the object, so the object’s speed and kinetic energy remain constant through-
out the motion.

Everyday examples: friction between the tyres and the road provides the centripetal force needed
for a car to go round a bend; tension in a string provides it for a ball being swung in a horizontal circle;
gravitational attraction provides it for a satellite orbiting a planet. If the centripetal force is suddenly
removed (e.g. the string snaps), the object does not fly radially outward — by Newton’s first law, with
no resultant force acting, it travels in a straight line at constant speed, along the tangent to the circle
at the point where the force was removed.

. GIAI THICH TIENG VIET

(Supplement) Mét vat chuyén dong tron déu (téc dé khéng déi) van cé gia tdc, vi van téc (dai
lwong vector) lién tuc déi hudng du dé 1on (téc dé) khong déi. Gia téc nay huéng vao tam
duaong tron, nén luc hudng tdm (luc hgp tac dung Ién vat) cling luén hudng vao tdm va vuong
goc véi van téc tai moi thoi diém — do do khéng sinh cong va khéng lam thay doéi téc d6 hay
dong nang cua vat. Vi du: ma sat gilra 16p xe va mat dudong khi xe vao cua, luc cidng day khi
quay mét vat budc day, luc hap dan gilr vé tinh quay quanh hanh tinh. Néu lyc huéng tam
bién mat dot ngdt (vi du day dirt), vat sé bay theo dudng thang ti€p tuyén vai quy dao tai thoi
diém do (theo dinh luat 1 Newton), chitr khdng bay thang ra ngoai theo phuong ban kinh.

1.4.4 Moments and Equilibrium

The moment (turning effect) of a force about a pivot is M = F x d, where d is the perpendicular
distance from the pivot to the line of action of the force (unit: N-m). A larger force, or a larger per-
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pendicular distance, produces a bigger turning effect — this is why long spanners and door handles
placed far from the hinge require less force to turn.

Principle of moments: an object is in rotational equilibrium when the sum of clockwise mo-
ments about any pivot equals the sum of anticlockwise moments about that same pivot. An
object is in full (static) equilibrium when both (a) the resultant force is zero and (b) the resultant
moment is zero. The centre of mass is the single point where an object’s entire weight may be
considered to act; an object is more stable (harder to topple) when it has a low centre of mass
and a wide base, because its weight line then stays within the base over a larger range of tilt.

N (pivot reaction)
A
dl d2

LA

A uniform beam pivoted at its centre of mass: it balances when the anticlockwise moment F, d, equals the clockwise
moment F,d,.

Vi du 10 - Principle of moments

(@) A 600 N child sits 1.5 m from the pivot of a uniform seesaw. Find the distance from the pivot
at which a 450 N child must sit on the other side to balance it.

(b) A uniform plank pivoted at its centre carries a 20 N weight at 0.80 m from the pivot on the
left, and two weights on the right: 8.0 N at 0.50 m and an unknown weight W at 1.0 m. Find W
for balance.

(a) Anticlockwise moment = clockwise moment: (600)(1.5) = (450)(d) = d = Z—gg =2.0m.
(b) Anticlockwise (left) moment = (20)(0.80) = 16 N - m. Clockwise (right) moments must sum

to 16N - m: (8.0)(0.50) + W(1.0) =16 = 4.0+ W = 16 = W = 12N.

(') L6i thueng gap: When applying the principle of moments, every moment must be taken
about the same pivot, and you must be consistent about which sense of rotation (clockwise or
anticlockwise) you treat as positive. A force whose line of action passes exactly through the
chosen pivot has zero perpendicular distance from it and therefore contributes zero moment
about that pivot, no matter how large the force itself is.

Vi du mAu - Principle of moments (unknown distance)

A uniform plank pivoted off-centre is held in rotational equilibrium by two downward forces:
40 N acting 0.50 m to the left of the pivot, and 80 N acting on the right side of the pivot. Find
the distance from the pivot at which the 80 N force must act.

Anticlockwise moment (left side) = (40)(0.50) = 20N - m. For equilibrium, the clockwise mo-
ment (right side) must equal this:

20
(80)d=20=d= 5 =025m.
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. GIAI THICH TIENG VIET

Mo-men luc M = F x d, v&i d 1a khoang cach vuéng goc tir truc quay dén gia cua luc. Nguyén
ly mé-men: téng mé-men theo chiéu kim déng hé bang téng mé-men ngugc chiéu kim déng
ho khi vat can bang quay, va tat ca mé-men phai dugc tinh quanh cing mét truc. Vat cé trong
tam cang thap va dé cang rong thi cang &n dinh, kho bi 1at dé hon.

1.5 Momentum (Supplement)

Khai niém cét 16i

Momentum: p = muv (kg-m/s), a vector in the direction of v. For an isolated (closed) system,
total momentum is conserved: momentum before = momentum after any collision or explo-
sion. Impulse: F' At = Ap — force x time = change in momentum; this is why extending the
contact time (e.g. airbags, crumple zones, bending your knees on landing) reduces the peak
force for a given change in momentum.

Vidu 11 - Conservation of momentum

A 2.0kg trolley moving at 3.0m/s collides and sticks to a stationary 1.0 kg trolley. Find their
common velocity after impact.

6.0
Ppefore = (2.0)(3.0) +0=6.0kg-m/s. v

= —— =2.0m/s.
204+ 1.0 /

. GIAI THICH TIENG VIET

Dong lugng cta mét hé kin (khéng cé ngoai luc) luén duoc bao toan: tong dong lugong trudc
va cham bang téng déng luong sau va cham, du va cham 1a mém (dinh vao nhau) hay dan hoi,
hay 1a mét vu né (tir dirng yén tach thanh hai phan chuyén déng nguoc chiéu). Can chon moét
chiéu duong va gan dau +/— cho van toc trugce khi cong — quén dau am cho vat chuyén dong
nguoc chiéu 13 16i rat phé bién. Xung luc FAt = Ap giai thich vi sao kéo dai thoi gian va cham
(tai khi, uén géi khi ti€p dat) 1am gidm luc tac dung lén co thé.

1.5.1 Impulse and Force-Time Graphs (Supplement)

(Supplement) Impulse = FAt = Ap (units N - s, equivalent to kg - m/s). On a graph of force
against time, the area under the graph represents the impulse delivered — and therefore the
change in momentum produced — even when the force is not constant throughout the impact.

F (N)

200

‘ ‘ ‘ ‘ ‘ > ¢ (ms)

1 2 3 4 5 6

A typical impact force-time graph (e.g. a ball being struck, or a car’s crumple zone deforming): force rises rapidly, peaks,
then falls back to zero. The shaded area under the graph equals the impulse FFAt = Ap delivered during the impact.
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ENGLISH

Vi du miu - Impulse from a force-time graph

(Supplement) During a collision lasting 8.0 ms, the force on a hockey puck of mass 0.17 kg (ini-
tially at rest) rises uniformly from 0 to a peak of 300 N over the first 3.0 ms, then falls uniformly
back to 0 over the remaining 5.0 ms. Find (a) the impulse delivered (the area of the triangular
force-time graph), (b) the puck’s speed immediately after being struck.
(a) Impulse = area of triangle = 1 x base x height = (8.0 x 1073)(300) = 1.2N - s.

1.2

(b) Since impulse = Ap =mv—muand u=0: 1.2 = (0.1T)v = v = ﬁ =7.1m/s (to 2s.f.).

GIAI THICH TIENG VIET
mi%upplement) Xung luc FAt = Ap — trén do thi luc theo thoi gian, dién tich duéi d6 thi chinh
[ xung luc (d6 bién thién dong luong), ké ca khi luc thay déi theo thoi gian trong suét va cham
(khéng phai hang s6). Day Ia ly do tui khi, dém giam chan, hodc vung bién dang (crumple zone)
ctia xe hoi kéo dai thoi gian va cham At dé giam luc dinh F' tac dung l1én ngudi, véi cung mot
d6 bién thién déng lugng Ap can tao ra.

1.5.2 Elastic and Inelastic Collisions (Supplement)

Khai niém cét 16i

(Supplement) In any collision (or explosion) within an isolated system, momentum is always
conserved. Collisions are further classified by what happens to kinetic energy: in an elastic
collision, total kinetic energy is also conserved (KE before = KE after) — the objects separate
again after impact, without any permanent change of shape. In an inelastic collision, momen-
tum is still conserved, but total kinetic energy is not conserved: some kinetic energy is trans-
ferred to other energy stores, such as thermal energy (heat), sound, and the energy needed to
permanently deform the colliding objects. A collision in which the objects stick together and
move with a common final velocity (as in Vi du 11) is an extreme case of an inelastic collision,
called a perfectly inelastic collision.

Vi du miu - Elastic collision (equal masses)

(Supplement) A trolley A of mass 2.0 kg moving at 5.0 m/s collides elastically with an identical
stationary trolley B of mass 2.0 kg. After the collision, A is at rest and B moves off at 5.0m/s.
Verify that both momentum and kinetic energy are conserved.

Momentum: before = (2.0)(5.0) + (2.0)(0) = 10kg-m/s; after = (2.0)(0) + (2.0)(5.0) =
10kg - m/s — conserved.

Kinetic energy: before = 1(2.0)(5.0)2 + 0 = 25J; after = 0 + £(2.0)(5.0)> = 25J — also
conserved, confirming the collision is elastic. (This exchange of velocities is a general feature
of a head-on elastic collision between two objects of equal mass, one of which is initially at
rest.)

Vi du mAu - Inelastic collision and energy loss

(Supplement) A trolley of mass 3.0 kg moving at 8.0m/s collides and sticks to a stationary
trolley of mass 1.0kg. Find the common velocity after the collision, and show that kinetic
energy is not conserved.
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24
Momentum: (3.0)(8.0) +0 =24kg-m/s. v= 30410 6.0m/s.
KE before = £(3.0)(8.0)2 =96J.  KE after = £(3.0 + 1.0)(6.0)* = £(4.0)(36) = 72J.
KE lost = 96 — 72 = 24J (transferred to heat and sound as the trolleys deform and couple
together) — momentum is conserved (24 kg - m/s before and after) but kinetic energy is not,
confirming the collision is inelastic.

(1) L6i thuong gap: Momentum is always conserved in a collision (provided no external resul-
tant force acts), but kinetic energy is only conserved if the collision is elastic. Do not assume
AFE, = 0 automatically just because momentum is conserved — check whether the question
describes the collision as elastic, or calculate KE before and after separately to check. Two
objects that stick together after colliding can never do so elastically (kinetic energy is always
lost whenever objects permanently deform or fuse together on impact).

GIAI THICH TIENG VIET

mi%upplement) Dong luong ludn duoc bao toan trong va cham (khi khdong c6 ngoai luc), nhung
doéng nang chi dugc bao toan néu va cham la va cham dan héi (elastic) — déng nang truwdce va
sau va cham bang nhau, hai vat tach r&i sau va cham. Trong va cham khéng dan héi (inelastic),
dong lwgng van bdo toan nhung dong ning giam, phan nang lugng mat di chuyén thanh nhiét,
am thanh, hodc lam bién dang vat. Va cham ma hai vat dinh vao nhau (nhu Vidu 11) I3 truong
hop dac biét goi 1a va cham hoan toan khéng dan hai. Léi phé bién: hoc sinh nham tuéng dong
nang ludn bao toan gidng nhu déng luong — can kiém tra dé bai cé néi “dan hoi” hay khong,
hodc tinh déng nang trudc/sau dé kiém chirng.

1.6 Energy, Work, Power and Energy Resources

Energy cannot be created or destroyed, only transferred or transformed between stores (kinetic,
gravitational potential, elastic, chemical, thermal/internal, nuclear, ...) — this is the principle of con-
servation of energy. Work done W = Fd (force x distance moved in the direction of the force);
doing work on an object transfers energy to it.

w

Gravitational PE: £, = mgh. Kinetic energy: F; = imv?. Power: P = T (watts,

E
t
useful energy output

J/s). Efficiency = a
total energy input
some energy is always transferred to (usually unwanted) thermal energy stores.

Vidu 12 - Work done and gravitational PE

A crane lifts a 500 kg load through a height of 10 m. Find the work done (gain in GPE).
W = mgh = (500)(10)(10) = 50000J = 50 kJ.

Vidu 13 - Power and efficiency

A machine does 6000 J of useful work in 3.0's, using 9000 J of electrical energy input. Find the

power output and the efficiency.
W 6000 6000

P=—= =2 W = 2.0kW. Effici =
; 30 000 0 ciency 9000

x 100%, always less than 100% in practice because

x 100% = 66.7%.
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1.6.1 The Work-Energy Principle and Power

Work-energy principle: the work done by the resultant force on an object equals its change

in kinetic energy: Wieqyiant = AE, = 3mv? — 2mu?. This is simply Newton’s second law re-

expressed in terms of energy, and it is often the fastest route to a distance or a force when

time is not given (compare with the SUVAT equations of Section 1.2, which all involve time).
. . . W Fd d . .
Power in terms of force and velocity: since P = riairai F x - for an object moving at

(instantaneous or constant) velocity v in the direction of the force, P = F.

Vi du mau - Work-energy principle: braking distance

A car of mass 1000 kg travelling at 25m/s is brought to rest by a constant resultant braking
force of 6250 N. Find the braking distance.

By the work-energy principle, the work done by the resultant (braking) force equals the change
in kinetic energy:
Fd = imv? — $mu® = 0— 1(1000)(25)? = —312500J (the resultant force acts opposite to the
motion, removing kinetic energy).

312500

Taking magnitudes: (6250) d = 312500 = d = o0 50 m

Vi du mau - Power and constant velocity (P = Fv)

A lift (elevator) and its load have a total weight of 6000 N. The lift motor raises it at a constant
velocity of 1.5 m/s. Find the power developed by the motor (assume no friction, so the driving
force equals the weight).

At constant velocity, the driving (upward) force F' equals the weight, since the resultant force
is zero: ' = 6000 N.

P = Fv = (6000)(1.5) = 9000 W = 9.0 kW.

. GIAI THICH TIENG VIET
Nguyén ly cdng-nang luong: cong cua luc hop tac dung lén vat bang dé bién thién déng nang
cla vat, Wy, = AE, = $mv? — $mu? — rat hitu ich khi dé bai khong cho thai gian. Cong
suat theo lyc vavan toc: vi P = W/t = Fd/t vad/t = v, nén P = Fu khi vat chuyén dong véi
van téc v theo phuong cua lwc — ap dung cho xe chuyén dong déu hay thang may nang vat
vGi van toc khéng doi.

Energy resources are grouped as renewable (replenished as fast as used: solar, wind, hydroelec-
tric, geothermal, tidal, wave, biofuel) and non-renewable (finite, being used up far faster than they
form: coal, oil, natural gas — the fossil fuels — and nuclear fuel). Fossil fuels and biofuel release
energy by combustion; a power station burning fuel boils water to steam, which drives a turbine
connected to a generator.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 22



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

Resource Type Key drawback

Coal, oil, natural gas Non-renewable CO, emissions, finite sup-
ply

Nuclear fuel Non-renewable Radioactive waste, acci-
dent risk

Solar Renewable Unavailable at night / low
light

Wind Renewable Unreliable, needs wind, vi-
sual/noise impact

Hydroelectric Renewable High set-up cost, floods
land

Geothermal Renewable Only viable in certain loca-
tions

Every energy resource is ultimately used to generate electricity or provide direct heat; all combustion-based resources
release stored chemical energy as thermal energy.

Electrical energy input: 100)J

!

Useful light output: 10J (10%)

Wasted heat output: 90 J (90%)

Simplified energy-flow (Sankey-style) diagram for a filament lamp: the width of each output band is proportional to the
share of the input energy it carries — most of the electrical energy supplied is wasted as heat, and only a small fraction
leaves as useful light.

GIAI THICH TIENG VIET

Nang luong khong tu sinh ra hay mat di, chi chuyén héa tir dang nay sang dang khac — phan
"hao phi” thudng chuyén thanh nhiét (khéng mat di, chi khéng con hiru ich). Hiéu suat =
nang luong hiru ich
nang lugng dau vao
(mat troi, gio, thay dién, dia nhiét, séng, thay triéu, nhién liéu sinh hoc) duoc bé sung lién tuc;
nguon khéng tai tao (than, dau, khi dét, nhién liéu hat nhan) dang can kiét nhanh hon toc do
hinh thanh. So d6 Sankey biéu dién dong ning lwong bang doé rong cua dai ti 1é vai luong nang
lwong, gitp hinh dung truc quan phan nang luong hiru ich va phan hao phi.

x 100% ludén nhd hon 100% trong thuc té€. Ngubn nang luong tai tao

1.7 Pressure

F
Pressure: p = 1 (pascals, Pa = N/m2) — the same force spread over a smaller area produces a

greater pressure (e.g. a sharp knife or a drawing pin has a very small contact area, so a modest
force creates a large pressure; a wide tyre or snowshoe has a large contact area, spreading the
same weight over more area to reduce pressure on soft ground). (Supplement) Pressure in a
liquid: p = hpg (depth x density x g) — it depends only on depth and density, not on the shape
or cross-section of the container, and acts equally in all directions at a given depth.
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Vi du 14 - Pressure of a solid on a surface

A box exerts a force of 200 N over a base area of 0.50 m2. Find the pressure on the floor.
r_ 200 _ 400 Pa

A 0.50

Vi du 15 - Liquid pressure and atmospheric pressure

(Supplement) (a) Find the pressure due to a 5.0 m column of water (p = 1000 kg/m?3). (b) Atmo-
spheric pressure at sea level is about 101000 Pa. Find the total pressure (liquid 4+ atmosphere)
acting on a diver at that depth.

(@) p = hpg = (5.0)(1000)(10) = 50000 Pa = 50 kPa.

(b) Total pressure = 50000 + 101000 = 151000 Pa ~ 151 kPa.

Atmospheric pressure arises from the weight of the column of air above a surface, and decreases
with altitude (there is less air, and less dense air, above you as you climb). A simple mercury barom-
eter (a mercury-filled tube inverted in a mercury reservoir) measures atmospheric pressure from the
height of the mercury column it supports; a manometer (a U-tube containing liquid, open to the
atmosphere at one end and connected to a gas supply at the other) measures gas pressure from
the difference in liquid levels between the two arms. A hydraulic system uses an enclosed liquid to
transmit pressure equally in all directions (Pascal’s principle): a small force on a small piston creates
a pressure that acts equally on a larger piston, producing a much larger force there — this is how
hydraulic car jacks and hydraulic brakes multiply force.

l

gas supply

U-tube manometer: the gas pushes the liquid down on the connected side and up on the open side; the height
difference h between the two liquid levels gives the gas pressure above atmospheric, p,,; = Pam + hpg-

Vi du mAau - Hydraulic lift (force multiplication)

(Supplement) A hydraulic car lift has a small piston of area 8.0 cm? and a large piston of area
240 cm?, connected by an enclosed liquid. A force of 200 N is applied to the small piston. Find
the force produced at the large piston.

By Pascal’s principle, pressure is transmitted equally through the enclosed liquid: p = =1 =

Al
2
% =25N/cm?.
This same pressure acts on the large piston: F, = pA, = (25)(240) = 6000 N — the hydraulic

A
lift multiplies the applied force by the ratio of the piston areas, A—Q = 30.
1
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GIAI THICH TIENG VIET

Ap suat khi quyén do trong lwong cot khéng khi phia trén gay ra, gidam dan theo dé cao. Ap
ké& thiy ngan (barometer) do ap suat khi quyén; ap k& chir U (manometer) do ap suat khi bang
chénh léch myc chat 16ng hai nhanh: py, = Pyni quyen + hpg. O d6 sau h trong chat long, ap sust
téng tac dung lén mot vat bang ap suat khi quyén cdng ap suat do cot chat I6ng gay ra. Hé
théng thuy luc dung chat 1ong kin dé truyén ap suat déu theo moi hudng (nguyén ly Pascal):
mot lwe nho tac dung lén pittdng nho tao ra ap suat, ap suat nay tac dung lén pitténg I&n hon
tao ra luc Ién hon nhiéu.

1.8 Practice Problems

Bai tap luyén tap

A speed-time graph shows a car accelerating uniformly from 0 to 15 m/sin 5.0 s, then travelling
at constant 15m/s for 10's, then decelerating uniformly to rest in 3.0 s. Find the total distance
travelled.

(A) 210m (C) 195m

(B) 187.5m (D) 225m

Lai giai chi tiét

Distance = total area under the graph: 1(5.0)(15)+(15)(10)+ £(3.0)(15) = 37.54+150+22.5 =
210m. (A).

Bai tap luyén tap

A 1200 kg car has a driving force of 3600 N from its engine and a total resistive force of 600 N.
Find its acceleration.

Loi giai chi tiét

F
Resultant force = 3600 — 600 = 3000N. o= — = 3000 _ 2.5m/s?|.
m 1200

Bai tap luyén tap

(Supplement) Trolley A (2.0kg) moves right at 6.0m/s and collides head-on with trolley B
(2.0 kg) moving left at 2.0 m/s. They couple together on impact. Find their common veloc-
ity after the collision (take rightward as positive).

Loi giai chi tiét
Phefore = (2.0)(6.0) + (2.0)(—2.0) = 12 —4 = 8.0kg - m/s.

v = 208+020 = (in A’s original direction).

Bai tap luyén tap

An electric motor lifts a 50 kg load through 4.0 m in 5.0's, using 2500 J of electrical energy. Find
(a) the useful work done, (b) the power output, (c) the efficiency.
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Loi giai chi tiét
(@) W = mgh = (50)(10)(4.0) = 2000 J.

W 2000
P=—=——=400W.
(b) t 5.0 00

. 2000
(c) Efficiency = 5200 < 100% = | 80% |

Bai tap luyén tap

(Supplement) A submarine window of area 0.20 m? is at a depth of 50 m in water of density
1000 kg/m?3. Find (a) the water pressure at that depth, (b) the total force pushing on the win-
dow.

Loi giai chi tiét

(a) p = hpg = (50)(1000)(10) = 500000 Pa = 500 kPa.
(b) F = pA = (500000)(0.20) =|100000 N = 100 kN |

Bai tap luyén tap

A student measures the diameter of a wire with a micrometer screw gauge: the sleeve scale
reads 3.0 mm and the thimble scale reads 42 divisions of 0.01 mm each. Find the diameter.

(A) 3.42mm (C) 4.20mm
(B) 3.24mm (D) 3.052mm

Lai giai chi tiét

-

Diameter = 3.0 + (42 x 0.01) = 3.0 + 0.42 = 3.42mm. (A).

Bai tap luyén tap

A rectangular block measures 5.0cm x 4.0 cm x 2.0 cm and has mass 312 g. Find its density in
g/cm?3 and in kg/m3.

Lai giai chi tiét

-

_s12_

V=50x4.0x20=40cm3 p 0

7.8g/cm3 = 7800 kg/m?3 |

Bai tap luyén tap

An irregular metal object of mass 270 g is lowered into a measuring cylinder, raising the water
level from 50 cm? to 80 cm®. Find its density.

(A) 9.0g/cm?® (C) 5.4g/cm3
(B) 3.4g/cm?® (D) 6.75g/cm?
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Loi giai chi tiét
270

V=80—-50=30cm3. p= i 9.0g/cm3. (A).

Bai tap luyén tap

A spring stretches by 15 cm under a force of 6.0 N, within its limit of proportionality. Find (a)
the spring constant, (b) the extension produced by a 10 N force.

Lai giai chi tiét

F 6.0
(a)k:E:70.15: 40N/m.
(b)x—E—E—\O%m—%cm\

k40 '

Bai tap luyén tap

A uniform metre rule is pivoted at its 50 cm mark (its centre of mass) and balances horizontally
when a 3.0 N weight hangs at the 20 cm mark and an unknown weight W hangs at the 80 cm
mark. Find W.

(A) 1.0N (C) 3.0N
(B) 2.0N (D) 4.5N

Loi giai chi tiét
Distance of 3.0 N weight from pivot = 50 — 20 = 30 cm; distance of W from pivot = 80 — 50 =

30cm.
(3.0)(30) = W(30) = W = 3.0N. (C).

Bai tap luyén tap

A spanner of length 24 cm is used to turn a nut, with the force applied perpendicular to the
spanner at its far end. If a moment of 18 N - m is needed to loosen the nut, find the minimum
force required.

Loi giai chi tiét

M:Fd:F:%:%:.

Bai tap luyén tap

A uniform plank of weight 40 N and length 4.0 m rests horizontally on two supports, one at
each end. A 60N weight is placed 1.0 m from the left end. Taking moments about the left
support, find the force exerted by the right-hand support. (Hint: the plank’s own weight acts
at its centre, 2.0 m from each end.)
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Loi giai chi tiét

Taking moments about the left support: clockwise moments = (60)(1.0)4(40)(2.0) = 60+80 =
140N - m.
This equals (right support force) x (4.0 m): R x 4.0 = 140 = R =[35N |

Bai tap luyén tap

Explain, using the idea of centre of mass and base area, why a Formula 1 racing car (wide, low
chassis) is much more stable than a tall, narrow van.

Lai giai chi tiét

The racing car has a very low centre of mass and a relatively wide wheelbase, so the vertical
line through its centre of mass stays within its base (the area enclosed by its wheels) even
when it tilts through a large angle — it must tilt a long way before this line falls outside the
base and it topples. The tall, narrow van has a higher centre of mass and a narrower base, so
a much smaller tilt angle is enough to move the centre-of-mass line outside the base, making
it far easier to topple.

Bai tap luyén tap
A resultant force of 24 N gives a trolley an acceleration of 4.0 m/s?. Find the trolley’s mass.

(A) 4.0kg (C) 8.0kg
(B) 6.0kg (D) 96 kg

Loi gidi chi tiét
F 24

Bai tap luyén tap

(Supplement) A firework of total mass 2.0 kg, initially at rest, explodes into two fragments. One
fragment of mass 0.50 kg moves off at 12m/s. Find the velocity of the other (1.5 kg) fragment.

Loi giai chi tiet

Total momentum before = 0 (at rest), so total momentum after must also be 0:
(0.50)(12) + (1.5)v = 0 = 6.0+ 1.50 = 0 = v = (i.e. 4.0m/s in the opposite
direction to the first fragment).

Bai tap luyén tap

A car of mass 900 kg travelling at 20 m/s is brought to rest by its brakes in 4.0s. Find (a) the
change in momentum, (b) the average braking force.

Loi giai chi tiet

-

(@) Ap = mv —mu = 0 — (900)(20) = ‘ —18000kg - m/s ‘ (magnitude 18000 kg - m/s).
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A 1 . .
(b) F = Tp = iLgO = 14500 N | (opposing the motion).

Bai tap luyén tap

A ball of mass 0.20 kg falls from a height of 5.0 m. Ignoring air resistance, find its speed just
before hitting the ground using energy conservation (E, — E,), and check your answer against
the free-fall equation v? = u? + 2as.

(A) 7.1m/s (C) 50m/s

(B) 10m/s (D) 100m/s

Lai giai chi tiét

Energy method: mgh = ;mv? = v = v/2gh = /2(10)(5.0) = v/100 = 10m/s. (B).
Check via v* = u? + 2as = 0 + 2(10)(5.0) = 100 = v = 10m/s — consistent, as expected
(energy conservation and the kinematics equations describe the same free-fall motion).

Bai tap luyén tap

A 0.50 kg ball moves at 6.0 m/s. Find its kinetic energy.

Lai giai chi tiét

-

(0.50)(6.0)> = 1(0.50)(36) =[9.0J].

Bai tap luyén tap

N[

B, = %mv2 =

A gas in a cylinder is connected to a U-tube manometer open to the atmosphere. The liquid
in the manometer (density 1000 kg/m?3) is 30 cm higher on the open side than on the gas side.
Atmospheric pressure is 101000 Pa. Find the gas pressure.

(A) 98000 Pa (C) 101000 Pa
(B) 104000 Pa (D) 131000 Pa

Loi giai chi tiét
Height difference contributes an extra pressure = hpg = (0.30)(1000)(10) = 3000 Pa above

atmospheric (the gas is pushing the liquid down on its own side, so gas pressure = atmospheric

+ this extra pressure):
Pgas = 101000 + 3000 = 104000 Pa. (B).

Bai tap luyén tap

An object weighs 50 N on Earth (g = 10 N/kg). Find its mass, and its weight on a planet where
g =4.0N/kg.
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Loi giai chi tiét

W 50
m = " =10 5.0 kg [ (unchanged on the other planet).
planet — "Yplanet — (5'0>(4'0) = '

W,

Bai tap luyén tap

A block of wood floats in water with 70% of its volume submerged. If its total volume is
200 cm?, and the density of water is 1.0 g/cm3, use the fact that a floating object displaces its
own weight of liquid to find the mass of the block.

Loi giai chi tiét

Volume of water displaced = 70% x 200 = 140 cm?, with mass = 140 x 1.0 = 140g (using

Pwater = 1.0 g/cm3).
Since the block floats, its weight equals the weight of water displaced, so its mass = (140 g

(its average density is 140/200 = 0.70 g/cm3, less than water, consistent with floating).

Bai tap luyén tap

A car accelerates uniformly from 10 m/s to 25 m/s over a distance of 175 m. Find the acceler-
ation and the time taken.

Loi giai chi tiét

2
v? = u? + 2as = 252 = 10% + 2a(175) :>625:100+350a:>a:% =|1.5m/s?|.
— 25 — 1
a o

Bai tap luyén tap

A uniform see-saw of length 3.0 m is pivoted at its centre. A 300 N child sits at one end. How
far from the pivot must a 450 N adult sit, on the other side, to balance the see-saw?

(A) 0.67m (C) 1.5m
(B) 1.0m (D) 2.25m

Lai giai chi tiét

Child’s distance from pivot = 1.5m (half of 3.0m). Anticlockwise moment = (300)(1.5) =
450N - m.
450 = (450)(d) = d = 1.0m. (B).

Bai tap luyén tap

A crate of weight 800 N is pushed up a frictionless ramp of length 5.0 m that rises to a height
of 2.0 m, by a force acting parallel to the ramp. Using energy conservation, find the minimum
force needed and the work done.
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Loi giai chi tiét

Work done against gravity (gain in GPE) = W, gnt X h = (800)(2.0) = 1600 J.
Since the ramp is frictionless, the work done by the pushing force equals this GPE gain: F' x
5.0 = 1600 = F =| 320N |, work done = |1600J |.

Bai tap luyén tap

A spring of natural length 12 cm stretches to 18 cm under a load of 4.0 N (within its limit of
proportionality). Find the spring constant, and the length of the spring under a load of 7.0 N.

Loi giai chi tiét

. i 4.0
Extension =18 — 12 =6.0cm = 0.060m. k= = T 0060 66.7N/m|.

7.0
At 7.0N: xz = 567 = 0.105m = 10.5cm; new length = 12 + 10.5 = .

-

Bai tap luyén tap

State and explain, in terms of forces, why a skydiver falling with an open parachute eventually
reaches a constant (terminal) velocity.

, Loi giai chi tiét
As the skydiver falls, air resistance acts upward, opposing the (constant) downward weight.
Initially, weight exceeds air resistance, so there is a net downward force and the skydiver
accelerates downward; as speed increases, air resistance increases too. Once air resistance
grows to exactly equal the skydiver’s weight, the resultant force becomes zero, so (by New-
ton’s first law) the skydiver no longer accelerates and continues to fall at a constant terminal

velocity.

Bai tap luyén tap

Two forces act on a stationary 4.0 kg object on a frictionless surface: 20N to the right and
8.0 N to the left. Find the resultant force and the resulting acceleration.

(A) 3.0m/s? right (C) 7.0m/s? right
(B) 3.0m/s? left (D) 5.0m/s? right

Loi giai chi tiét

) F 12 .
Resultant force = 20 — 8.0 = 12N to the right. a = — =95 3.0m/s? to the right. (A).

Bai tap luyén tap

A block of density 1.2 g/cm? is placed in a liquid of density 1.5 g/cm?3. Explain, using densities,
whether it floats or sinks.
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Loi giai chi tiét

The block’s density (1.2 g/cm?3) is less than the liquid’s density (1.5 g/cm?), so the block is less
dense than the liquid it is placed in and will float (rising until the weight of liquid displaced by
the submerged part equals the block’s own weight).

Bai tap luyén tap

Two ice-skaters, initially at rest, push off from each other. Skater A (mass 60 kg) moves off at
2.0m/s. If skater B has mass 50 kg, find B’s speed after the push-off.

(A) 1.5m/s (C) 2.4m/s
(B) 2.0m/s (D) 3.0m/s

Lai giai chi tiét

Total momentum before = 0, so total momentum after = 0: (60)(2.0) — (50)(vg) = 0 (taking

A’s direction as positive, B moves the opposite way)
120 . . . .
Uy == = 2.4m/s (in the opposite direction to A). (C).

Bai tap luyén tap

A hydraulic press has a small piston of area 5.0cm? and a large piston of area 100cm?. A
force of 80 N is applied to the small piston. Using the fact that pressure is transmitted equally
through the enclosed liquid, find the force produced at the large piston.

Loi giai chi tiét

. F 80 . .
Pressure at small piston = A—l == 16 N/cm?; this same pressure acts on the large piston
1 .
(Pascal’s principle, enclosed liquid):
F, = pA, = (16)(100) = |1600N | — a hydraulic press multiplies force because pressure is

transmitted equally but the areas differ.

Bai tap luyén tap

A ball rolls from rest down a smooth slope, reaching a speed of 6.0 m/s after descending a
vertical height k. Ignoring friction and air resistance, find h.

(A) 0.60m (C) 3.6m
(B) 1.8m (D) 6.0m

Loi giai chi tiét

. . 2 36
By energy conservation, GPE lost = KE gained: mgh = %va = h= ;)— =50 = 1.8 m. (B).
g

Bai tap luyén tap

Two forces act on a point object on a frictionless surface: 6.0 N due east and 8.0 N due north.
Find the magnitude of the resultant force.
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(A) 10N (C) 2.0N
(B) 14N (D) 48N

Loi giai chi tiet

-

R=\/F} + F} =6.02+8.02 = /36 + 64 = /100 = 10N. (A).

Bai tap luyén tap

A hockey puck of mass 5.0 kg on frictionless ice is acted on by two forces at the same in-
stant: 6.0 N due east and 8.0 N due north. Find (a) the magnitude of the resultant force, (b) the
magnitude of the puck’s resulting acceleration.

Loi giai chi tiét

(@) R = v/6.02 + 8.02 = /36 + 64 = /100 = (at tan~'(8.0/6.0) = 53.1° north of east).

F 10 . . .
b)a=—= 50 =12.0 m/s2 , in the same direction as the resultant force.
m .

Bai tap luyén tap

(Supplement) A stone of mass 0.20 kg is whirled on the end of a string in a horizontal circle at a
constant speed of 4.0 m/s. (a) State the direction of the resultant force acting on the stone at
any instant. (b) State whether the stone’s kinetic energy changes during this motion, explaining
your answetr. (c) The string suddenly snaps. Describe, with a reason, the path the stone then
follows.

Loi giai chi tiét

(a) The resultant (centripetal) force acts towards the centre of the circle at every instant, per-
pendicular to the stone’s velocity.

(b) No — the kinetic energy stays constant, because E, = %va depends only on speed, and
the stone’s speed does not change (only its direction changes); the tension force is always
perpendicular to the velocity, so it does no work on the stone.

(c) Once the string breaks there is no resultant force on the stone, so by Newton'’s first law it
travelsin a ‘ straight line at constant speed, along the tangent to the circle ‘ at the point where
the string broke — not radially outward.

Bai tap luyén tap

A student wants to find the period (time for one complete swing) of a simple pendulum using
a stopwatch with a reaction-time uncertainty of about 4+-0.3 s on any single stopped time. In-
stead of timing one swing, she times 20 complete swings and obtains a total time of 24.6s. (a)
Calculate the period of one swing. (b) Explain why timing 20 swings and dividing gives a more
precise value of the period than timing a single swing directly.

Lai giai chi tiét

@7 = 557 =[123s]

(b) The same fixed reaction-time uncertainty (4+0.3 s) applies to the single stopwatch reading
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whether timing 1 swing or 20 swings. Over 20 swings this fixed uncertainty is a much smaller
percentage of the (much larger) total time measured, so when the total time is divided by 20 to
get the period, the resulting percentage uncertainty in the period is far smaller than if a single
swing (a much shorter time) had been timed directly, where +0.3 s would represent a large
fraction of the measured time.

Bai tap luyén tap

A student times 30 oscillations of a pendulum, obtaining a total time of 54.0s, using a stop-
watch with a reaction-time uncertainty of 4+-0.4s. Find (a) the period of the pendulum, (b) the
percentage uncertainty in the period.

Lai giai chi tiét
54.0

T=""3=|1.
(a) = 80's

. 4
(b) Percentage uncertainty = 04 x 100% = [0.74% | (to 2 s.f.).

54.0
Bai tap luyén tap

(Supplement) Trolley A (mass 1.5kg) moving at 6.0m/s collides elastically head-on with an
identical stationary trolley B (mass 1.5kg). Which of the following correctly describes the
trolleys’ velocities immediately after the collision?

(A) Both move at 3.0m/s (C) A continues at 6.0m/s, B remains at rest
(D) A bounces back at 6.0m/s, B remains at
(B) A stops (0 m/s), B moves at 6.0m/s rest

Loi giai chi tiet

For a head-on elastic collision between two equal masses, one initially at rest, the velocities
are exchanged: A ends at rest and B moves off at 6.0 m/s.

Check momentum: before = (1.5)(6.0) = 9.0kg-m/s; after = (1.5)(0) + (1.5)(6.0) =
9.0kg - m/s — conserved.

Check KE: before = 1(1.5)(6.0)? = 27J; after = £(1.5)(6.0)2 = 27J — also conserved, con-
firming elastic. (B).

Bai tap luyén tap

(Supplement) A trolley of mass 5.0 kg moving at 4.0m/s collides and sticks to a stationary
trolley of mass 3.0 kg. Find (a) their common velocity after the collision, (b) the kinetic energy
lost in the collision.

Loi giai chi tiét

20
(@) Momentum before = (5.0)(4.0) = 20kg-m/s. v = 50430 .
(b) KE before = $(5.0)(4.0)2 = 40J.  KE after = 3(8.0)(2.5)% = 25J.

KE lost = 40 — 25 = (transferred to heat and sound; momentum is conserved but kinetic
energy is not, since the collision is inelastic).
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Bai tap luyén tap

A car of mass 1500 kg travelling at 24 m/s is brought to rest by a constant resultant braking
force of 7200 N. Using the work-energy principle, find the braking distance.

Loi giai chi tiet

KE lost = imu? = $(1500)(24)* = 432000J. By the work-energy principle, this equals the
work done by the braking force: F'd = 432000.

432000
4= o0 = 60m]

Bai tap luyén tap

A car experiences a total resistive force of 800 N when travelling at a constant velocity of
30m/s along a level road. Find the power output required from the engine to maintain this
speed.

Loi giai chi tiet

At constant velocity, the driving force equals the resistive force: F' = 800 N.
P = Fv = (800)(30) = | 24000 W = 24 kW |

Bai tap luyén tap

A see-saw pivoted at its centre carries a 250 N weight at 1.2 m to the left of the pivot. Find the
distance from the pivot, on the right side, at which a 300 N weight must be placed to balance
the see-saw.

(A) 0.80m (C) 1.2m

(B) 1.0m (D) 1.5m

Loi giai chi tiét
Anticlockwise moment = (250)(1.2) = 300 N - m. For equilibrium: (300)d = 300 = d = 1.0m.
(B).

Bai tap luyén tap

(Supplement) A hydraulic lift has a small piston of area 12cm? and a large piston of area
300 cm?. A force of 150 N is applied to the small piston. Find the force produced at the large
piston.

Lai giai chi tiét

) F 150 .
Pressure at the small piston = A—l = 12.5 N/cm?; this same pressure acts on the large
1

piston (Pascal’s principle):

F, = pA, = (12.5)(300) =[3750 N,
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Bai tap luyén tap

An electric pump lifts 500 kg of water through a height of 15m in 25s. (a) Find the useful work
done (gain in gravitational PE). (b) Find the useful power output of the pump. (c) If the pump
is 80% efficient, find the electrical power input required.

|
(a) W = mgh = (500)(10)(15) = | 75000 = 75kJ |,
W 75000

(b) P = 5 = ~52— =[3000W = 3.0kW/|.
P P
(c) Efficiency = Zuseful o 100% = B, = Lwset _ 390 _ rsg w3 s iow ]
- 0.80 _ 0.80

Bai tap luyén tap

A uniform rectangular crate of weight 400 N stands on a rough horizontal floor; its base is
0.80 m wide, and its centre of mass (assume uniform density) lies 1.2 m above the floor, directly
above the centre of the base. A horizontal force is applied at the very top of the crate (height
1.2m) in an attempt to tip it over its bottom edge nearest the force. Taking moments about
that bottom edge, find the minimum horizontal force needed to just tip the crate over.

Lai giai chi tiét

At the point of tipping, the crate is about to rotate about the bottom edge nearest the ap-
plied force. The weight (acting vertically through the centre of mass, a horizontal distance
of half the base width = 0.40 m from that edge) supplies a restoring (anticlockwise) moment:
(400)(0.40) = 160N - m.

The applied horizontal force (acting at height 1.2m, so its perpendicular distance from the
same edge is 1.2 m) supplies the tipping (clockwise) moment F' x 1.2.

. - 160
At the point of tipping these are equal: F(1.2) = 160 = F = 19 = 133N |(to 3 s.f.) — any
force greater than this would tip the crate over. '

Bai tap luyén tap

(Supplement) State one similarity and one difference between an elastic collision and a per-
fectly inelastic collision, in terms of momentum and kinetic energy.

Loi giai chi tiet

Similarity: momentum is conserved in both types of collision (total momentum before = total
momentum after), provided no external resultant force acts.

Difference: in an elastic collision, total kinetic energy is also conserved (KE before = KE after)
and the two objects separate again after impact; in a perfectly inelastic collision, the objects
stick together and move with a common final velocity, and total kinetic energy decreases —
some kinetic energy is transferred to other energy stores such as heat and sound, even though
momentum is unchanged.
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Bai tap luyén tap

A car travels at 15 m/s; the driver’s reaction time is 0.6 s, and the brakes then provide a constant
deceleration of 5.0m/s2. Find (a) the thinking distance, (b) the braking distance, (c) the total
stopping distance.

Loi gidi chi tiét
(a) dthink = Ulreaction = (15)<0'6) = ' 995
(b) v? = u? + 2as = 0 = 152 — 2(5.0)dprake = Dprake = 0 = [22.5m]

(c) Total stopping distance = 9.0 + 22.5 = [31.5m .
Bai tap luyén tap

(Supplement) During an impact lasting 6.0 ms, the force on a ball of mass 0.20 kg (initially at
rest) rises uniformly from 0 to a peak of 300 N over the first 2.0 ms, then falls uniformly back
to 0 over the remaining 4.0 ms. Find (a) the impulse delivered, (b) the ball’s speed immediately
after impact.

(A) 0.45N -s;2.25m/s (C) 1.8N-5;9.0m/s

(B) 0.90N -s;4.5m/s (D) 0.90N -s;0.45m/s

Loi gidi chi tiét

(@) Impulse = area of the triangular force-time graph = % x base x height = %(6.0 X
1073)(300) = 0.90N - s.

(b) Since impulse = Ap = mv —muandu = 0: v = % =4.5m/s. (B).
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Thermal Physics

Muc tiéu Unit: M6 hinh déng hoc phan tir ctia vat chat (ba thé, chuyén déng Brown, khuéch tan, su
thay d6i trang thai & cip doé hat); ap suat khi & cac dinh luat khi - Boyle, Charles, dinh luat 4p suat
(Supplement), thang nhiét do Kelvin; su gian n& nhiét & &ng dung; phan biét nhiét dé v&i ndi nang;
nhiét dung riéng, nhiét dung, phuong phap hén hop; nhiét hoa riéng, phan biét bay hai véi s6i; ba co
ché truyén nhiét (dan nhiét, déi luu, birc xa) & cac (rng dung thuc té& (binh gilr nhiét, cach nhiét nha &,
tam thu ndng lugng mat troi).

2.1 The Kinetic Particle Model of Matter

Khai niém cét 16i

Solid: particles vibrate about fixed positions, held in a regular lattice by strong forces of attrac-
tion — fixed shape, fixed volume, and the highest density of the three states. Liquid: particles
are still close together (roughly the same average separation as in the solid) but the forces are
weak enough, and the particles have enough energy, that they can slide past one another — a
liquid has a fixed volume but takes the shape of whatever container holds it, and its density is
close to (usually slightly less than) that of the solid. Gas: particles move rapidly and randomly
in straight lines between collisions, with an average separation roughly ten times greater than
in a liquid or solid, and negligible forces of attraction between them (except during the brief
moment of a collision) — a gas has no fixed shape or volume, expands to fill any container,
is easily compressed, and has a much lower density than the liquid or solid form of the same
substance.

Solid Liquid Gas

Particle arrangement in the three states: a regular, close-packed lattice with particles only vibrating (solid); an irregular
but still close-packed arrangement that can flow (liquid); widely-spaced, fast, randomly-moving particles (gas).

2.1.1 Brownian Motion: Evidence for Moving Particles

The kinetic particle model claims that gas molecules are in continuous, random motion — but indi-
vidual molecules are far too small to see even under a powerful microscope. Brownian motion is the
key piece of indirect evidence for this claim. The classic demonstration uses a smoke cell: smoke
(which contains solid soot particles, each still large enough to scatter light and be seen, though far
larger than an air molecule) is trapped inside a small, sealed glass cell. The cell is illuminated strongly
from the side, and viewed from above through a microscope positioned at right angles to the light
beam, so that individual smoke particles show up as tiny, bright, scattered points of light against a
dark background.

What is observed is that each bright speck does not move in a straight line or settle — it jitters
continuously, changing direction erratically and unpredictably. The explanation follows directly from
the kinetic particle model: the visible smoke particle is being bombarded, from all directions, by huge
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numbers of fast-moving, invisible air molecules every second. If the bombardment were perfectly
even from every side at every instant, the impacts would cancel out and the smoke particle would
not move at all. But because the collisions arrive from random directions at random moments, there
is, at any instant, a slight statistical imbalance of impacts from one side — this net force is enough to
push the (much larger, but still very light) smoke particle a small distance in a random direction, and
the next instant the imbalance is in a different direction, producing the observed zig-zag jitter. Robert
Brown first observed this effect in 1827 using pollen grains suspended in water and viewed under
a microscope; the same reasoning applies (water molecules bombard the pollen grain), confirming
that the phenomenon is general evidence for particles in continuous random motion, in both liquids
and gases.

Diffusion — the spreading out of one substance through another due to the random motion of
particles, without any stirring or other bulk movement — is further, independent evidence for the
same model. A drop of coloured dye placed in still water gradually spreads throughout the liquid;
a gas released in one corner of a room (e.g. the smell of perfume, or bromine gas released in a
gas jar) gradually spreads to fill the whole space. Diffusion is much faster in gases than in liquids,
because gas particles move faster (having more space and weaker attractive forces to overcome)
and are far less crowded, so they travel further between collisions. Diffusion is also faster at higher
temperature, because raising the temperature increases the average kinetic energy — and hence the
average speed — of the particles.

- GIAI THICH TIENG VIET

M6 hinh ddng hoc phan tir giai thich ba thé qua khoadng cach va luc lién két gilra cac hat: ran
(hat sat nhau, chi dao déng tai chd), Idng (hat gan nhau nhung truot qua nhau duoc), khi (hat
xa nhau, chuyén déng tu do, mat dé thap hon nhiéu). Chuyén ddng Brown 13 bang chirng gian
tiép cho thay cac phan tur khi (hodc chat 1dng) luén chuyén déng hén loan khéng ngirng: hat
khéi (ho3c hat phan hoa) du I6n dé nhin thiy, nhung bi cac phan tir khi/nuéc (qua nho dé nhin
thay) va cham khéng déu tir moi phia tai méi thoi diém, khién né chuyén dong giat I3c ngiu
nhién — ban than hat I&n khéng thé bi mét va cham don |é 1am chuyén ddng, nhung su mat
can bang cua rat nhiéu va cham déng thoi thi c6 thé. Khuéch tan nhanh hon trong chat khi
so vé&i chat léng (do hat khi chuyén déng nhanh hon va thua hon), va nhanh hon khi nhiét dé
tang (d6ng nang trung binh cda hat tang).

2.1.2 Change of State at the Particle Level

When a substance changes state, energy is transferred into or out of it, but this energy changes
the potential energy associated with the bonds (forces of attraction) between particles — not their
average kinetic energy. This is why temperature stays constant throughout a change of state (see
the heating curve in Section 2.5), even though energy is being continuously supplied or removed.

¢ Melting (solid — liquid): energy supplied is used to partially overcome the strong forces holding
particles in fixed lattice positions, giving them just enough freedom to slide past one another; the
particles’ average kinetic energy — and hence the temperature — does not change during melting.

¢ Freezing / solidification (liquid — solid): the reverse process; energy is released to the surround-
ings as particles lose enough energy to be locked into a fixed, ordered lattice by the forces of
attraction between them.

¢ Boiling and evaporation (liquid — gas): energy supplied completely overcomes the remaining
forces of attraction between particles, freeing them to move independently and fill any available
space; again, this energy changes potential energy, not average kinetic energy, at the boiling
point.

¢ Condensation (gas — liquid): the reverse of boiling/evaporation; as a gas is cooled (or com-
pressed), particles slow down enough for the attractive forces between them to pull them back
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together into the closer-packed, disordered arrangement of a liquid, releasing energy to the sur-
roundings.

. GIAI THICH TIENG VIET

Khi déi trang thai, nang lugng trao doi lam thay déi thé nang lién két gitra cac hat (pha vé hoac
hinh thanh lién két), ch&r khéng lam thay déi déng ning trung binh — vi vay nhiét dé khéng déi
trong sudt qua trinh ndng chay, déng dac, s6i hay ngung tu. Nong chay/séi can hap thu nang
lugng dé pha v lién két; dong dac/ngung tu giai phdng nang lugng khi lién két hinh thanh tré
lai.

2.1.3 Gas Pressure and the Kinetic Model

A gas exerts pressure on the walls of its container because its particles are moving rapidly and
randomly in all directions, continually colliding with the walls. Each individual collision transfers
a tiny amount of momentum to the wall, producing a minute force; but because enormous
numbers of particles strike every part of the wall every second, the combined effect of all these
impacts, spread over the wall’s area, produces a steady, measurable pressure (p = force/area).
Anything that increases the frequency or force of these collisions — more particles in the same
volume, a smaller volume for the same number of particles, or faster-moving particles (higher
temperature) — increases the pressure.

GIAI THICH TIENG VIET

Ap suat khi sinh ra do v6 s6 phan tr khi chuyén doéng hén loan va cham lién tuc vao thanh binh
chira — mdi va cham truyén mét luc rat nho, nhung téng hop hang ti va cham méi giay tao ra
ap suat do duoc. Ap suat ting khi: s& phan tir trong cung thé tich ting, thé tich giam (cung
s6 phan tl), hodc nhiét d6 ting (phan tr chuyén déng nhanh hon, va cham manh va thuong
xuyén hon).

2.2 The Gas Laws (Supplement)

(Supplement) For a fixed mass of gas:

e Boyle’s law (constant temperature): p,V; = p,V,. Compressing the gas into a smaller vol-
ume packs the same number of molecules into less space, so they strike the walls more
often — pressure rises as volume falls (pressure inversely proportional to volume).

e The pressure law (constant volume): Py _ Dz Raising the temperature increases the av-

erage kinetic energy (and speed) of the molecules; in a fixed volume, this means more fre-
quent, harder collisions with the walls, so pressure rises (pressure directly proportional to
absolute temperature).

V V ..
e Charles’ law (constant pressure): Tl = % Raising the temperature speeds up the
1 2

molecules; for the pressure to stay the same, the gas must expand — spreading the same
collision rate over a larger wall area and a longer average distance between collisions — so
volume rises with absolute temperature (volume directly proportional to absolute temper-
ature).

In every case, temperature must be measured in kelvin (an absolute scale), using T'(K) = 6(°C)+
Vi _ P Vs

273. Combining all three gives the combined gas law, T T
1 2

, valid whenever mass is

fixed and none of p, V, T is held constant.
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Absolute zero (0K = —273°C) is the (practically unreachable) temperature at which particles
would have the minimum possible kinetic energy; an ideal gas'’s pressure and volume would both fall
to zero. Because kinetic energy cannot be negative, the Kelvin scale has no negative values — this
is why it is the correct scale for all gas-law calculations, and why average particle kinetic energy is
directly proportional to kelvin (not Celsius) temperature.

p (kPa)
400 t

300 |
200

100 +

: : : — ¥ (cm?)
100 200 300 400

p-V graph for a fixed mass of gas at constant temperature (Boyle's law): pressure is inversely proportional to volume,
giving a hyperbola (pV = constant). The marked points correspond to Worked Example 1 below: 100 kPa at 300 cm?,
and 200 kPa at 150 cm®.

Vidu 1 - Boyle’s law - finding the new pressure

(Supplement) A gas at pressure 100 kPa occupies 300 cm3. At constant temperature it is com-
pressed to 150 cm®. Find the new pressure.

vV, (100)(300
p1V1:p2V2:>p2:p%/1:( 1)5(0 ) _[200KPal.
2

Vi du 2 - Boyle's law - finding the new volume

(Supplement) A gas at pressure 250 kPa occupies 180 cm?. At constant temperature, it is al-
lowed to expand until its pressure falls to 150 kPa. Find the new volume.

V, 250)(180 45000
p1V1:p2V2:>V2:p1 L = ( 1>5(0 ) = 150 :-

Do

I '

Vidu 3 : Charles’ law

(Supplement) A balloon has a volume of 800 cm?® at 27°C, at constant (atmospheric) pressure.
Find its volume after it is warmed to 87°C.

Convert to kelvin: T} = 27 + 273 = 300K; T, = 87 + 273 = 360 K.

Vi V. T. 360
L= 2= V,=V; x =2 =800 x — =|960cm® |
T, T, T, 300
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p (kPa)
300 ¢

200 ------=-m--mmmmm oo

100 ¢

100 200 300 400

Pressure-temperature graph for a fixed mass of gas at constant volume: a straight line through the origin when T is
measured in kelvin — pressure is directly proportional to absolute (kelvin) temperature.

Vidu 4 - The pressure law

(Supplement) A fixed mass of gas in a sealed, rigid container has a pressure of 200 kPa at 27 °C.
Find its pressure when heated (at constant volume) to 127 °C.

T, =27+273 =300K; T, = 127 4+ 273 = 400 K.
b1 _ P2

T: 400
=22 = py=p; X 7 =200 X — =|266.7kPa|
T T 300
Vi du 4b - Combined gas law

(Supplement) A fixed mass of gas occupies 600 cm? at a pressure of 100 kPa and a temperature
of 27°C. It is heated and compressed until its pressure becomes 150 kPa and its temperature
. . V V.
becomes 87°C. Using the combined gas law p} L — p; 2 find the new volume.
1 2
T, =27+ 273 = 300K; T, = 87 + 273 = 360 K.

Vi Vs p, VT,  (100)(600)(360) 21600000 3
= V, = — = — 480 .
T T, V2 T,p, (300)(150) 45000

GIAI THICH TIENG VIET
Dinh luat khi két hop p}vl - p;VZ 4p dung khi ca ba dai luvong p, V, T déu thay déi dong thdi
(khéi lugng khi khéng dgi) — déi/ |3 dang téng quat chlra ca ba dinh luat Boyle, dinh luat ap
suat va dinh luat Charles nhu nhirng trudng hop riéng (khi mot dai luvgng duoc gitr khong déi).
Ludn déi nhiét do sang Kelvin trudce khi thay sé vao cong thirc.

Vi du 5 - Kelvin - Celsius conversion

Convert (a) the boiling point of water, 100°C, to kelvin; (b) the boiling point of liquid nitrogen,
77K, to Celsius.

(@ T =0+273 =100+ 273 =|373K|.

(b)) =T —273=T77—-273=|—196°C|.

Vi du 6 - Explaining gas pressure using kinetic theory

Use the kinetic particle model to explain why the pressure of a fixed mass of gas, held at
constant volume, increases when the gas is heated.
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Heating the gas increases the average kinetic energy of its molecules, so their average speed
increases. Faster molecules hit the container walls (a) more frequently (they cross the fixed
volume and return to the wall in less time) and (b) with greater force per collision (a larger
momentum change per impact, since momentum = muwv). Since the wall area is unchanged
(constant volume), both effects increase the total force per unit area on the walls — that is, the
pressure increases.

(1) L6i thuwong gap: When using any gas-law equation, temperature must be substituted in
kelvin, never in Celsius — a common error is to forget the +273 conversion, or to apply it with
the wrong sign (remember T'(K) = 6(°C) + 273, so kelvin is always larger than the Celsius
value, and kelvin temperatures are never negative). Only p and V' may be used directly in
°C-free everyday units (kPa, cm?, etc.) — it is only 7" that must be absolute.

- GIAI THICH TIENG VIET

Ba dinh luat khi (khi khéi lugng khi khéng d6i): dinh luat Boyle (p,V; = p,V,, nhiét do khong
d6i — thé tich giam thi ap suat tang); dinh luat ap suat (p, /T, = p, /Ty, thé tich khéng d6i —
nhiét dé tang thi ap suit tang); dinh luat Charles (V; /T, = V,/T,, ap suat khong déi — nhiét do
tang thi thé tich tang). Ca ba déu giai thich dugc bang thuyét déng hoc phan tir: nhiét do ting
= dong nang trung binh cla hat tdng = va cham vé&i thanh binh nhanh va manh hon. Luén
d6i nhiét dé sang Kelvin (T'(K) = §(°C) + 273) trudce khi thay vao cong thirc, vi cac cong thirc
nay chi ding véi thang nhiét do tuyét d6i — khong am bao gio.

2.3 Thermal Expansion

Most solids, liquids and gases expand when heated, and contract when cooled. At the particle level,
the particles themselves do not get bigger — instead, heating increases the amplitude of vibration of
particles in a solid, or the average separation between particles in a liquid or gas, so that the same
number of particles occupies a larger volume. Gases expand far more than liquids for the same rise
in temperature, and liquids expand more than solids, because the forces of attraction holding gas
particles together are weakest (allowing the greatest increase in separation), while the strong, rigid
bonds in a solid allow only a small increase in vibration amplitude.

metal B | I @
metal A | |

heated: bends toward metal A

A bimetallic strip: two different metals bonded together expand by different amounts for the same temperature rise
(here, metal B expands more than metal A), so the strip bends toward the metal that expands less — used in thermostats
and some fire alarms.

Applications of thermal expansion:

e Expansion gaps are left between sections of bridges, railway tracks, and concrete pavements,
so that the material can expand freely in hot weather without buckling or cracking under the
enormous forces that would otherwise build up.

¢ A bimetallic strip (two different metals bonded together) bends when heated, because the two
metals expand by different amounts for the same temperature rise; this bending can open or
close an electrical contact, and is used inside thermostats (to switch a heater or cooling system
on/off automatically at a set temperature) and in some fire alarms.
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¢ A liquid-in-glass thermometer relies on a liquid (traditionally mercury, or a coloured alcohol) ex-
panding predictably up a narrow capillary tube as its temperature rises. A thin-walled bulb with a
large surface area lets heat conduct into (or out of) the liquid quickly, giving a fast response time; a
narrow capillary tube means a small volume expansion produces a long, easily-read movement of
the liquid column, giving good sensitivity; and a liquid with a large expansion per degree similarly
increases the sensitivity of the scale.

. GIAI THICH TIENG VIET

Hau hét vat chat gian nd khi néng |én vi cac hat dao ddng manh hon (ran) ho3c cach xa nhau
hon (16ng, khi), chir ban than hat khdng to ra; khi gian nd nhiéu nhat, réi dén léng, roi dén ran
(do luc lién két gitra cac hat khi yéu nhat). Bang kép (bimetallic strip) gdm hai kim loai gian
n& khac nhau ghép véi nhau nén uén cong khi nhiét do thay déi — dung trong bd diéu nhiét
(thermostat) dé tu dong déng/ngat mach dién. Khe gian n& trén cau va dudng ray gilp tranh
cong vénh, nirt gay khi troi ndng. Nhiét ké thuy ngan/cén nhay hon khi bau chira méng, dién
tich I6n (dan nhiét nhanh) va 6ng mao dan hep (dé dich chuyén I6n cho méi do).

2.4 Temperature, Heat and Internal Energy

It is essential to distinguish three related but different ideas. Temperature is a measure of how hot
or cold something is, on a chosen numerical scale (Celsius or kelvin) — physically, it measures the
average kinetic energy of the particles in a substance. Internal energy is the total energy (the sum of
the kinetic energies of all the particles, due to their random motion, plus the potential energies of all
the particles, due to the forces of attraction/repulsion between them) stored within an object — it
depends on the object’s temperature, its state, and also on how much substance is present (its mass).
Heat (or thermal energy transferred, often written Q) is energy that flows from a hotter region to a
cooler region because of a temperature difference; once transferred, it becomes part of the internal
energy of the substance that receives it.

A useful example of the difference between temperature and internal energy: a small cup of tea
at 90 °C and a large bathtub of water at the same 90 °C have the same temperature (the water particles
in each have the same average kinetic energy) — but the bathtub, having far more mass, has a much
greater internal energy, and would need far more energy input to reach that temperature, and would
release far more energy while cooling back down to room temperature.

. GIAI THICH TIENG VIET

Nhiét dé do déng nang trung binh ctia cac hat (mét con sé trén thang do). Noi nang |a téng
dong nang va thé nang cua toan bd cac hat trong vat — phu thudc ca khéi luvgng, khong chi
nhiét d6. Nhiét (nang lugng nhiét truyén di, Q) 1a nang lugng chuyén tir noi ndng sang naoi
lanh do chénh Iéch nhiét do. Vi du: mot tach tra va mét bon tdm day nudc cung & 90°C cb
cung nhiét dé, nhung bén tam cé ndi nang I&n hon nhiéu vi khéi lugng nudce |6n hon.

2.5 Specific Heat Capacity and Thermal Capacity

Specific heat capacity c is the energy needed to raise the temperature of 1 kg of a substance
by 1°C (or 1K); it is a property of the material, independent of how much of it is present.

Q = mcAf

where Q) is the energy transferred (J), m is the mass (kg), c is the specific heat capacity (J/(kg °C)),
and A is the temperature change (°C). Water has an unusually high specific heat capacity,
¢ = 4200J/(kg°C) — this is why large bodies of water heat up and cool down much more
slowly than land for the same energy exchange, moderating the climate of coastal regions.
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Measuring specific heat capacity (electrical method): a known mass m of the substance is heated
by an electrical heater of known power (or using a joulemeter to record energy supplied directly),
while a thermometer records the temperature rise. For a solid (e.g. a metal block), the block has two
holes drilled into it — one for the heater, one for the thermometer — and is wrapped in insulation
(lagging) to reduce energy loss to the surroundings. For a liquid, a known mass is placed in an insu-
lated container (to minimise heat loss) with an immersion heater and a thermometer, and the liquid
is stirred gently and continuously so that its temperature is uniform throughout. In both cases, the
ammeter, voltmeter and a stopwatch (or a joulemeter) give the electrical energy supplied, £ = IVt;
recording the initial and final steady temperatures gives A6, and then

B
mAg’

Precautions include using good insulation (to reduce energy losses to the surroundings, which would
make the measured c too large), stirring liquids for a uniform temperature, and — for higher precision
— accounting for the (usually much smaller) heat capacity of the container itself.

Vi du 7 - Heating with specific heat capacity

Find the energy needed to heat 2.0 kg of water from 20°C to 80°C (¢ = 4200J/(kg°C)).
Q = meAf = (2.0)(4200)(60) = | 504000 ) = 504 kJ |

Vi du 8 - Solving for an unknown mass

An electrical heater supplies 336 kJ of energy to a quantity of water, raising its temperature
from 15°C to 95°C. Find the mass of water heated (¢ = 4200J/(kg°C)).
Q 336000 336000

= = =[1.0kg|
cAG ~ (4200)(80) 336000

CcC =

Q =mcAb = m =

Thermal capacity (sometimes called heat capacity) C = mec is the energy needed to raise the
temperature of a particular object (of mass m, made of a material of specific heat capacity c)
by 1°C: Q = C'Af. Unlike specific heat capacity, thermal capacity is not a fixed property of a
material — it depends on how much of the material is present (its mass), so two different-sized
blocks of the same metal have the same ¢ but different thermal capacities C.

Vidu 9 - Thermal capacity

A copper block has a mass of 2.5 kg; the specific heat capacity of copper is 390J/(kg°C). Find
(a) the thermal capacity of the block, (b) the energy needed to raise its temperature by 15°C.

(@) ¢ = me = (2.5)(390) = |975J/°C|.

(b) Q = CAG = (975)(15) = | 14625 ) ~ 14.6kJ |

(1) L6i thuong gap: Do not confuse specific heat capacity (c, in J/(kg°C), a property of the
material only) with thermal capacity (C = mec, in J/°C, a property of one particular object,
which depends on its mass). A large block and a small block of the same metal have the same
c but different C' — the larger block needs more total energy for the same temperature rise.

2.5.1 The Method of Mixtures

The method of mixtures finds an unknown quantity (a final equilibrium temperature, or an unknown
specific heat capacity) by equating the energy lost by a hotter substance to the energy gained by a
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cooler one, when the two are mixed in an insulated container with no energy lost to the surroundings:
energy lost by hotter substance = energy gained by cooler substance.

For each substance, A9 must be calculated so that it comes out positive — for the hotter substance,
A@ = (initial temperature — final temperature); for the cooler substance, A = (final temperature —
initial temperature). A useful check is that the calculated final temperature must always lie between
the two starting temperatures.

Vi du 10 - Mixing two masses of water at different temperatures

200 g of water at 80°C is mixed with 300 g of water at 20°C in an insulated container. Find the
final temperature.

Energy lost by hot water = energy gained by cool water (same substance, so ¢ cancels):

(0.200)(4200)(80 — 6) = (0.300)(4200)(6 — 20).

Dividing both sides by 4200: 0.200(80 — 6) = 0.300(# — 20) = 16 — 0.2006 = 0.3006 — 6.0.
22 = 0.5000 = 0 = [44°C]|,

Vi du 10b - Mixing water with a larger mass difference

250 g of water at 85°C is mixed with 750 g of water at 15°C in an insulated container. Find the
final temperature.

Energy lost by hot water = energy gained by cool water (same substance, so ¢ cancels):
(0.250)(85 — 6) = (0.750) (0 — 15).

21.25 — 0.2500 = 0.7500 — 11.25 = 32.5 = 1.000 = 0 =|32.5°C|.

Vi du 11 - Finding an unknown specific heat capacity

A 0.20kg block of metal at 100°C is dropped into 0.50 kg of water at 20°C in an insulated
calorimeter. The final steady temperature is 25°C. Find the specific heat capacity of the metal.

Energy lost by metal = energy gained by water:

(0.20)(Cppera) (100 — 25) = (0.50)(4200)(25 — 20)

15 Creta) = 10500 = ¢pera = | 700J/(kg"C) |

- GIAI THICH TIENG VIET

Nhiét dung riéng c (J/(kg-°C)) la nang lugng can dé 1dam nong 1 kg chat dé 1én 1°C — thudc tinh
cta vat liéu. Nhiét dung C = mec (J/°C) 1a ndng lvong can cho ca mét vat cu thé ting 1°C —
phu thudc khéi lugng, khéng phai chi vat liéu; dirng nham Ian hai dai lugng ndy. Nuéc cé ¢
rat I&dn nén hap thu/toa nhiét cham, giai thich vi sao bién diéu hoa khi hiu ven bién. Phuong
phap hén hop: nhiét lvong vat néng tda ra = nhiét lugng vat lanh thu vao (khéng hao phi ra
moi trudng) — céng cu dé tim nhiét dé can bang hodc nhiét dung riéng chua biét; ludn kiém
tra nhiét do cudi phai nam giira hai nhiét d6 ban dau.
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2.5.2 Determining Specific Heat Capacity by Electrical Heating: Experimental Detail (Supplement)

thermometer

stirfer

v immefsion heater

insulated (lagged) container

Apparatus for measuring the specific heat capacity of a liquid by electrical heating: a known mass of liquid in an
insulated (lagged) container, heated by an immersion heater of known electrical power (via an ammeter, voltmeter and
stopwatch, or directly via a joulemeter), with a thermometer and stirrer used to obtain a uniform, accurately measured

temperature rise.

(Supplement) A more detailed version of the electrical method pays close attention to the ap-
paratus and to correcting for energy losses. The electrical energy supplied can be measured in two
equivalent ways: (i) an ammeter (in series with the heater) and a voltmeter (in parallel across the
heater), read together with a stopwatch, giving £ = I'Vt; or (ii) a joulemeter, which is wired in series
with the heater and displays the total electrical energy supplied directly, removing the need to read
current and voltage separately (and reducing errors if the supply voltage or current drifts slightly
during the experiment). For a solid, the block is usually a large regular cylinder or cube with two
holes drilled into it (one snugly fitting the heater, one for the thermometer, often with a smear of oil
to improve thermal contact) and the block is wrapped in an insulating jacket. For a liquid, the immer-
sion heater and thermometer sit directly in a known mass of the liquid inside an insulated container,
and the liquid is stirred continuously and gently throughout heating, so that the thermometer reads
a temperature that is uniform throughout the liquid rather than just the temperature near the heater.

Even with good lagging, some energy is always lost to the surroundings (through the lagging
itself, and by evaporation from an open liquid surface), so the measured temperature rise is always
slightly smaller than it would be if all the electrical energy went into the substance being heated. Two
common ways of reducing the effect of this error are: (a) using efficient insulation and carrying out
the heating as quickly as possible (a high-power heater, so that the experiment finishes before much
energy has had time to leak away); and (b) applying a cooling correction — starting the experiment a
few degrees below room temperature and finishing a few degrees above it, so that the (small) energy
lost to the surroundings while the substance is cooler than room temperature is roughly cancelled
out by the (small) energy gained from the surroundings during that stage, and vice versa once the
substance is hotter than room temperature.

Vi du 11b - Specific heat capacity from experimental data

(Supplement) In an experiment to find the specific heat capacity of an oil, 0.30 kg of the oil is
placed in an insulated container and heated by an electrical immersion heater. The ammeter
reads 3.0 A, the voltmeter reads 10V, and the heater is switched on for 400 s. The oil’s temper-
ature rises from 18°C to 38°C. Assuming no heat losses, calculate the specific heat capacity of
the oil.

Electrical energy supplied: £ = IVt = (3.0)(10)(400) = 12000 J.
Temperature rise: Af = 38 — 18 = 20°C.

E 12000 12000
et = = = 2 k ° .
“T A6 T (0.30)(20) 6.0 000)/(ke"C)
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(1) L&6i thueng gap: When calculating specific heat capacity from electrical heating data, failing
to insulate the container well (or failing to correct for heat lost to the surroundings) makes
the measured temperature rise smaller than it would be with no losses. Since ¢ = E/(mA#f),
a smaller measured A# for the same supplied energy E makes the calculated specific heat
capacity come out too large — this is a systematic error, not a random one, so repeating the
reading does not remove it. Good lagging, gentle continuous stirring, a high heater power (to
finish quickly), and — for the most accurate work — a cooling correction are all used to reduce
this error.

- GIAI THICH TIENG VIET

Phuong phap gia nhiét bang dién c6 thé dung joulemeter (do truc ti€p ndng luong E) hodc
ampe ké + von ké + dong ho bam gio (£ = IVt). Cach nhiét tot (boc I6p cach nhiét) va khuay
déu lién tuc 1a bat budc dé nhiét dé do duwoc dong déu va dé gidm that thoat nhiét ra méi trudng
— néu that thoat nhiéu, nhiét dé do duoc ting it hon thuc té, khién ¢ tinh dugc I6n hon gia
tri that (sai s6 hé théng, khéng gidm duoc bang cach do lai). Ky thuat stra sai (correction) nhu
bat dau dudi nhiét dé phong va két thic trén nhiét dd6 phong mét lugng bang nhau gitip phan
nhiét mat trudc va sau bu trir cho nhau.

2.6 Change of State: Latent Heat, Boiling and Evaporation

boiling

temperature (°C)

100 + .
melting

time

Heating curve for a pure substance (e.g. ice — water — steam): temperature is constant during melting and boiling,
because the supplied energy changes the particles’ potential energy (bonds), not their average kinetic energy. The slopes
before, between and after the flat sections are generally different, since ice, water and steam each have different specific

heat capacities.

Specific latent heat L is the energy needed to change the state of 1kg of a substance, at
constant temperature (no temperature change, because this energy changes potential energy
between particles, not kinetic energy):

Q =mL.

The specific latent heat of fusion applies to melting/freezing (solid < liquid); the specific latent
heat of vaporisation applies to boiling/condensation (liquid <+ gas), and for a given substance is
always considerably larger than the latent heat of fusion, since separating particles completely
(to form a gas) requires overcoming far more of the attractive force than merely loosening a
solid lattice into a liquid.
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(1) L6i thueng gap: A common misconception is that a substance’s temperature keeps rising
as long as you keep heating it. In fact, while a substance is changing state (melting or boiling),
its temperature remains constant, no matter how much extra energy is supplied — the ther-
mometer reading only starts changing again once the change of state is complete (e.g. once all
the ice has melted, or all the liquid has boiled away).

Substance c(J/(kg°Q)) Leysion (I/K8)  Lyaporisation (J/K8)
Water / Ice 4200 (water), 2100 (ice) 334000 2260000
Aluminium 900 397000 —
Copper 390 205000 —

Lead 130 23000 —

(Supplement) Approximate specific heat capacities and specific latent heats of fusion of some common substances. Only
the values for water/ice (¢, Liysion» Lvaporisation) @re required data for Cambridge IGCSE Physics; the other rows are given
for comparison only.

Vidu 12 - Latent heat of fusion

Find the energy needed to melt 0.50kg of ice at 0°C (specific latent heat of fusion L =
334000 J /kg).

Q = mL = (0.50)(334000) = | 167000J = 167kJ |

Vi du 13 - Latent heat of vaporisation (condensation)

Find the energy released when 0.40 kg of steam at 100°C condenses completely into water at
100°C (specific latent heat of vaporisation L = 2260000 J/kg).

Q = mL = (0.40)(2260000) = \ 904000 J = 904 kJ \ (released to the surroundings).

Vi du 14 - Combined heating and change of state (multi-step)

(Supplement) Find the total energy needed to convert 0.20 kg of ice at —10°C completely into
steam at 100°C. For this problem, take the specific heat capacity of ice = 2100 J/(kg°C), cyater =
4200J/(kg°C), Leysion = 334000J /kg, Lyaporisation = 2260000 J/kg.

Stage 1 — heat ice from —10°C to 0°C:

Q, = mce A0 = (0.20)(2100)(10) = 4200 J.

Stage 2 — melt the ice at constant 0°C:

Q4 = mLggon = (0.20)(334000) = 66800 J.

Stage 3 — heat the water from 0°C to 100°C:

Qs = MCyarer A0 = (0.20)(4200)(100) = 84000 J.

Stage 4 — boil the water at constant 100°C:

Q4 = MLuyaporisation = (0.20)(2260000) = 452000 J.

Total: Q = Q, + Q, + Qs + Q, = 4200 + 66800 + 84000 -+ 452000 = | 607000 J = 607 kJ |

Vi du 14b - Heating a solid to its melting point, then melting it

Find the total energy needed to warm 0.40 kg of ice from —8°C up to 0°C, and then melt it
completely at 0°C. (Specific heat capacity of ice = 2100 J/(kg°C); specific latent heat of fusion
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of ice L = 334000 J/kg.)

Stage 1 — warm the ice from —8°C to 0°C (temperature rises; ice remains solid):

Q, = meie A8 = (0.40)(2100)(8) = 6720 J.

Stage 2 — melt the ice completely at constant 0°C (temperature does not change while melt-
ing):

Q, = mL = (0.40)(334000) = 133600 J.

Total: Q = Q, + Q, = 6720 + 133600 = | 140320J ~ 140.3kJ|.

Vi du 15 - Power, energy and time for an electric heater

A 2.5 kW immersion heater raises the temperature of 5.0 kg of water from 15°C to 90°C. As-
suming no heat losses, find the time taken.

Q = mcAf = (5.0)(4200)(75) = 1575000 J.
@ _ 1575000 _ (6305 = 10.5 min |,

_Q _
P=4=t=5= 350

2.6.1 Evaporation versus Boiling

Although both involve a liquid turning into a gas, evaporation and boiling are physically distinct
processes. Evaporation occurs at any temperature, only at the liquid’s free surface, and happens
because a small fraction of particles near the surface, at any moment, happen to have enough kinetic
energy to escape the attractive forces of their neighbours and leave the liquid — this occurs gradually
and continuously, without bubbles. Because it is the fastest, highest-energy particles that escape
first, evaporation cools the liquid left behind: removing high-energy particles lowers the average
kinetic energy (and hence the temperature) of the remaining liquid. Boiling, in contrast, occurs at
one fixed temperature (the boiling point, for a given pressure) and takes place throughout the entire
volume of the liquid at once — bubbles of vapour form inside the liquid (not just at the surface) and
rise to escape; boiling does not, by itself, change the liquid’s temperature (it stays at the boiling point
throughout).

The rate of evaporation increases with: (i) higher temperature (more particles have enough
energy to escape); (ii) larger surface area (more particles are exposed at the surface, where
escape is possible); (iii) a draught / air movement across the surface (moving air sweeps away
escaping vapour particles before they can return to the liquid, keeping the local vapour concen-
tration low); (iv) lower humidity (a lower concentration of vapour already in the surrounding
air means fewer returning particles, so net evaporation is faster).

(') L6i thuong gip: Do not confuse boiling with evaporation. Boiling happens at one fixed
temperature, throughout the whole volume of the liquid, with visible bubbles; evaporation
happens at any temperature, only at the liquid’s surface, with no bubbles, and (unlike boiling)
it noticeably cools the remaining liquid.

GIAI THICH TIENG VIET
Bay haoi xay ra & moi nhiét d, chi tai bé mat chat long, va lam lanh di phan chat long con lai
(cAc hat nhanh nhat, nang luong cao nhat thoat ra trudc, lam gidm dong nang trung binh cla
phan con lai). S6i xay ra & mdt nhiét dé cé dinh, trong toan bé thé tich chat 1dng (cé bot khi),
va ban than su s6i khéng 1am thay dai nhiét dé. Téc dd bay hoi tang khi: nhiét d6é cao hon,
dién tich bé mat I&n hon, co gid/ludng khi théi qua, va dé am khong khi thap hon. Trong qua
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trinh d&i trang thai, nhiét dé khéng d&i du van cung cap nhiét lién tuc; bai toan nhiéu giai doan
phai cong nang luvong cla tirng giai doan riéng biét.

2.7 Transfer of Thermal Energy: Conduction, Convection and Radiation

Khai niém cét 16i

Conduction is the transfer of thermal energy through a material by particle-to-particle con-
tact, without the material as a whole moving. In all solids, more energetic (faster-vibrating)
particles pass on some of their kinetic energy to neighbouring particles through the bonds be-
tween them. In metals, conduction is much faster because metals also contain a "sea” of free
(delocalised) electrons, which can move quickly throughout the metal, carrying kinetic energy
far more efficiently than vibration alone — this is why metals are good thermal conductors,
while non-metals, wood, plastic, and gases (which lack both a rigid lattice and free electrons)
are poor conductors (good insulators).

Convection is the transfer of thermal energy through a fluid (a liquid or a gas) by the bulk
movement of the fluid itself. When part of a fluid is heated, it expands, becomes less dense
than the surrounding cooler fluid, and rises; cooler, denser fluid then sinks to take its place,
setting up a continuous circulation called a convection current. Convection cannot occur in
solids, because the particles are fixed in position (they can only vibrate, not flow past one
another in bulk).

Radiation (specifically infrared radiation) is the transfer of thermal energy by electromagnetic
waves. Unlike conduction and convection, radiation requires no medium at all — it can travel
through a vacuum (this is how the Sun’s energy reaches the Earth). All objects continuously
emit and absorb infrared radiation; dark, matte (dull) surfaces are much better emitters and
absorbers of infrared radiation than light-coloured, shiny (polished) surfaces, which instead
reflect most incident radiation and are poor emitters.

Mechanism Medium needed? Mechanism of transfer
Conduction Solid (best); some in lig- Vibrating particles / free (de-
uids/gases localised) electrons pass en-
ergy to neighbours
Convection Fluid only (liquid or gas); Bulk movement of heated,
none in solids less-dense fluid rising, re-
placed by cooler, denser fluid
sinking
Radiation None — travels through a Emission/absorption of in-
vacuum frared electromagnetic waves

Summary of the three heat-transfer mechanisms and the conditions required for each.

water

A~ A
\>r|—\</

heater
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Convection current in a beaker of water heated from below: water directly above the heater is warmed, expands,
becomes less dense, and rises; it cools and sinks at the sides (becoming denser again), and is replaced by more rising
warm water from the centre, forming a continuous circulating current.

2.7.1 Everyday Applications

e Vacuum flask (thermos): reduces energy loss/gain by all three mechanisms at once — the vacuum
between its double glass walls contains no particles, so it prevents conduction and convection;
its silvered (shiny) inner surfaces reflect radiant heat back into the flask, reducing radiative loss;
and its plastic stopper is both a poor conductor and prevents convection currents of air escaping
at the top.

¢ House insulation: cavity wall insulation fills the gap between a house’s inner and outer walls with
foam or fibre, trapping pockets of air (a poor conductor) and reducing heat loss by conduction and
convection through the wall. Loft (attic) insulation — a thick layer of fibreglass or mineral wool
laid across the ceiling space — works the same way, since hot air rising by convection inside a
house would otherwise carry a great deal of energy up and out through an uninsulated roof.

¢ Cooling fins (e.g. on a motorcycle or car engine, or on a computer’s heat sink) are thin metal fins
with a large surface area attached to a hot component; the large surface area increases the rate of
heat loss both by convection (more surface in contact with moving air) and by radiation, keeping
the component cool.

¢ Solar water heaters use panels painted matte black, facing the Sun, to absorb as much incoming
solar (infrared and visible) radiation as possible and convert it into thermal energy, heating water
flowing through pipes inside the panel.

e Household radiators are often painted a dark, matte colour (though — despite the name — they
lose most of their heat to a room by convection: air warmed at the radiator’s surface rises, circu-
lates around the room, and is replaced by cooler air sinking back down to the radiator).

¢ Land and sea breezes: on a sunny day, land warms up faster than the sea (land has a much lower
effective heat capacity for the same energy input); air above the land warms, expands, and rises,
while cooler, denser air flows in from over the sea to replace it — felt at ground level as a cool
sea breeze. At night, the land cools faster than the sea, and the circulation reverses, producing a
land breeze blowing out to sea.

(') L6i thueng gdp: Do not describe a vacuum flask as working by only ”"stopping heat from
escaping” through a single mechanism. It must be described in terms of all three — the vac-
uum stops conduction and convection, while the silvering reduces radiation, and the stopper
reduces conduction/convection through the top.

Substance c(J/(kg°C)) Melting point (°C) Boiling point (°C)
Water 4200 0 100
Copper 390 1085 2560
Aluminium 900 660 2470

Iron 450 1540 2860
Ethanol (alcohol) 2500 —114 78

Approximate specific heat capacities and melting/boiling points of some common substances, for comparison. Water’s
unusually high ¢ and its wide liquid range (0-100 °C) make it especially useful for temperature regulation and as a
coolant.
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ENGLISH

GIAI THICH TIENG VIET

Dan nhiét can cac hat tiép xuc truc tiép (6t nhat trong kim loai nh& “bién” electron tu do); d6i
lwru can chat luu di chuyén duoc (chi xay ra trong 16ng/khi, do chat luu néng gian na, giam khoi
lugng riéng, roi néi 1én — khdng xay ra trong chat ran); birc xa 1a song dién tir (héng ngoai) nén
truyén duoc ca trong chan khéng. Bé mat den xin hap thu/phat xa nhiét tét hon bé mit sang
béng, von phan xa nhiét tét haon. Binh gilr nhiét chéng ca ba co ché cung luc: chan khong (chan
dan nhiét & déi luu), 16p bac (chan birc xa), nit nhua (dan nhiét kém). Cach nhiét tuong/mai
nha gilr lai I&p khéng khi dan nhiét kém. Gié bién hinh thanh do dat néng I1én nhanh hon bién
vao ban ngay, tao dong dai luu.

2.7.2 Comparing Thermal Conductivities of Different Materials

Different materials conduct thermal energy at very different rates. Metals are the best conductors,
because of their free (delocalised) electrons, which move quickly through the whole metal and carry
kinetic energy far more effectively than particle vibration alone. Non-metallic solids such as wood,
brick, glass and plastic conduct much more slowly, since they must rely only on the (much slower)
transfer of vibration from particle to particle. Gases, such as air, are the poorest conductors of all,
because their particles are far apart and collide with each other only occasionally. This is precisely
why insulating materials such as wool, fibreglass and expanded polystyrene foam work well: they are
not, in themselves, unusually poor conductors as solids — instead, their fibrous or foamed structure
traps many small pockets of still air, and it is this trapped air (a very poor conductor, and too finely
divided for convection currents to form within it) that does most of the insulating.

Material Approx. & (W/(mK)) Category

Copper 400 metal - excellent conductor

Aluminium 240 metal - very good conductor

Steel / iron 50 metal - good conductor

Glass 1.0 non-metal solid - poor conductor

Water 0.6 liguid - poor conductor (relies mainly on convection)
Wood 0.15 non-metal solid - good insulator

Expanded polystyrene foam 0.03 trapped-air insulator - excellent insulator

Air (still, not moving) 0.025 gas - best insulator of these

(Supplement) Approximate thermal conductivity values for common materials, illustrating the huge range involved:
copper conducts roughly 400,/0.025 = 16000 times faster than still air, and about 400 times faster than wood.

Vi du 15b - Comparing window constructions

(Supplement) A single-glazed window consists of one 4 mm pane of glass. A double-glazed
window of the same overall size instead uses two 4 mm panes of glass separated by a sealed
12mm gap of trapped, still air. Explain, using thermal conductivity, why the double-glazed
window loses heat from a warm room much more slowly than the single-glazed window.

In the single-glazed window, heat is conducted through only 4 mm of glass (k ~ 1.0 W/(m.K)).
In the double-glazed window, heat must additionally cross a 12 mm layer of trapped air (k ~
0.025 W/(m.K), about 40 times poorer a conductor than glass) — and because the sealed gap is
narrow, convection currents cannot circulate strongly within it, so this air layer transfers heat
almost entirely by (very slow) conduction rather than by convection. Since most of the total
thickness crossed by the double-glazed window is occupied by this very poor conductor, far
less thermal energy per second is conducted through it than through the single sheet of glass,
even though slightly more glass is used overall.
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GIAI THICH TIENG VIET

Kim loai dan nhiét t6t nhat nho “bién” electron tu do; chat ran phi kim (g6, gach, kinh, nhua)
dan nhiét kém hon nhiéu vi chi truyén nang lugng qua dao déng cua hat; khi (nhu khéng khi)
dan nhiét kém nhat vi cac hat cach xa nhau, it va cham. VAt liéu cach nhiét (len, sgi thay tinh,
x0p polystyrene) hoat déng ch yéu bang cach gitr lai cac tui khi nhoé dirng yén bén trong ciu
trac x8p/soi ctia ching, chr ban than soi vat liéu khéng nhat thiét dan nhiét kém hon cac chat
ran khac. Ctra sé hai I6p kinh cach nhiét t6t hon clra mot 16p vi I6p khong khi kep & gitra (dan
nhiét rat kém, va qua hep dé déi luu manh hinh thanh) chi€ém phan I6n bé day ma nhiét phai
di qua.

2.8 Practice Problems

Bai tap luyén tap

(Supplement) A fixed mass of gas at pressure 150 kPa occupies 400 cm®. At constant temper-
ature it is compressed to 240 cm®. Find the new pressure.

(A) 250kPa (C) 225kPa
(B) 200 kPa (D) 300 kPa

Loi giai chi tiét

150)(400 60000
Vi =poVo = py = ( 2)4(0 ) = 210 250kPa |. (A).

-

Bai tap luyén tap

A 1.5 kg metal block (¢ = 900J/(kg°C)) is heated from 25°C to 145°C by a 300 W electric heater.
Find (a) the energy required, (b) the time taken (assume no losses).

Loi giai chi tiét
(a) Q = meAf = (1.5)(900)(120) = 162000J.

(b) ¢ — & — 162000 _ 15405 = 9.0 min |

P 300

Bai tap luyén tap

Find the energy needed to convert 0.20 kg of water at 100°C completely into steam at 100°C
(specific latent heat of vaporisation L = 2260000 J/kg).

Loi giai chi tiét

Q = mL = (0.20)(2260000) = |452000J = 452kJ |

Bai tap luyén tap

A vacuum flask has double glass walls with a vacuum between them, silvered (shiny) inner
surfaces, and a plastic stopper. Explain how each feature reduces heat loss.
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Loi giai chi tiét

Vacuum: contains no particles, so it cannot transfer energy by conduction or convection. Sil-
vered surfaces: reflect infrared radiation back into the flask (shiny surfaces are poor emitter-
s/absorbers, good reflectors), reducing radiative loss. Plastic stopper: a poor thermal con-
ductor, reducing conduction loss through the top, and also stops convection currents of air
escaping.

Bai tap luyén tap

(Supplement) A fixed mass of gas at 17°C has a pressure of 180 kPa in a sealed rigid container.
Find its pressure at 77°C.

(A) 198kPa (C) 180kPa
(B) 217.2kPa (D) 240kPa

Lai giai chi tiét

T 350
Ty =17+273 = 200K, T, = 77 + 273 = 350K. p, =p; 7> = 180 x 700 =|217.2kPa] (B).
1

-

Bai tap luyén tap

Convert (a) 40°C to kelvin, (b) 310K to °C.

Loi giai chi tiet

(a) T =40 4 273 = [313K]. (b)§ =310 — 273 = (approximately human body tempera-

ture).

-

Bai tap luyén tap

100 g of water at 90°C is mixed with 400 g of water at 10°C. Find the final temperature.

(A) 26°C (C) 40°C
(B) 32°C (D) 50°C

Loi giai chi tiet

-

(0.100)(90—6) = (0.400)(6—10) = 9.0—0.1000 = 0.4000—4.0 = 13.0 = 0.5000 = 0 = [26°C|.
(A).

Bai tap luyén tap

A 0.30 kg block of metal at 150°C is dropped into 0.40 kg of water at 18°C. The mixture reaches
a final temperature of 30°C. Find the specific heat capacity of the metal.

Lai giai chi tiét

Energy gained by water = (0.40)(4200)(30 — 18) = (0.40)(4200)(12) = 20160 J.
This equals energy lost by metal: (0.30)(c)(150 — 30) = (0.30)(¢)(120) = 36e¢.
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36¢ = 20160 = ¢ = |560J/(kg°C) |.

Bai tap luyén tap

Explain, in terms of particles, why evaporation causes cooling of the liquid left behind.

Lai giai chi tiét

The particles in a liquid have a range of speeds (kinetic energies). Evaporation occurs when the
fastest, highest-energy particles near the surface escape into the surrounding air. Removing
these highest-energy particles lowers the average kinetic energy of the particles remaining
in the liquid — and since temperature is a measure of average kinetic energy, the remaining
liquid’'s temperature falls.

Bai tap luyén tap

State two differences between boiling and evaporation.

Loi giai chi tiét
(1) Boiling occurs at one fixed temperature (the boiling point); evaporation occurs at any tem-
perature.

(2) Boiling occurs throughout the whole volume of the liquid (bubbles form inside it); evapo-

ration occurs only at the liquid’s free surface.

Bai tap luyén tap

Find the total energy needed to convert 0.50 kg of ice at 0°C completely into water at 20°C.
(Leysion = 334000 J/Kg, ¢\yater = 4200J/(kg°C).)

Loi giai chi tiét

Stage 1 (melt at 0°C): @, = mL = (0.50)(334000) = 167000 J.
Stage 2 (heat water 0 — 20°C): Q5 = mcAf = (0.50)(4200)(20) = 42000 J.

Total = 167000 + 42000 = 209000 J = 209 kJ .

Bai tap luyén tap

Why are the wires and elements in electric kettles and cooking pots usually made of metal,
while their handles are made of plastic or wood?

Loi giai chi tiét
Metals are good thermal conductors (they contain free/delocalised electrons that carry energy
quickly), so a metal base/element transfers heat efficiently to the water or food. Plastic and

wood are poor conductors (good insulators), so a handle made from them stays cool enough
to hold safely even when the metal body of the pot or kettle is very hot.
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Bai tap luyén tap

A bridge is built with small gaps between adjacent concrete sections. Explain why these gaps
are necessary.

Lai giai chi tiét

Concrete (like most solids) expands when its temperature rises, for example in hot summer
weather. If sections were built with no gaps, adjacent expanding sections would push against
each other, creating very large internal stresses that could crack or buckle the bridge. The
expansion gaps leave room for this thermal expansion to happen safely without damaging the
structure.

Bai tap luyén tap

Two identical metal spheres, one painted matte black and one polished shiny silver, are heated
to the same temperature and left to cool in identical surroundings. Which sphere cools faster,
and why?

(A) The shiny sphere, because it absorbs ra- (C) They cool at the same rate, since they are
diation better the same metal

(B) The black sphere, because it is a better (D) The shiny sphere, because metal con-
emitter of infrared radiation ducts heat

Lai giai chi tiét

-

A matte black surface is a much better emitter of infrared radiation than a shiny silver surface
(which mostly reflects radiation rather than emitting/absorbing it), so the black sphere radiates
energy away faster and cools more quickly. (B).

Bai tap luyén tap

(Supplement) A gas occupies 600 cm?® at a pressure of 120 kPa. Find the volume it would occupy
at a pressure of 200 kPa, at the same temperature.

Loi giai chi tiét
120)(600
mVi=pVo = Vo= ( 2)0<O ) :-

Bai tap luyén tap

-

Explain, using the kinetic particle model, why a gas exerts pressure on the walls of its container,
and why heating the gas (at constant volume) increases this pressure.

Loi giai chi tiét

Gas particles move rapidly and randomly, continually colliding with the container walls; each
collision transfers a tiny force to the wall, and the sum of these many collisions per second
produces the gas pressure. Heating the gas increases the particles’ average kinetic energy, so
they move faster: they hit the walls more often and with greater force per collision, so (at
constant volume) the pressure increases.
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Bai tap luyén tap

A 1.0 kg block of ice at 0°C requires 334 kJ to melt completely. Find the specific latent heat of
fusion of ice, and use it to find the energy needed to melt 250 g of ice.

Lai giai chi tiét

334000
L:Q: =1334000J/kg|.
m 1.0

For 0.25kg: Q = mL = (0.25)(334000) = |83500J = 83.5kJ |

Bai tap luyén tap

250 g of water at 95°C is mixed with 250 g of water at 15°C. Find the final temperature, and
explain why the answer is exactly the average of the two starting temperatures.

Lai giai chi tiét
Since the masses and specific heat capacities are identical: (0.250)(95—6) = (0.250)(6—15) =

95—0=0-15=110=20=0 = , exactly the mean of 95°C and 15°C. This is because,
with equal masses of the same substance, the energy-balance equation reduces to a simple
average of the two temperatures.

Bai tap luyén tap

State whether each is mainly conduction, convection, or radiation: (a) warming your hands by
a bonfire without touching it; (b) a metal spoon becoming hot after being left in a cup of hot
tea; (c) warm air rising above a radiator and circulating around a room.

Loi gidi chi tiét

(a) Radiation (infrared, needs no medium, works even through the air gap and would work
through a vacuum).

(b) Conduction (energy passed particle-to-particle, and by free electrons, along the solid metal
spoon).

(c) Convection (bulk movement of heated, less dense air rising, setting up a current).

Bai tap luyén tap

A thermometer bulb is made of thin glass with a wide surface area, and contains a liquid with a
large expansion per degree. Explain why each feature makes the thermometer respond more
quickly and sensitively to temperature changes.

Loi giai chi tiét

Thin glass, wide surface area: allows heat to be conducted into (or out of) the liquid quickly,
so the liquid reaches the surrounding temperature rapidly (faster response time).

Large expansion per degree: a liquid that expands a lot for a small temperature change pro-

duces a large, easily-read movement along the capillary tube for each degree, making the scale
more sensitive (a bigger movement per degree).
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Bai tap luyén tap

(Supplement) A sealed gas cylinder contains gas at 15 °C and 400 kPa. The manufacturer states
the cylinder is safe up to 600 kPa. Find the maximum safe temperature (in °C) for this gas at
constant volume.

Loi giai chi tiét

Py b2 b2 600
T, =15+273=288K. 2 =22 T, =T x 2 =288 x — =432K.
! + T, T, 2= X " 400

In°C: 6, = 432 — 273 =[159°C|

Bai tap luyén tap

Explain why fanning yourself with a piece of card on a hot day makes you feel cooler, even
though the air itself is not cooled by the fan.

Lai giai chi tiét

Fanning increases air movement across your skin, which speeds up the evaporation of sweat
(moving air sweeps away the water vapour that has just evaporated, keeping the humidity
just above your skin low, so more water molecules can escape). Faster evaporation removes
energy from your skin more quickly, giving a greater cooling effect — the air's own temperature
is unchanged, but the rate of evaporative cooling increases.

Bai tap luyén tap

0.40 kg of water at 18°C is heated to boiling point (100°C) and then 0.10 kg of it boils away as
steam. Find the total energy supplied. (c,ater = 4200J/(kg°C), Lyaporisation = 2260000 J/kg.)

Loi giai chi tiet

Stage 1 (heat all 0.40 kg from 18°C to 100°C): @, = (0.40)(4200)(82) = 137760 J.
Stage 2 (boil away 0.10 kg at 100°C): @, = (0.10)(2260000) = 226000 J.
Total = 137760 + 226000 = | 363760 J ~ 364 kJ .

Bai tap luyén tap

A copper rod and a wooden rod of the same size have one end each placed in a flame. After
one minute, the far end of the copper rod is too hot to touch, but the far end of the wooden
rod is still cool. Explain this observation.

(A) Copper has a higher specific heat capac- (C) Wood absorbs more radiation than cop-
ity than wood per

(B) Copper is a much better thermal conduc-
tor than wood (D) Copper has a lower density than wood

Loi giai chi tiét

Copper is a metal, containing many free (delocalised) electrons that move quickly and carry
thermal energy rapidly along the rod, in addition to particle-to-particle vibration — making it a
much better conductor than wood, which has no free electrons and conducts heat very poorly
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(an insulator). (B).

Bai tap luyén tap

(Supplement) A fixed mass of gas has volume 500 cm® at pressure 101 kPa and temperature
27°C (300 K). It is compressed to 250 cm® and simultaneously heated to 127°C (400 K). Using
the combined gas law p, V; /T, = p,V,/T,, find the new pressure.

Loi giai chi tiét

pVi poVy pViT,  (101)(500)(400) 20200000
Tl=22op,= = = —[269.3kPal
m @, P W (300)(250) 75000

Bai tap luyén tap

(Supplement) A fixed mass of gas has a volume of 400 cm?® at 27°C, at constant pressure. Find
its volume when heated to 327°C.

Lai giai chi tiét

-

v, V. T.
T, = 27 + 273 = 300K; T}, = 327 + 273 = 600K. -1 = 2 =V, :V1F2 = 400
1

Tl T2
[800.cm? |

Bai tap luyén tap

600
X — =
300

(Supplement) A gas in a cylinder fitted with a piston of cross-sectional area 50cm? (=
0.0050 m?) is compressed at constant temperature from 600 cm?® at 100 kPa to 200 cm?. Find
(a) the new pressure, (b) the force the gas now exerts on the piston.

Loi giai chi tiét

-

1
@ p Vi =p Vo = py = %0((?00) = 300 kPa = 300000 Pa.

(b) F = pA = (300000)(0.0050) = [1500N |

Bai tap luyén tap

A metal block has a mass of 4.0 kg and specific heat capacity 500J/(kg°C). Find (a) the thermal
capacity of the block, (b) the energy required to raise its temperature from 20°C to 70°C.

Loi giai chi tiét

(a) C = mc = (4.0)(500) = [2000J/°C|
(b) Q = CAG = (2000)(50) =|100000J = 100 kJ |

Bai tap luyén tap

Explain how (a) cavity wall insulation and (b) loft insulation reduce heat loss from a house, in
terms of the mechanisms of heat transfer involved.
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Loi giai chi tiét

(a) Cavity wall insulation: foam or fibre fills the gap between the inner and outer walls, trapping
small pockets of air; air is a poor thermal conductor, so this reduces heat loss by conduction
through the wall, and the trapped, separated pockets prevent air inside the cavity circulating,
reducing convection as well.

(b) Loft insulation: a thick layer of fibreglass or mineral wool laid across the ceiling space simi-
larly traps air and reduces conduction; without it, warm air (heated inside the house and rising
by convection) would lose a great deal of energy by conduction through an uninsulated roof.

Bai tap luyén tap

Explain why washing on a clothesline dries faster on a warm, windy day with the clothes spread
out, than on a cool, still day with the clothes bunched together.

Lai giai chi tiét

Higher temperature gives more water particles enough kinetic energy to escape the surface
of the wet fabric, increasing the evaporation rate. Wind sweeps away water vapour as it
evaporates, keeping the humidity just above the fabric low so more particles can escape (rather
than returning to the liquid). Spreading the clothes out increases the exposed surface area,
allowing more particles to evaporate at the surface at once. All three factors combine to
increase the rate of evaporation on the warm, windy day with clothes spread out.

Bai tap luyén tap

Explain (a) why cooling fins on a motorcycle engine have a large surface area, and (b) why solar
water-heating panels are usually painted matte black.

Loi giai chi tiét

(a) A larger surface area increases the rate at which thermal energy can be transferred away
from the hot engine to the surrounding air, by both convection (more surface in contact with
moving air) and radiation (more area emitting infrared radiation), keeping the engine cooler.
(b) A matte black surface is a much better absorber of infrared and visible radiation than a
light or shiny surface, so the panel absorbs as much of the Sun’s radiated energy as possible,
converting it efficiently into thermal energy to heat the water flowing through it.

Bai tap luyén tap

In an experiment to find the specific heat capacity of aluminium, a 1.0 kg aluminium block is
heated by an electrical immersion heater fitted into a hole drilled in the block. The amme-
ter reads 5.0 A, the voltmeter reads 12V, and the heater is switched on for exactly 300s (5.0
minutes). The block’s temperature rises from 20°C to 40°C. Assuming no heat losses, find the
specific heat capacity of aluminium.

(A) 600J/(kg°C) (C) 900J/(kg"C)
(B) 750J/(kg°C) (D) 1200J/(kg"C)
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Loi giai chi tiét

Electrical energy supplied: £ = IVt = (5.0)(12)(300) = 18000 J.
Temperature rise: A = 40 — 20 = 20°C.

E 18000 -
T mAg T (1.0)(20) 19004/ (ke'C) | (©)

Bai tap luyén tap

150 g of water at 70°C is mixed with 350 g of water at 10°C in an insulated container. Find the
final temperature.

Loi giai chi tiet

-

(0.150)(70—6) = (0.350)(6—10) = 10.5—0.1500 = 0.3500—3.5 = 14.0 = 0.5000 = 6 = | 28°C].

Bai tap luyén tap

(Supplement) A fixed mass of gas has a volume of 300cm? at a pressure of 200kPa and a
temperature of 17°C (290 K). It is allowed to expand to 180 cm® while being heated to 77°C
(350 K). Using PV p2v2, find the new pressure.

Tl T2

Loi giai chi tiét

pViT,  (200)(300)(350) 21000000
_ _ _ —[102.3KkPa] (to 1 d.p.).
P2 ="y, (290)(180) Saa00 — L102:3KPal(to 1dp)

Bai tap luyén tap

(Supplement) A fixed mass of gas has a volume of 250cm?® at a pressure of 150kPa and a
temperature of 27°C (300K). It is compressed to 100cm® and its pressure rises to 450 kPa.
Using the combined gas law, find the new temperature, in °C.

Lai giai chi tiét

pVi_ (150)(250)
T, 300

2
In°C: 9, = 360 — 273 = [87°C].

Bai tap luyén tap

P2V2 pzvz (450)(100>
2272 _ 195 =T, = = = 360 K.
T =~ 42~ o5 125

Wool and fibreglass are widely used as insulating materials in coats and in house roofs. Which
of the following best explains why they are good thermal insulators?

(A) They are very good conductors of heat, conductor
so heat passes through them quickly and

(C) They are unusually dense materials com-
evenly

pared with metals

(B) Their fibrous structure traps many small (D) They absorb infrared radiation better
pockets of still air, which is a very poor than metals do
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Loi giai chi tiét
The fibres themselves are not exceptionally poor conductors compared with other solids; the
insulating effect comes mainly from the many small pockets of trapped, still air within the

fibrous structure. Air is a very poor conductor, and the pockets are too small for convection
currents to form within them, so heat transfer through the material is greatly reduced. (B).

Bai tap luyén tap

Find the total energy needed to change 0.15kg of ice at —20°C into water at 25°C. (¢ =
2100J/(kg°C), Leysion = 334000 J/Kg, Cyater = 4200J/(kg"C).)

Loi giai chi tiét

Stage 1 (warm ice from —20°C to 0°C): @, = (0.15)(2100)(20) = 6300 J.
Stage 2 (melt ice at 0°C): @, = (0.15)(334000) = 50100 J.
Stage 3 (warm water from 0°C to 25°C): @5 = (0.15)(4200)(25) = 15750 J.

Total: @ = 6300 + 50100 + 15750 =|72150J ~ 72.2kJ ‘

Bai tap luyén tap

An electric kettle rated at 2.0 kW contains 0.60 kg of water at 20°C. (a) Find the time needed
to heat the water to boiling point (100°C). (b) The kettle is accidentally left switched on for
a further 2.0 minutes after reaching 100°C. Find the mass of water boiled away as steam in
this time, assuming all the extra energy goes into vaporising water. (¢ ter = 4200J/(kg°C),
Lvaporisation = 2260000J/kg-)

Lai giai chi tiét

201600
(@) Q = meAfd = (0.60)(4200)(80) = 201600J. t = % =~ = 1100.85s].

(b) Extra energy supplied: @ = Pt = (2000)(120) = 240000 J.

240000
M boiled Tm=—== =10.106 kg ~ 1 |
ass boiled away: m i 5960000 ‘O 06 kg Oﬁg‘

Bai tap luyén tap

An insulated calorimeter has a thermal capacity of 80J/°C and contains 0.30 kg of water at
15°C. A 0.10kg block of metal at 200°C (specific heat capacity 380J/(kg°C)) is dropped into
the water. Find the final temperature of the water, taking into account the heat absorbed by
the calorimeter itself.

Loi giai chi tiét
Energy lost by metal = energy gained by water + energy gained by calorimeter:
(0.10)(380)(200 — #) = (0.30)(4200) (8 — 15) + (80)(0 — 15).

38(200 — 0) = 1340(6 — 15) = 7600 — 386 = 13400 — 20100 = 27700 = 13786.

0 = % =120.1°C|(to 3 s.f).
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Bai tap luyén tap

Using the table of specific latent heats of fusion (water/ice 334000 J /kg, aluminium 397000 J /kg,
lead 23000 J/kg), calculate the energy needed to melt 50 g of aluminium and the energy needed
to melt 50 g of lead, both starting exactly at their melting points. Explain why the two values
are so different.

|

Aluminium: @ = mL = (0.050)(397000) = \ 19850J ~ 19.9kJ \

Lead: Q = mL = (0.050)(23000) = | 1150J = 1.15kJ |

Melting aluminium needs roughly 17 times more energy per kilogram than melting lead. This
reflects much stronger forces of attraction between particles in aluminium’s solid lattice — the
same reason aluminium has a far higher melting point (660°C) than lead (327°C): more energy

is needed to loosen the stronger aluminium bonds enough for the particles to flow past one
another as a liquid.
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Waves

Muc tiéu Unit: Tinh chat chung clia séng (séng ngang/doc, bién do, budc séng, tan sé, chu ky, van téc
séng, mit song, bé séng nudc - ripple tank); phan xa, khic xa, nhiéu xa ap dung cho moi loai séng; anh
sang: guong phang, khuc xa, chiét suat, géc t&i han, phan xa toan phan & cap quang, tan sac; thau kinh
héi tu (Supplement); quang phé dién tir day du (budc séng, tan s6, ing dung, nguy hiém); am thanh:
ban chat séng doc, téc dd trong cdc méi trudng, am nghe dugc, dé cao/dod to qua dao dong ky, siéu am,
tiéng vong & 3m vang.

3.1 General Properties of Waves

A wave is a disturbance that transfers energy (and sometimes information) from one place to another
without transferring matter — the medium through which a wave travels (where one exists) returns to
its original, undisturbed position once the wave has passed. A cork floating on a pond bobs up and
down as a ripple passes underneath it, but it does not drift toward the source of the ripple; only the
disturbance (and the energy carried by it) moves outward.

Khai niém cét 16i

In a transverse wave, the particles of the medium (or, for electromagnetic waves, the oscil-
lating electric and magnetic fields) vibrate perpendicular to the direction the wave travels —
examples include all electromagnetic waves (light, radio, etc.), water waves, and waves on a
stretched string. In a longitudinal wave, the particles vibrate parallel to (along the same line
as) the direction of travel, producing alternating regions of compression (particles bunched
close together, higher pressure/density) and rarefaction (particles spread apart, lower pres-
sure/density) — sound waves are the standard example.

direction of travel

one wavelength \
(a) Transverse wave (e.g. light, water ripples)

compression rarefaction

> direction of travel & vibration

(b) Longitudinal wave (e.g. sound)

(a) Transverse wave: particles vibrate perpendicular to the direction of travel; the amplitude and wavelength X (distance
between adjacent points vibrating in phase, e.g. crest to crest) are marked. (b) Longitudinal wave: particles vibrate
parallel to the direction of travel, producing compressions (particles close together) and rarefactions (particles spread
apart) that travel along the wave's length.
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Amplitude: the maximum displacement of a particle (or field) from its undisturbed (rest) po-
sition. Wavelength \: the distance between two adjacent, corresponding points on a wave
that are vibrating in phase (e.g. crest to crest, or compression to compression), measured in
metres. Frequency f: the number of complete waves (oscillations) passing a fixed point per
second, measured in hertz (Hz = 1/s). Period T": the time taken for one complete oscillation,

1 . . .
T = —. Wave equation: v = f\ — true for every type of wave, mechanical or electromagnetic.
A wavefront is a line (or surface) joining points on adjacent waves that are vibrating in phase

(e.g. all the points currently at a crest); wavefronts are always perpendicular to the direction of
travel (the ray), and successive wavefronts are one wavelength apart.

The ripple tank is the standard laboratory device for studying general wave behaviour using water
waves, since the wavefronts are directly visible (often projected as bright/dark lines onto a screen
below a shallow glass-bottomed tank). A vibrating dipper or motor-driven bar generates repeated
plane (straight) or circular wavefronts of known frequency, which can then be used to demonstrate,
visibly and quantitatively, the three behaviours common to all waves:

e Reflection off a straight barrier placed in the tank — the reflected wavefronts obey the law of
reflection (angle of incidence = angle of reflection, both from the normal to the barrier), exactly
as with light hitting a mirror.

e Refraction as the waves cross a boundary into a region of shallower water (a submerged glass
plate reduces the depth) — water waves travel more slowly in shallower water, so their wavelength
decreases (frequency is fixed by the dipper and does not change) and, if the waves meet the
boundary at an angle, their direction of travel bends.

¢ Diffraction as the waves pass through a gap in a barrier, or around the edge of an obstacle —
the wavefronts spread out into the "shadow” region behind the gap or obstacle; the spreading is
most pronounced when the gap width is comparable to the wavelength.

A single dipper touching the water repeatedly at one point produces expanding circular wave-
fronts (like the ripples from a dropped stone), while a straight bar vibrating along its length produces
plane (straight, parallel) wavefronts — the water-wave equivalent of a distant point source versus
a very wide, distant source of light. Because the pattern of ripples moves quickly, a stroboscope
(a flashing light synchronised with, or close to, the dipper’s frequency) is often used to make the
wavefronts appear to freeze or move slowly, so that their spacing (wavelength) can be measured
accurately and the whole class can observe reflection, refraction and diffraction happening in real
time on a screen below the tank.

. GIAI THICH TIENG VIET

Séng truyén nang luong (d6i khi ca théng tin), khéng truyén vat chat — moi truong tré lai vi tri
ban dau sau khi séng di qua (vi du nudt chai bap bénh tai ché khi séng nuéc di qua, khdng troi
theo séng). Séng ngang: hat (hodc truong) dao dong vudng goc véi hudng truyén (anh sang,
séng nudc); séng doc: hat dao dong song song véi hudng truyén, tao viing nén va ving gian
(&m thanh). Phuong trinh séng v = f\ ap dung cho moi loai séng; chu ky T = 1/f. B€ séng
nuéc (ripple tank) 13 dung cu chuin dé quan sat truc ti€p phan xa, khic xa, nhiéu xa cta séng
nudc — cac mat séng (wavefront) luén vuéng goc vai hudng truyén.

Vidu 1 - The wave equation — finding speed

A water wave in a ripple tank has frequency 2.0 Hz and wavelength 0.50 m. Find its speed.
v= fA=(2.0)(0.50) = 1.0m/s.
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Vi du 2 - The wave equation — finding frequency and speed from the period

A wave has period T' = 0.020 s and wavelength 8.5 m. Find its frequency and its speed.
1 1
= —= = — = H . = = . = 42 .
f T = 0020 50Hz. v = fA = (50)(8.5) 5m/s

Two different graphs are commonly used to describe the very same wave, and it is essential to
check which quantity is plotted along the horizontal axis before reading off any value from either
one.

(a) Displacement-distance graph (b) Displacement-time graph

/e
NV NV

Two different graphs for the same transverse wave, which can look identical in shape. (a) Displacement plotted against
distance along the wave — a "snapshot” of every particle at one instant: the horizontal spacing between repeats is the
wavelength ). (b) Displacement plotted against time at one single fixed point, as the wave passes it: the horizontal
spacing between repeats is the period T'. The vertical scale (maximum height) gives the amplitude on either graph.

displacement (cm) displacement (cm)

(1) Loi thuong gip: A displacement-distance graph and a displacement-time graph for the
same wave are often drawn as the same-looking sine curve, but the horizontal axis means
something completely different on each one. Reading the horizontal repeat-spacing off
a displacement-distance graph gives the wavelength \ (in metres); reading the horizontal
repeat-spacing off a displacement-time graph gives the period T (in seconds) — never the
other way around, and never assume a graph must be showing distance just because it "looks
like” a wave. Always read the label on the horizontal axis first.

Vi du thém - Synthesis — combining both wave graphs

A transverse wave is investigated with two separate measurements taken on the same wave.
A displacement-distance graph (a snapshot along the wave) shows the pattern repeating ev-
ery 1.2m, with a maximum displacement of 4.0 cm. A displacement-time graph, recorded at
one fixed point as the wave passes, shows the pattern repeating every 0.030s. Find (a) the
amplitude, (b) the wavelength, (c) the period and frequency, and (d) the speed of the wave.

(@) Amplitude = 4.0 cm (the maximum displacement — the same value on either graph).
(b) Wavelength: read only from the displacement-distance graph, A = 1.2 m.
1
(c) Period: read only from the displacement-time graph, T = 0.030s. Frequency f = T =
1
——— = 33.3Hz (3 s.f.).
0030~ 233Hz(3s k)

(d) Speed v = f\ = (33.3)(1.2) = 40.0m/s (equivalently v = \/T = 1.2/0.030 = 40.0 m/s).

3.2 Reflection, Refraction and Diffraction of Waves (General)

These three behaviours apply, in principle, to every type of wave — mechanical (water, sound, waves
on a string) and electromagnetic (light, radio, etc.) alike.
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ENGLISH

Law of reflection: the angle of incidence i equals the angle of reflection r, both measured
from the normal — the line perpendicular to the reflecting surface at the point where the wave
strikes it. Refraction is a change in a wave’s speed (and usually its direction and wavelength) as
it crosses a boundary between two different media; the wave’s frequency never changes during
refraction, because frequency is fixed by the source that generates the wave. Diffraction is the
spreading of a wave as it passes through a gap or around the edge of an obstacle; the amount
of spreading depends on the size of the gap (or obstacle) relative to the wavelength.

A helpful way to picture why a wave changes direction on refracting into a medium where it
travels more slowly: imagine a row of marching soldiers (representing a wavefront) walking from
firm ground onto soft mud at an angle. The soldiers who reach the mud first slow down immediately,
while those still on firm ground continue at full speed; because one end of the marching line is held
back before the other, the whole line swings around, changing the direction the row is facing —
exactly as a wavefront bends when it crosses at an angle into a slower medium. If the row meets
the boundary "head on” (perpendicular to it), every soldier slows at the same instant and the line’s
direction does not change at all — matching the fact that a wave travelling straight along the normal
(0° incidence) refracts with no change in direction.

Diffraction is most pronounced — the wave spreads out most strongly into the region behind
the gap — when the gap width is approximately equal to the wavelength. A gap much wider than
the wavelength produces very little spreading (the wave continues mostly in its original direction,
like light through an open doorway); a gap much narrower than the wavelength lets very little wave
energy through at all. This is why sound (with wavelengths from a few centimetres to several metres
in air) diffracts noticeably around corners and through doorways — you can hear someone talking
around a corner even though you cannot see them — while visible light (wavelength around 5 x
10~"m, many millions of times smaller than a doorway) shows no noticeable diffraction through
everyday gaps and appears to travel in perfectly straight lines (hence sharp shadows).

(') L6i thuerng gdp: Refraction changes a wave’s speed and (if it enters at an angle) its direction,
and its wavelength always changes to match the new speed (v = f\ with f fixed) — but
refraction never changes the frequency. The frequency is determined only by the source; it is
the same in both media, even though the wave travels at a different speed and has a different
wavelength in each.

(1) L6i thueng gap: Diffraction does not "always happen the same amount” — it is most notice-
able specifically when the gap size is comparable to the wavelength. Do not assume a wave
always spreads out significantly through any gap; a wave passing through a gap far larger than
its own wavelength shows almost no spreading at all.

. GIAI THICH TIENG VIET

Dinh luat phan xa (géc t&i = gbc phan xa, do tir phap tuyén) va hién tuong khic xa, nhiéu xa
ap dung cho moi loai song. Khic xa lam thay déi téc dd, hudng di va budc séng, nhung khéng
bao gio' 1am thay d6i tan s6 (tan s6 chi do ngudn phat quyét dinh). Nhiéu xa (uén quanh vat
can/qua khe hep) ré nhat khi kich thuéc khe gan bang budc séng — day 13 ly do séng am (buéc
séng c& mét) nhiéu xa manh qua ctra hay quanh goc tudng, trong khi anh sang (budc séng c&
micromet) hau nhu khéng nhiéu xa qua cac khe théng thudng nén béng cuia vat ludn cé vién
sac nét.

3.2.1 Interference and Superposition of Waves (Supplement)

(Supplement) When two waves of the same type travelling through the same region of a medium
meet at a point, the principle of superposition states that the resultant displacement at that point,
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at that instant, is simply the sum of the displacements that each wave would have produced there on
its own (with direction taken into account). Once the two waves have passed through one another,
each continues on its own way completely unaffected by the encounter — only while the two waves
overlap does their combined effect appear.

(Supplement) Constructive interference occurs where a crest of one wave meets a crest of the
other (or a trough meets a trough): the two displacements add together, producing a resultant
wave of larger amplitude than either individual wave. Destructive interference occurs where a
crest of one wave meets a trough of the other: the displacements act in opposite directions and
(partly, or — if the amplitudes are equal — completely) cancel, producing a resultant of reduced
or zero amplitude. Whether constructive or destructive interference occurs at a particular
point depends on the path difference — the difference between the distances travelled by the
two waves from their respective sources to that point: a path difference equal to a whole
number of wavelengths (0, \, 2], ...) gives constructive interference, while a path difference
equal to a whole number plus a half wavelength (%)\, 1%)\, ...) gives destructive interference
(provided the two sources start out exactly in step with one another).

Constructive interference: two waves in phase

Two waves of equal amplitude and wavelength, exactly in phase (the dashed navy and pink curves, which overlap
exactly), combine by superposition into a resultant wave (solid black) of twice the amplitude of either individual wave —
constructive interference. If the pink curve were instead exactly out of step (shifted by half a wavelength), the two
curves would cancel to give a resultant of zero amplitude — destructive interference.

Vi du thém - Path difference and interference

(Supplement) Two loudspeakers, driven by the same signal so that they emit sound exactly in
phase, produce sound of wavelength 0.80 m. A listener stands at a point where the path length
from speaker A is 4.0 m and from speaker B is 4.8 m. State whether the listener experiences
constructive or destructive interference at this point.

Path difference = 4.8 — 4.0 = 0.8 m = 1 x )\ (exactly one whole wavelength).

Since the path difference is a whole number of wavelengths, the two waves arrive at the lis-
tener in phase, so constructive interference occurs and the listener hears a loud sound.

. GIAI THICH TIENG VIET

Khi hai séng cuing loai gap nhau tai moét diém, do dich chuyén téng hop bang téng do dich
chuyén cua turng song riéng lé tai diém dé (nguyén ly chéng chat). Giao thoa ting cudng
(constructive) xay ra khi dinh gdp dinh (hodc day gip day) — bién dd téng hop Ién hon; giao
thoa triét tiéu (destructive) xay ra khi dinh gip day — bién doé téng hop giam hoic bang 0. K&t
qua phu thudc vao hiéu quang dudng (path difference) tir hai nguén t&i diém dé: hiéu quiang
dudng bang s6 nguyén [an budc séng cho giao thoa ting cwdng; bang sé nguyén cong nira
bwéc séng cho giao thoa triét tiéu.
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ENGLISH

3.2.2 The Doppler Effect (Supplement, qualitative)

(Supplement) When a wave source and an observer are moving relative to one another, the observer
detects a frequency (and wavelength) different from the frequency actually being emitted by the
source — this is the Doppler effect. As a source approaches a stationary observer, successive wave-
fronts are emitted from positions progressively closer to the observer, so they arrive compressed
together (a shorter observed wavelength), which the observer detects as a higher frequency — for
sound, a higher pitch. As the source recedes (moves away), successive wavefronts are emitted from
positions progressively further from the observer, so they arrive stretched out (a longer observed
wavelength), detected as a lower frequency — a lower pitch. The source’s own emitted frequency
never actually changes; only the frequency detected by the observer changes, because of the relative
motion between source and observer.

(Supplement) Doppler effect (qualitative): source approaching observer = observed fre-
qguency increases (pitch rises, for sound; light shifts towards the blue/violet end of the spec-
trum — blueshift). Source receding from observer = observed frequency decreases (pitch falls,
for sound; light shifts towards the red end of the spectrum — redshift). The everyday exam-
ple is an ambulance or police siren, which sounds distinctly higher-pitched while approaching
and suddenly drops to a noticeably lower pitch as it passes and moves away. The very same
effect, applied to light instead of sound, is how astronomers detect that most distant galaxies
are moving away from us: light received from them is systematically redshifted (its spectral
features are shifted to longer wavelengths) compared with the same features measured from
a stationary source in the laboratory — one of the key pieces of evidence for an expanding
universe.

Vi du thém - Doppler reasoning — ambulance siren

(Supplement) An ambulance drives past a pedestrian standing on the pavement, sounding its
siren continuously at one constant frequency. Explain why the pedestrian hears a higher-
pitched sound while the ambulance approaches, and a lower-pitched sound once it has passed
and is moving away.

While the ambulance approaches, it moves closer to the pedestrian in the time between emit-
ting successive sound wavefronts, so each new wavefront is emitted slightly nearer to the
pedestrian than the last; the wavefronts arrive compressed (closer together in time), which the
ear detects as a higher frequency — a higher-pitched siren. Once the ambulance has passed
and is moving away, each new wavefront is emitted slightly further from the pedestrian than
the last, so the wavefronts arrive stretched out (further apart in time), detected as a lower fre-
quency — a lower-pitched siren. The siren itself emits at one constant, unchanging frequency
throughout; only the observed frequency changes, because of the ambulance’s motion relative
to the stationary pedestrian.

. GIAI THICH TIENG VIET

Hiéu (rng Doppler: khi nguén song va ngudi quan sat chuyén déng tuwong déi véi nhau, tan s6
quan sat duoc khac véi tan sé nguén thuc su phat ra. Nguon tién lai gan: tan s6 quan sat tang
(&m thanh nghe cao hon; anh sang Iéch vé phia xanh - blueshift). Nguon Iui ra xa: tan sé quan
sat giam (Am thanh nghe tram hon; anh sang léch vé phia dé - redshift). Vi du quen thudc: coi
xe clru thuwong nghe cao hon khi tién lai gan va tram han xuéng khi xe di qua roi rdi xa. Clng
nguyén ly ndy, cdc nha thién van dung hién tuong dich chuyén dé (redshift) cta anh sang tir
cac thién ha xa xéi dé suy ra ching dang chuyén déng ra xa Trai Dat — mot bang chirng quan
trong cho vii tru dang gian no.
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3.3 Light: Reflection at Plane Mirrors

Applying the general law of reflection to light striking a plane (flat) mirror: the angle of incidence
equals the angle of reflection, both measured from the normal at the point of incidence, and the
incident ray, the reflected ray and the normal all lie in the same plane.

mirror
incident ray

el

ected ray
T

Reflection at a plane mirror: angle of incidence 7 equals angle of reflection r, both measured from the normal (dashed
line, perpendicular to the mirror surface).

A plane mirror always forms an image that is: virtual (the reflected rays only appear to diverge
from behind the mirror — no light actually passes through the image location, so it cannot be captured
on a screen), upright (the same way up as the object), laterally inverted (left and right are swapped,
though top and bottom are not), the same size as the object (magnification = 1), and the same
perpendicular distance behind the mirror as the object is in front of it.

mirror
eeye

object O "~ ~victual image I
BE

\

Ray diagram for a plane mirror: two rays leave object O, reflect off the mirror (law of reflection), and diverge toward the
eye. Tracing the reflected rays straight backward (dashed) locates the virtual image I, exactly as far behind the mirror as
Oisin front (d = d).

Vi du 3 - Plane mirror image position

An object stands 1.2 m in front of a plane mirror. A student then walks toward the mirror until
she is 0.50 m from it. Find (a) the original image distance behind the mirror, and (b) how far the
image has moved when she is 0.50 m from the mirror.

(a) Image distance behind mirror = object distance in front = 1.2 m.

(b) New image distance = 0.50 m behind the mirror. The image has moved 1.2 — 0.5 = 0.70m
closer to the mirror — the image always moves at the same speed as the object, since image
distance always equals object distance.

(') L6i thuong gap: Lateral inversion is not the same as being "upside down.” A plane mirror
image is always upright (top stays at top) — it is left and right that are swapped. This is why
text held up to a mirror reads backward (e.g. an ambulance often has "AMBULANCE” printed
laterally reversed on the front of the vehicle, so that it reads correctly when seen in the rear-
view mirror of the car ahead), while a photograph of yourself upside-down would show a
completely different kind of change (top/bottom flip), which a plane mirror never produces.
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GIAI THICH TIENG VIET
Anh qua guong phang ludn 13 anh 3o (khéng hirng duoc trén man), cung chiéu (khong 16n
nguoc trén-dudi), ngwoc trai-phai (I6n nguoc trai-phai, goi la 16n anh bén), cung kich thuérc,
va cach guong mot khodng bang ding khoang cach tir vat dén guong. Lon anh bén (trai-phai)
hoan toan khac véi 16n nguoc (trén-dudi) — gwong phang chi gay ra [6n anh bén, khéng bao
gid lam anh bi I6n nguoc.

3.4 Refraction of Light and Refractive Index (Supplement)

(Supplement) Light bends towards the normal when it enters an optically denser (higher-index)
medium, because it slows down there; it bends away from the normal when it leaves a denser
medium for a less dense one, because it speeds up. (A ray travelling exactly along the normal,
at 0°, passes straight through undeviated — it still changes speed, but there is no direction

to bend tpward.) The refractive index of a medium, for light entering it from air, is defined

sin¢ .. . . . S
asn = ——, where i is the angle of incidence in air and r is the angle of refraction inside
sinr

the medium. Refractive index is also the ratio of speeds, n = ¢ (speed of light in vacuum/air
v

divided by the speed of light in the medium) — the higher the refractive index, the more the
light slows down and the more it bends.

Everyday refraction effects follow directly from this bending. A straw standing in a glass of water
appears to "bend” sharply at the water’s surface, because light leaving the submerged part of the
straw refracts away from the normal on leaving the (denser) water for the (less dense) air, changing
direction before it reaches the observer's eye — the straw itself has not moved, only the apparent
path of the light coming from it. On a much larger scale, a mirage on a hot road forms because
air just above the hot tarmac is much less dense (and so has a slightly lower refractive index) than
the cooler air higher up; light from the sky refracts gradually as it passes through this changing air
density, curving upward into the driver’s line of sight and appearing to the eye as a shimmering "pool
of water” on the road ahead, when it is in fact a refracted patch of sky.

normal

air

glass (denser medium)

Refraction at an air-glass boundary: entering the denser (slower) medium, the ray bends toward the normal (r < 3); its
frequency is unchanged, but its speed and wavelength both decrease. Leaving the glass back into air, the same ray would
bend away from the normal by the same two angles, in reverse.

Vi du 4 - Refraction — air into glass

(Supplement) Light travelling in air hits a glass block (n = 1.50) at an angle of incidence 7 = 40°.
Find the angle of refraction.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 72



859359 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

. sing  sin40°  0.643
sinr = = =
1.50 1.50

Vi du 5 - Refraction — air into water

(Supplement) Light travelling in air hits the surface of water (n = 1.33) at an angle of incidence
1 = 50°. Find the angle of refraction.

sini  sin50°  0.766

sinr = =133 — 133 — 0.576 = r = arcsin(0.576) ~ 35.2°. (Water bends light less

n
sharply than glass, since its refractive index is lower.)

Vi du 6 - Real and apparent depth

(Supplement) A fish appears, to an observer looking straight down from directly above, to be
at a depth of 1.2 m below the surface of a pond. If the refractive index of water is n = 1.33,
find the fish’s true (real) depth.

real depth

"= apparent depth
s.f.).

= 0.429 = r = arcsin(0.429) ~ 25.4°.

= real depth = n x apparent depth = 1.33 x 1.2 = 1.6 m (rounded to 2

GIAI THICH TIENG VIET
Anh sang bé lai gan phap tuyén khi di vao mdi truong chiét quang hon (di cham lai), va
ra xa phap tuyén khi di ra moi truong kém chiét quang hon (di nhanh [én). Chiét suat
n = sini/sinr = ¢/v — n cang l&n, anh sang cang cham lai nhiéu va cang bé cong nhiéu.
Vi anh sang bi khac xa tai mat nudc, dé sau biéu kién (nhin thay) cta vat duéi nude luén nhéd
hon d6 sau thuc — day 1a ly do vat dudi nude (hodc day ho baoi) trong cé vé néng hon thurc té.

3.4.1 Refractive Index as a Ratio of Speeds (Supplement)
(Supplement) Since n = E, the speed of light inside any medium can always be found by rearranging:
v

& . .
v = —. Because n > 1 for every transparent medium denser than a vacuum, light always travels more

mn
slowly inside such a medium than it does in a vacuum (or air) — the larger the refractive index, the
slower the light travels inside the medium, and the more sharply it bends on entering or leaving it.

Medium Refractive index n
Air (vacuum) 1.00
Water 1.33
Glass (typical) 1.50
Diamond 2.42

Typical refractive indices for light entering from air. A larger n means light bends more sharply on entering the medium,
and travels more slowly once inside it.

Vi du thém - Speed of light in a medium

(Supplement) Ordinary glass has a refractive index of 1.50. Find the speed of light travelling
inside this glass (c = 3.0 x 108 m/s).
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¢ 3.0x10°

= 2.0 x 108 m/s — light travels at only two-thirds of its vacuum speed
n .
inside this glass.

. GIAI THICH TIENG VIET

Vin = ¢/v nén téc do anh sang trong mot méi trudgng ludn tinh dugc bang v = ¢/n. Don > 1
v&i moi moi truong trong subt dac hon chan khong, anh sang luén di cham hon trong moi
truong dé so v&i trong chan khong/khéng khi — n cang I&n thi anh sdng cang cham va cang
bé cong nhiéu khi khac xa. Chiét suat tiéu biéu: khong khi ~ 1.00, nuéc 1.33, thuy tinh 1.50,
kim cuong 2.42.

3.5 Critical Angle and Total Internal Reflection (Supplement)

(Supplement) The critical angle C'is the angle of incidence, measured inside the denser medium,
at which the angle of refraction is exactly 90° (the refracted ray grazes along the boundary);
sinC = —. If light travelling inside a denser medium strikes a boundary with a less-dense

n
medium at an angle of incidence greater than C, none of the light can refract out at all —
instead total internal reflection (TIR) occurs, and all of the light reflects back into the denser
medium, obeying the ordinary law of reflection (; = r).

cladding (Iow%agn()/v

/

cladding (lower n)

Total internal reflection guiding light along an optical fibre: at every core-cladding boundary the ray strikes at an angle
greater than the critical angle C, so it is completely reflected back into the core — the signal is guided along the whole
length of the fibre (even around gentle bends) by repeated total internal reflection, with almost no loss of light.

Vi du 7 - Critical angle and optical fibres

(Supplement) Find the critical angle of glass with n = 1.50, and explain how this allows an
optical fibre to carry light along its length.

. 1 1 .
sinC =— = 150 = 0.667 = C = arcsin(0.667) ~ 41.8°.

n .

An optical fibre is a thin, flexible strand of glass with a core of slightly higher refractive in-
dex than the surrounding cladding. Light entering one end strikes the internal core-cladding
boundary at an angle greater than the critical angle every time, so it repeatedly undergoes
total internal reflection along the fibre's length, keeping virtually all the light energy trapped
inside and guiding it — even around gentle curves — to the far end.

Vi du thém - Critical angle of diamond

(Supplement) Diamond has an unusually high refractive index, n = 2.42. Find its critical angle.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 74



BENO.}S? Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

1 1

sinC =— = 743 = 0.413 = C = arcsin(0.413) ~ 24.4°.
n .

This is a much smaller critical angle than ordinary glass (~ 42°) — light inside a cut diamond

strikes many of its internal facets at angles greater than this small critical angle and undergoes
repeated total internal reflection, which (together with dispersion) is largely responsible for a
diamond’s characteristic brilliance and "fire.”

(Supplement) Total internal reflection is also used deliberately in right-angled glass prisms, which
act as highly efficient mirrors in periscopes and binoculars: light entering perpendicular to one face
strikes the hypotenuse face at 45°, an angle greater than the critical angle of ordinary glass (~ 42°),
so it is totally internally reflected through 90° with (unlike a silvered mirror) no loss of light to ab-
sorption at a metal surface. Two such prisms, arranged appropriately, let a periscope’s user see over
an obstacle by reflecting the light path twice.

g 1 | N\ 15

prisn 2

45°] toeye

Y

A periscope using two 45°-45°-90° prisms: light enters and leaves each prism perpendicular to a short face
(undeviated), then strikes the long hypotenuse face at 45° to its normal — greater than the critical angle of ordinary glass
(~ 42°) — so total internal reflection turns the beam through 90° inside each prism, letting the viewer see over an
obstacle with virtually no light lost to absorption, unlike an equivalent pair of silvered mirrors.

(') L6i thuong gip: (Supplement) Total internal reflection can only occur when light travels
from an optically denser medium toward a less dense one (e.g. glass — air, never air — glass),
and only when the angle of incidence — measured inside the denser medium — exceeds the

.\ "o sing . . . .
critical angle C. Likewise, in n = o for light entering a medium from air, « must always
inr

be the angle in the less dense medium (air) and r the angle inside the denser medium; mixing
these up, or trying to apply sinC' = 1/n to light travelling from a less dense into a denser
medium, gives a meaningless result.

GIAI THICH TIENG VIET

han xa toan phan chi xay ra khi anh sang di tir méi trwdng chiét quang hon sang kém hon
V@i goc tdi (do bén trong moi trudong chi€t quang hon) I6n hon goc téi han C (sinC = 1/n).
Day la nguyén ly ctiia cap quang (anh sang phan xa toan phan lién tuc vao thanh 16i soi cap) va
cla lang kinh phan xa toan phan dung trong kinh tiém vong (periscope) — hiéu qua hon guong
trang bac vi khéng hao hut anh sang do hap thu.

3.6 Dispersion of White Light

White light (e.g. sunlight) is a mixture of colours of different wavelengths, and glass (like other trans-
parent media) has a slightly higher refractive index for shorter-wavelength (violet) light than for
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longer-wavelength (red) light. Passing white light through a triangular glass prism therefore splits
it into a continuous spectrum of colours — red, orange, yellow, green, blue, indigo, violet — because
each colour is refracted through a slightly different angle at both faces of the prism; red light (longest
visible wavelength, lowest refractive index) is refracted least, while violet light (shortest visible wave-
length, highest refractive index) is refracted most. This splitting effect is called dispersion. The same
combination of refraction, internal reflection and dispersion inside spherical raindrops is responsible
for rainbows.

> violet

\red

Dispersion of white light through a triangular prism: each colour refracts by a different amount at each face (violet most,
red least), spreading white light out into a spectrum.

GIAI THICH TIENG VIET

Anh sang trang 1a hon hop nhiéu mau cé budc séng khac nhau. Khi di qua lang kinh, méi mau
khuc xa véi géc khac nhau (tim 1éch nhiéu nhat vi chiét suat thay tinh va&i tim I&n nhat, dé léch
it nhat) — hién tuong nay goi |3 tan sac, cling chinh 1a nguyén ly tao ra cau vong (khuc xa, phan
xa bén trong, va tan sic anh sang bén trong hat mua).

3.7 Thin Converging Lenses (Supplement)

(Supplement) A converging (convex) lens is thicker in the middle than at the edges and bends parallel
rays of light inward so that they meet at the principal focus I, a distance from the lens (on each side)
called the focal length f. Only three standard rays are needed to construct the image of a point on
an object: (1) a ray travelling parallel to the principal axis refracts through the (far) principal focus F;
(2) a ray passing through the optical centre of the lens continues undeviated (straight through); (3)
a ray passing through the (near) principal focus F on its way to the lens emerges parallel to the axis.

converging lens

object 3

T

> axis
2F F :E\;} 2F

image

\ 4
Ray diagram for an object beyond 2 F of a converging lens (f = 2 units here, object at 6 units, image at 3 units): all three
standard rays meet at the image, which forms between F' and 2F on the far side — real, inverted, and diminished
(smaller than the object).
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(Supplement) Object beyond 2F: image real, inverted, diminished, forms between F' and 2F
(e.g. a camera lens forming an image of a distant scene on its sensor/film). Object at 2F: im-
age real, inverted, same size, forms at 2F on the far side. Object between F and 2F: image
real, inverted, magnified, forms beyond 2F (e.g. a projector lens, magnifying a small slide/film
onto a distant screen). Object at I': emerging rays are parallel — no image forms at any finite
distance. Object inside F: image virtual, upright, magnified, on the same side as the object
— the magnifying glass case (the human eye’s own lens works similarly in reverse, focusing a
real, inverted, diminished image of the world onto the retina, which the brain then interprets
image height  image distance v

ight-way-up). Linear magnification: m = — —— = —— - .
gy, [ B! mn object height  object distance u

These five cases correspond directly to how converging lenses are used in practice. A camera
always keeps its subject beyond 2F (everyday photography subjects are effectively "far” compared
with the lens’s short focal length), so it always forms a real, inverted, diminished image on the sen-
sor or film — the camera’s focusing mechanism moves the lens slightly to keep this image sharply
positioned on the sensor as the subject distance changes. A projector deliberately places its small,
brightly-lit slide or film between F and 2F, so that a real, inverted, magnified image is thrown onto
a distant screen (the slide itself must be loaded upside-down, so that the inverted projected image
appears the right way up). A magnifying glass is simply a converging lens with the object held inside
F, producing the enlarged, upright, virtual image the eye perceives. The human eye itself contains
a converging lens system (cornea and lens together) that keeps forming a real, inverted, diminished
image on the retina for objects at almost any distance beyond F' — the brain, from long experience,
automatically interprets this inverted retinal image as being the right way up.

Vi du 8 - Lens image-characteristics reasoning

(Supplement) An object is placed between F' and 2F of a converging lens. State and explain
the characteristics of the image formed.

Since the object lies between F and 2F, the three standard construction rays converge on the
far side of the lens beyond 2 F (further from the lens than the object is), producing an image that
is real (formed where rays actually cross, so it could be captured on a screen), inverted (upside
down relative to the object), and magnified (larger than the object, since the image forms
further from the lens than 2F while the object is closer than 2F) — this is the arrangement
used in a slide/film projector.

Vi du 9 - Linear magnification of a lens

(Supplement) An object of height 2.0 cm is placed 30 cm from a converging lens; the resulting

real image forms 45 cm from the lens. Find the magnification and the image height.

4 . . .
v 3—2 = 1.5. Image height = m x object height = 1.5 x 2.0 = 3.0cm.
u

- GIAI THICH TIENG VIET
V6i thau kinh hoi tu, chi can vé 2 trong 3 tia dac trung dé xac dinh anh: tia song song truc
chinh qua F; tia qua quang tam di thang; tia qua F 16 ra song song truc chinh. Vj tri vat quyét
dinh tinh chat anh: xa hon 2F (dnh that, nguoc chiéu, nhd hon — may anh); tai 2F (anh that,
nguoc chiéu, bang vat); gitra F va 2F (anh that, nguoc chiéu, phdng to — may chiéu); trong F
(3nh 30, cuing chiéu, phong to — kinh 1Gp, va ciing 13 cdch mat ngudi tao anh that thu nho trén
vong mac theo chiéu ngugc lai). D6 phong dai m = v/u = chiéu cao anh / chiéu cao vat.
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3.7.1 Magnifying Glass: Object Inside F" (Supplement)

(Supplement) When an object is placed inside the focal length of a converging lens (closer to the lens
than F), the three standard construction rays never actually meet on the far side of the lens at all —
they emerge diverging from one another. Tracing these diverging emergent rays straight backward,
however, shows that they appear to come from a single point on the same side of the lens as the
object, further from the lens than the object itself. This point locates a virtual, upright, magnified
image — precisely what the eye sees when using the lens as a magnifying glass.

converging lens
virtual image

' obj
1
A

»

> axis

|
2F F F 2F

\4

Ray diagram for an object placed inside F' (f = 2 units here, object 1 unit from the lens): the three refracted rays diverge

on the far side of the lens and never meet there; tracing them straight backward (dashed) shows they meet at a point 2

units behind the object, on the same side as the object. The image is therefore virtual, upright, and magnified (x2 in this
diagram) — the magnifying-glass case.

Vi du thém - Magnifying-glass magnification

(Supplement) A small object 5.0 mm tall is held 3.0 cm from a converging lens used as a mag-
nifying glass; the resulting virtual image forms 9.0 cm from the lens, on the same side as the
object. Find the magnification and the image height.

9.0 . .. . . . .
m = v_o 2 3.0 (magnification is a ratio, so it has no units). Image height = m x

u .
object height = 3.0 x 5.0 = 15mm = 1.5cm.

- GIAI THICH TIENG VIET
Khi vat dat trong tiéu cu’ F cua thiu kinh hdi tu, ba tia chuan khéng gap nhau & phia bén kia
thau kinh (chung loe ra); kéo dai nguoc cac tia loe nay vé phia vat cho mot diém anh 3o, cung
chiéu, phéng to, nam cung phia vé&i vat — day chinh 1a nguyén ly cta kinh lap. D6 phong dai
van tinh bang m = v/u = chiéu cao anh/chiéu cao vat, va m khéng c6 don vi (chi [a mot ti s8).

3.8 The Electromagnetic Spectrum

All electromagnetic waves are transverse waves that require no medium (they travel through a vac-
uum) and travel at the same speed in a vacuum, ¢ = 3.0 x 108 m/s (and very nearly this speed in air)
— they differ from one another only in frequency and wavelength, related as always by ¢ = f\.
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Band Wavelength  Frequency Typical use(s) Danger / precau-
tion
Radio > 1m (up to < 3.0 x 108 Hz Broadcasting, com- None significant at
km) munications normal power
Microwave 1mm-1m 3.0 x 108-3.0 x Satellite & mobile Internal heating of
10! Hz links, cooking body tissue/water
Infrared 700nm-1mm 3.0 x 10''-4.0 x Remote controls, Skin burns from in-
104 Hz thermal imaging, tense exposure
grilling
Visible 400-700nm 4.0 x 10'*-7.5 x  Vision, photography, None at normal
10 Hz optical fibres levels (lasers can
harm eyes)
Ultraviolet ~ 10-400 nm 7.5x10'*-3.0 x Sterilising, fluores- Skin/eye damage,
1016 Hz cent lamps, security skin cancer - ion-
ink ising
X-rays 0.01-10 nm 3.0 x 10'6-3.0 x Medical & security Cell damage, can-
10'° Hz imaging, flaw detec- cer - lead shielding
tion
Gamma < 0.01nm > 3.0 x 10! Hz  Cancer therapy, Most ionising -
rays sterilising equip- lead/concrete
ment, tracers shielding

The electromagnetic spectrum, arranged in order of increasing frequency (decreasing wavelength). All seven bands

travel at the same speed c in a vacuum; the three highest-frequency bands (ultraviolet, X-rays, gamma rays) carry enough

energy per photon to be ionising and require exposure precautions.

Dangers and precautions: ultraviolet, X-rays and gamma rays are ionising — they carry enough
energy to remove electrons from atoms/molecules in living cells, which can damage or kill cells,
or (with excessive exposure) cause cancer through damage to DNA. The three standard pre-
cautions used by workers who handle ionising radiation are: shielding (e.g. lead aprons/screens
for X-rays, thick lead or concrete for gamma rays), limiting exposure time (badges that record
cumulative dose, rotating staff), and increasing distance from the source (radiation intensity
falls off rapidly with distance).

Vi du 10 - Wavelength from frequency

Find the wavelength of a radio wave of frequency 100 MHz (= 1.0 x 10% Hz).

)\:E_3.0><108

7T T0x108 - o0m

Vidu 11 - Frequency from wavelength

An X-ray has a wavelength of 1.0 x 10719 m. Find its frequency.

¢ 3.0 x 108
fzx—

= m =3.0x 1018 Hz.

Thay Tudong 0332747 169 -

. GIAI THICH TIENG VIET

Toan bd quang phé dién tir truyén vai cing téc dd ¢ = 3.0 x 10% m/s trong chan khéng (khéng
can méi truong vat chat), chi khac nhau vé tan s6/budce séng. Tia UV, tia X va tia gamma mang
nang luong photon cao, ¢ tinh ion héa nén gy hai cho té bao séng néu tiép xdc qua lieu —
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ba bién phap phong ngira chuan |a: che chan (chi, bé téng), han ché thai gian tiép xuc, va tang
khoang cach t&i nguén phéng xa.

3.9 Sound

Production of sound: sound is produced whenever an object vibrates — a guitar string, a loudspeaker
cone, human vocal cords, a tuning fork — and these vibrations disturb the particles of a surrounding
medium, setting up a longitudinal pressure wave that spreads outward as alternating compressions
and rarefactions. Because sound is carried by particles colliding with their neighbours, it requires
a material medium (solid, liquid or gas) to travel through, and cannot travel through a vacuum —
famously demonstrated by an electric bell ringing inside a sealed jar: as air is pumped out, the sound
fades and eventually disappears completely, even though the bell (visible through the glass) is still
clearly vibrating.

Sound travels fastest in solids, slower in liquids, and slowest in gases (speed in air ~ 340 m/s;
in water ~ 1500 m/s; in steel ~ 5000 m/s). In solids and liquids, particles are packed closely
together and strongly bonded, so a vibration is passed from particle to particle almost imme-
diately; in a gas, particles are far apart and move randomly, so a vibration takes much longer,
on average, to be passed from one particle to the next by a collision.

(1) L6i thuerng gap: Sound cannot travel through a vacuum, unlike light and all other electro-
magnetic waves (which need no medium at all). This is why the loud explosions and engine
roars in many science-fiction films set in space are physically impossible — in a true vacuum,
with no particles to carry the vibration, there would be complete silence, however violent the
on-screen action.

The human ear can typically detect sound frequencies from about 20 Hz to 20000 Hz — this range
is called the audible range. Frequencies below 20 Hz are called infrasound, and frequencies above
20000 Hz are called ultrasound; both are inaudible to humans. Ultrasound has several important
applications precisely because it can be produced as a narrow, directional beam and (unlike X-rays) is
non-ionising: medical imaging (e.g. prenatal scans — ultrasound pulses reflect at boundaries between
different body tissues, and timing the returning echoes builds up an image, without exposing the
patient or foetus to ionising radiation); industrial flaw detection (a pulse sent into a metal casting or
weld reflects off any internal crack or void, revealing its size and depth from the echo timing, without
needing to damage or cut open the component); and sonar / echo sounding (measuring water depth,
or detecting submarines and shoals of fish, from the time taken for a reflected pulse to return).

Pitch (how high or low a note sounds) corresponds to the frequency of a sound wave — a higher
frequency is heard as a higher pitch. Loudness (how loud or soft a sound is) corresponds to the
amplitude of the wave — a larger amplitude (the source vibrating with greater energy) is heard as a
louder sound. Both properties can be read directly from a sound wave displayed on an oscilloscope
(CRO).

(a) Loud vs soft (same pitch) (b) High vs low pitch (same loudness)

Oscilloscope-style traces. (a) Same frequency (pitch), different amplitude: the taller (navy) trace is louder; the shorter
(pink) trace is softer. (b) Same amplitude (loudness), different frequency: the more closely-spaced (navy) trace is
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higher-pitched; the more widely-spaced (pink) trace is lower-pitched.

Reverberation and echoes: in an enclosed space, sound reflects repeatedly off walls, floors and
ceilings. If the reflected sound arrives back very soon after the original (a short delay, in a small or
well-furnished room), the reflections blend together with the original sound and with each other,
perceived as a single, slightly prolonged sound — this is reverberation, and it is very noticeable in
large, hard-surfaced empty spaces such as an empty concert hall or a cathedral. If instead the re-
flecting surface is far enough away that the reflected sound arrives noticeably later (typically more
than about 0.1 s after the original, so the brain perceives it as a separate, repeated sound), it is heard
as a distinct echo.

Excessive reverberation makes speech and music sound muddled, since each syllable or note
overlaps with the lingering reflections of the ones before it; concert-hall and recording-studio de-
signers control this by lining hard, sound-reflecting surfaces (bare stone, glass, tiled floors) with soft,
sound-absorbing materials — heavy curtains, carpets, padded seating, acoustic foam panels — which
convert some of the sound energy into heat instead of reflecting it, shortening the reverberation time
to a level appropriate for the room’s use (a long reverberation time can suit a cathedral organ, but
would make a lecture hall very hard to understand).

Vidu 12 - Echo timing — depth of water (sonar)

A ship’s sonar sends an ultrasound pulse downward; the echo returns after 0.80s. Speed of
sound in water = 1500 m/s. Find the depth of the seabed.
1200

Total distance travelled (down and back) = vt = (1500)(0.80) = 1200m. Depth = —~
600 m.

Vi du 13 - Echo timing — distance to a cliff (air)

A hiker shouts toward a distant cliff face and hears the echo exactly 1.0 s later. Speed of sound
in air = 340 m/s. Find the distance to the cliff.

Total distance travelled (to the cliff and back) = vt = (340)(1.0) = 340m. Distance to cliff

:3;1—0:170m.

Vi du 14 - Reading frequency from an oscilloscope trace

A microphone signal is displayed on an oscilloscope with the time-base set to 5.0 ms per divi-
sion. One complete wave cycle occupies exactly 4.0 divisions on the screen. Find the period

and the frequency of the sound, and state whether it lies within the audible range.

1 1 . .
T =4.0x50ms =20ms = 0.020s. f = T = 0,030 50Hz — within the audible range

(20-20000 Hz), so this would be heard as a low-pitched note.

Vi du thém - Musical note — period, frequency and wavelength

A note played on a musical instrument has a period of 2.5 ms. Find (a) its frequency, and (b) its
wavelength as it travels through air at 340 m/s.

1 1
— - = — 400 Hz.
(@) f T ??4%025 00 Hz
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Vi du thém - Ultrasound depth measurement

An ultrasound pulse sent into a patient’s abdomen reflects off the boundary of an internal
organ; the echo returns to the transducer after 2.6 x 1075 s (that is, 26 us). Taking the speed of
ultrasound in soft tissue as 1540 m/s, find the depth of the boundary below the skin.

. 4.00
Round-trip distance = vt = (1540)(2.6 x 107°) = 0.0400m = 4.00cm. Depth = 5 =

2.00cm.

(1) L6i thuong gap: When calculating a distance from an echo (sonar depth, cliff distance,
ultrasound flaw depth, etc.), the timed interval ¢ is always for the round trip — there and back
— so the distance to the reflecting surface is only half of v x ¢. Forgetting to divide by 2 is one
of the most common errors in echo/sonar calculations.

. GIAI THICH TIENG VIET

Am thanh sinh ra do vat dao déng, 1a séng doc, cin méi trudng vat chat dé truyén (khdng
truyén dugc trong chan khong, khac han anh sang) — va truyén nhanh nhat trong chat rin,
cham nhat trong chat khi (vi hat trong ran/Idng sat nhau va lién két manh, truyén dao déng
nhanh hon). Con ngudi nghe dugc tir 20 Hz dén 20 000 Hz; siéu am (> 20 000 Hz) dung trong
y té€ (siéu am thai), cong nghiép (do khuyét tat kim loai), va dinh vi duéi nuéce (sonar). D6 cao
cla am (ng v&i tan s6; dd to (rng vai bién dd. Khi tinh khoang cach bang tiéng vong, quang
duong song di gap déi khoang cach thuc (di va vé), nén phai chia 2 sau khi nhan téc d6 vai
thoi gian. Am vang (reverberation) |a cac phan xa lién tiép hoa vao am goc trong phong kin;
tiéng vong (echo) 13 mot phan xa riéng biét nghe dugc rd rang sau mot khoang tré du 16n.

3.10 Practice Problems

Bai tap luyén tap

A wave has period T' = 0.020 s and wavelength 8.5 m. Find its speed.

(A) 425m/s (C) 170m/s
(B) 340m/s (D) 850m/s

[ chivie
f= % _ ﬁ —50Hz  v= fA = (50)(8.5) = 425 m/s. (A).

Bai tap luyén tap

(Supplement) Light travels from air into a glass block (n = 1.60) at an angle of incidence of 50°.
Find the angle of refraction.

Loi giai chi tiét
_ sin 50° ~ 0.766

1.60  1.60
a denser medium).

=0479=r = (bent towards the normal, as expected entering
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Bai tap luyén tap
(Supplement) A transparent material has a critical angle of 39°. Find its refractive index.

(A) 1.59 (C) 1.45
(B) 1.29 (D) 1.75

Loi gidi chi tiét
R U 1
~ sinC sin39°  0.629

-

—_

= 1.59. (A).

Bai tap luyén tap

State one use and one danger of (a) ultraviolet radiation and (b) X-rays.

' Loi giai chi tiét
(@) UV — use: fluorescent lamps / sterilising water / detecting forged banknotes. Danger:
causes skin damage and skin cancer, and eye damage, with excess exposure (hence sunscreen
and UV-blocking eyewear are used).

(b) X-rays — use: imaging broken bones, airport security scanning. Danger: ionising radiation
that can damage living cells and cause cancer, so medical/security staff use lead shielding and
minimise exposure time.

Bai tap luyén tap

A fishing boat sends an ultrasound pulse straight down; the echo from the seabed returns after
0.60s. Speed of sound in seawater = 1500 m/s. Find the depth of the water.

Lai giai chi tiét

Total (round-trip) distance = vt = (1500)(0.60) = 900 m. Depth = 9% — 450 m].

Bai tap luyén tap

An object is placed 2.0 m in front of a plane mirror. Explain why an observer in front of the mir-
ror cannot optically distinguish the virtual image from a genuine (laterally-reversed) duplicate
object placed 2.0 m behind the mirror.

Lai giai chi tiét

The image of the object forms exactly 2.0 m behind the mirror (image distance = object dis-
tance), the same size and orientation (laterally inverted, upright) as a genuine duplicate object
would appear at that position. Since the light rays entering the observer’s eye have exactly
the same directions and divergence in both cases, there is no optical way to distinguish a vir-
tual image from a real object positioned at the same apparent location — this is precisely why
mirror images look so convincingly "real.”
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Bai tap luyén tap

(Supplement) A swimming pool appears to be 1.5 m deep when viewed from directly above
the water’s surface. If the refractive index of water is 1.33, find the true (real) depth of the
pool.

(A) 1.13m (C) 1.995m

(B) 2.0m (D) 1.5m

Lai giai chi tiét

-

real depth

= = real depth = apparent depth =1.33 x 1.5 = 1.995m ~ 2.0 m. (C).
" apparent depth P nxapp P X 15

Bai tap luyén tap

(Supplement) Find the critical angle for a transparent plastic of refractive index n = 1.4, and
state what happens to a ray inside the plastic that strikes a boundary with air at an angle of
o0°.

Loi giai chi tiét
1

sinC = 14 =0.714 = C =[45.6°|.

Since 50° -

ing out.

o

> C, the ray undergoes total internal reflection at the boundary rather than refract-

Bai tap luyén tap

(Supplement) An object 3.0 cm tall is placed 20 cm from a converging lens, forming a real image
50 cm from the lens. Find the magnification and the image height.

Lai giai chi tiét

50 .
m="2— 0= 2.5. Image height = 2.5 x 3.0 = .

U

-

Bai tap luyén tap

Explain, in terms of the position of the object relative to F, how a converging lens is used as a
magnifying glass.

Loi giai chi tiét

For a converging lens to work as a magnifying glass, the object must be placed inside the focal
length F (closer to the lens than the principal focus). The emerging rays then diverge and never
actually meet on the far side, so tracing them backwards (to where they appear to come from)
produces a virtual, upright, and magnified image on the same side of the lens as the object —
this is what the eye sees when using a magnifying glass.
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ENGLISH

Bai tap luyén tap

Explain why a glass prism splits white light into a spectrum, and state which colour is deviated
the most.

(A) Red; because it has the shortest wave- (C) Green; because it is in the middle of the
length spectrum

(B) Violet; because it has the highest refrac- (D) All colours deviate equally; glass has one
tive index in glass refractive index

Loi giai chi tiet

Glass has a slightly different refractive index for each colour (wavelength) of light, so each
colour is refracted by a different amount as it enters and leaves the prism; violet light experi-
ences the highest refractive index in glass and so is bent (deviated) the most, while red light is
bent the least. (B).

Bai tap luyén tap

List the seven regions of the electromagnetic spectrum from the longest to the shortest wave-
length.

Loi giai chi tiét

‘ Radio — microwave — infrared — visible light — ultraviolet —+ X-ray — gammaray|, in or-
der of decreasing wavelength (equivalently, increasing frequency).

Bai tap luyén tap

A wave source vibrates 150 times in 3.0s, producing waves of wavelength 2.0m. Find the
frequency and the wave speed.

(A) f=50Hz, v=100m/s (C) f=450Hz, v =900m/s
(B) f =50Hz, v =25m/s (D) f=0.02Hz, v =0.04m/s

Lai giai chi tiét

f= % —50Hz. v = fA=(50)(2.0) = 100m/s. (A).

Bai tap luyén tap

Explain why diffraction of sound around an open doorway is very noticeable, while diffraction
of visible light around the same doorway is not.

Loi giai chi tiét

Diffraction is most pronounced when the size of the gap is comparable to the wavelength of
the wave passing through it. A typical doorway (roughly a metre wide) is comparable in size
to the wavelength of sound (also of the order of centimetres to metres), so sound diffracts
(spreads out) strongly and can be heard clearly around corners. Visible light has a wavelength
of only a few hundred nanometres — many millions of times smaller than the doorway — so

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 85



859359 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

essentially no noticeable diffraction occurs, and light appears to travel in straight lines through
the doorway.

Bai tap luyén tap

(Supplement) A ray of light inside a glass fibre (n = 1.5) strikes the fibre wall at 45° to the
normal. Determine whether total internal reflection occurs, showing your working.

Loi gidi chi tiét
1
Critical angle: sinC = — = 0.667 = C = 41.8°.

1.5
Since the angle of incidence (45°) is greater than C (41.8°), \ total internal reflection does occur |.

Bai tap luyén tap

An oscilloscope trace of a musical note shows 5 complete cycles occupying 25 ms of screen
width. Find the frequency of the note.

(A) 100 Hz (C) 125Hz
(B) 200 Hz (D) 5Hz

Loi giai chi tiét

= M 5 0ms = 0.0050s. f= o=
-5 T "7 T 0.0050

T = 200 Hz. (B).

Bai tap luyén tap

Sound travels at approximately 340 m/s in air and about 1500 m/s in water, but cannot travel
at all through a vacuum. Explain this pattern in terms of the particle model.

Loi giai chi tiét

Sound is a longitudinal wave that travels by particles colliding with (and passing vibrations to)
their neighbours, so it needs a material medium. In a vacuum there are no particles at all,
so there is nothing to carry the vibration — sound cannot travel. In a liquid (water) particles
are much more closely packed and strongly bonded than in a gas (air), so vibrations pass from
particle to particle much more quickly, giving a higher wave speed in water than in air.

Bai tap luyén tap

A microwave oven uses radiation of frequency 2.45 x 10° Hz. Find its wavelength.

Loi giai chi tiet

-

¢ 3.0x108
A=—-=_—""—""—_—10.122m ~ 12.2cm |
f 245 x 109 ‘ m cm
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ENGLISH

Bai tap luyén tap

(Supplement) An object is placed exactly at the focal point F of a converging lens. Describe
what happens to the emerging rays and what kind of image (if any) is formed.

Loi giai chi tiét
Rays leaving an object placed exactly at F emerge from the lens travelling parallel to each
other (parallel to the principal axis). Parallel rays never converge and never appear to diverge
from a single point either, so no image is formed at any finite distance — this is the reverse
case of parallel rays entering the lens and converging at F.

Bai tap luyén tap

(Supplement) Light travels from glass (n = 1.52) into air. Find the critical angle for this glass-air
boundary.

(A) 41.1° (C) 33.4°
(B) 48.9° (D) 65.4°

Loi giai chi tiet

-

sinC = = 0.658 = C' = arcsin(0.658) = 41.1°. (A).

1
1.52

Bai tap luyén tap

A student sees a rainbow after a rain shower with the Sun behind her. Explain, in terms of
refraction, internal reflection and dispersion, how the rainbow’s colours are produced.

Lai giai chi tiét

-

Sunlight entering a spherical raindrop is first refracted as it enters the water (slowing down,
and — because different colours refract by slightly different amounts — beginning to split, i.e.
disperse, into its component colours). The light then undergoes (partial) internal reflection off
the inside back surface of the droplet, before refracting again as it leaves the drop, dispersing
further. Because each colour leaves the droplet at a very slightly different angle, an observer
positioned correctly relative to the Sun and the rain sees each colour arriving from droplets at
a slightly different angle in the sky, spreading the colours into the familiar rainbow band (red
on the outer edge, violet on the inner edge).

Bai tap luyén tap

Two sound waves have frequencies 256 Hz and 512 Hz, both travelling through the same air at
340 m/s. Compare their wavelengths.

Loi giai chi tiét

v 340 v 340
=—=—=133m. A\y=—=—=0.664m.
LT 7 T 956 M- A= =55 m
The higher-frequency wave (512 Hz) has ’ half the wavelength ‘ of the lower-frequency wave,

since both travel at the same speed and v = f\ (so f and X are inversely proportional at fixed
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V).

Bai tap luyén tap

A radar gun emits a pulse of microwaves at ¢ = 3.0 x 108 m/s; the reflected pulse from a car
returns after 2.0 x 107%s. Find the distance to the car at the moment of reflection.

Loi giai chi tiet

Round-trip distance = ct = (3.0 x 10%)(2.0 x 107¢) = 600 m.

Distance to car = @20 =300m

Bai tap luyén tap

In a ripple tank, a dipper vibrating at 6.0 Hz produces water waves of wavelength 3.0 cm. Find
the speed of the waves.

(A) 0.18m/s (C) 18m/s
(B) 2.0m/s (D) 0.50m/s

Loi giai chi tiét
v = fA=(6.0)(0.030) = 0.18m/s. (A).

Bai tap luyén tap

A ray of light strikes a plane mirror at an angle of incidence of 35° from the normal. Find the
angle of reflection, and the angle between the incident and reflected rays.

Loi giai chi tiet

By the law of reflection, angle of reflection = angle of incidence = .
The angle turned through between the incident ray’s direction and the reflected ray’s direction

is 180° — 2 = 180 — 2(35) = [ 110°].

Bai tap luyén tap

An ambulance often has the word "AMBULANCE” printed in laterally-reversed lettering on the
front of the vehicle. Explain why, using the properties of a plane mirror image.

Lai giai chi tiét

A plane mirror produces an image that is laterally inverted (left-right reversed) but otherwise
upright and undistorted. A driver ahead sees the front of the ambulance only via their rear-
view mirror; if the word were printed normally, it would appear reversed (illegible) in the mirror.
By deliberately printing it already laterally reversed on the vehicle, the mirror's own left-right
reversal cancels this out, so the driver sees the word "AMBULANCE” the right way round in
their mirror.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 88



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

Bai tap luyén tap

State two medical or industrial uses of ultrasound, and explain why ultrasound (rather than
X-rays) is preferred for imaging a foetus during pregnancy.

Lai giai chi tiét

Uses: (1) prenatal medical imaging (scanning a foetus); (2) industrial flaw detection (finding
cracks/voids inside metal castings or welds); (also acceptable: sonar/echo sounding for mea-
suring water depth).

Ultrasound is non-ionising (unlike X-rays, which carry far more energy per photon), so repeated
or prolonged exposure does not damage living cells or DNA — making it far safer than X-rays
for imaging a developing foetus, where minimising radiation exposure is especially important.

Bai tap luyén tap

Explain the difference between reverberation and an echo, and state why reverberation is
especially noticeable in a large, empty, hard-walled hall.

Loi giai chi tiet

An echo is a single, distinct reflection of sound that arrives back at the listener after a no-
ticeable delay (typically more than about 0.1s), so the brain perceives it as a clearly separate,
repeated sound. Reverberation is the effect of many reflections arriving in quick succession,
so closely spaced in time that they blend with the original sound (and with each other) into
a single, prolonged sound rather than being heard as separate repeats. A large, empty, hard-
walled hall reflects sound repeatedly off its many hard surfaces (with little absorption, since
there is no soft furnishing or audience to absorb the sound energy), producing many overlap-
ping reflections and therefore strong reverberation.

Bai tap luyén tap

A sound wave of frequency 500 Hz travels through air at 340 m/s. Find its wavelength, and
explain whether it would diffract significantly through an open doorway of width 0.90 m.

Loi giai chi tiet

A= = o = [068m]

Since the doorway’s width (0.90 m) is comparable to this wavelength (0.68 m), the sound would
diffract significantly, spreading out well beyond the doorway — consistent with the everyday
experience of hearing sound clearly around an open door even when out of the line of sight.

Bai tap luyén tap

A railway worker presses her ear to a steel rail to detect an approaching train 1700 m away,
rather than listening through the air. Given the speed of sound is about 5000 m/s in steel and
340 m/s in air, find the time for the sound to arrive via each path, and explain the advantage
of listening through the rail.
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Loi giai chi tiét

. . d 1700 .. 1700
Via steel rail: t = — = £000 . Via air: t = 300 - .
(Y
Sound reaches the ear through the rail (a solid, with closely-packed, strongly-bonded particles

that transmit vibrations quickly) far sooner — about 15 times faster — than through the air,
giving much earlier warning of an approaching train.

Bai tap luyén tap

An ultrasound pulse sent into a metal block for flaw detection returns from the far surface
after 4.0 x 107° s (that is, 40 microseconds). The speed of sound (ultrasound) in this metal is
6000 m/s. Find the thickness of the block.

(A) 24cm (C) 6.0cm
(B) 12cm (D) 0.24cm

Loi giai chi tiet

" . 0.24
Round-trip distance = vt = (6000)(4.0 x 107°) = 0.24m. Thickness = — = 0.12m =

12 cm. (B).

Bai tap luyén tap

(Supplement) An object 4.0 cm tall is placed 25 cm from a converging lens, forming a real image
75 cm from the lens on the far side. Find the magnification and the height of the image.

Loi giai chi tiét

75 . . . . .
m=2=2_39 (no units — magnification is a ratio). Image height = 3.0 x 4.0 =|12cm |
u

Bai tap luyén tap

(Supplement) The refractive index of water is 1.33. Taking ¢ = 3.0 x 108 m/s, find the speed of

light in water.
(A) 2.26 x 108 m/s (C) 1.33 x 108 m/s
(B) 3.99 x 108 m/s (D) 4.0 x 108 m/s

Loi giai chi tiet

-

¢ 3.0x108
== ————

=22 108 . (A).
- — 6 x 10°m/s. (A)

Bai tap luyén tap

(Supplement) Diamond has a refractive index of 2.42. Calculate its critical angle.
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Loi giai chi tiét

1
sinC' = 549 0.413 = C = arcsin(0.413) = | 24.4° |

Bai tap luyén tap

A tuning fork vibrates with a period of 2.5 ms. Find (a) its frequency, and (b) the wavelength of
the sound it produces in air (v = 340 m/s).

Loi giai chi tiét

~ ~

Bai tap luyén tap

An ultrasound pulse sent to locate the boundary of an internal organ returns to the transducer
after 2.6 x 107°s. The speed of ultrasound in soft tissue is 1540 m/s. Find the depth of the
boundary below the skin.

(A) 2.0cm (C) 1.0cm

(B) 4.0cm (D) 0.5cm

Loi giai chi tiét

s 4.00
Round-trip distance = vt = (1540)(2.6 x 107°) = 0.0400m = 4.00cm. Depth = = =

2.00cm. (A).

Bai tap luyén tap

(Supplement) A periscope uses two right-angled glass prisms instead of two plane mirrors to
redirect light through 90° twice. Explain, using the idea of total internal reflection, why this
design loses less light than an equivalent design using ordinary silvered mirrors.

7 Loi giai chi tiét
Inside each prism, light strikes the hypotenuse face at 45°, which is greater than the critical
angle of glass (~ 42°), so total internal reflection occurs and, in principle, all of the light is
reflected at each face. A silvered mirror, by contrast, always absorbs a small fraction of the
light energy at its metallic reflecting surface every time light reflects from it. Using two mirrors
therefore causes two separate lots of light loss, producing a dimmer image than the prism
periscope, which reflects with virtually no loss of light at either face.

Bai tap luyén tap

(Supplement) A ray of light travelling in air strikes one face of a glass prism (n = 1.55) at an
angle of incidence of 35°, refracting into the glass. It then travels to a second face of the prism
and strikes it at an angle of incidence of 50° to that face’s normal. (a) Find the angle of refraction
at the first face. (b) Find the critical angle of this glass. (c) State, with a reason, whether total
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internal reflection occurs at the second face.

Loi giai chi tiét
, in35°  0.574 ,
(@) sinr = s;nss = 015575 = 0.370 = 7 = arcsin(0.370) = | 21.7°].

. 1 .
(b) sinC' = T 0.645 = C = arcsin(0.645) = [ 40.2° |

(c) Since the éngle of incidence at the second face (50°) is greater than the critical angle (40.2°),
\ total internal reflection occurs at the second face \

Bai tap luyén tap

A sound source vibrates at a constant frequency of 440 Hz. The sound travels first through air
(v = 340m/s) and then through water (v = 1500 m/s). Find the wavelength of the sound in
each medium, and explain why the wavelength changes although the frequency does not.

Loi giai chi tiét
v 340 v 1500
Aair:?:m: 0.773m | Awater:?:m:'

The frequency is fixed by the vibrating source and stays the same in both media; sincev = f\, a
fixed frequency means wavelength is directly proportional to speed, so the much faster speed
in water produces a proportionally longer wavelength there.

Bai tap luyén tap

(Supplement) Using the refractive indices n = 1.00 (air), 1.33 (water), 1.50 (glass) and 2.42
(diamond), and ¢ = 3.0 x 108 m/s, in which of these media does light travel slowest, and what
is its approximate speed there?

(A) Diamond; 1.24 x 103 m/s (C) Glass; 2.0 x 108 m/s
(B) Water; 2.26 x 108 m/s (D) Air; 3.0 x 108 m/s

Loi giai chi tiet

Since v = ¢/n, the largest refractive index gives the smallest speed. Diamond has the largest

. . . 3.0 x 108
n (2.42) of the four media, so light travels slowest in diamond: v = 20X 1.24 x 108 m/s.

2.42
(A).

Bai tap luyén tap

(Supplement) Two speakers emit sound waves of wavelength 0.60 m, driven exactly in phase.
A listener stands at a point where the path length from speaker A is 5.4 m and from speaker
B is 6.0 m. State, with a reason, whether the listener experiences constructive or destructive
interference at this point.

Loi giai chi tiét

Path difference = 6.0 — 5.4 = 0.6 m = 1 x )\ (exactly one whole wavelength).
Since the path difference is a whole number of wavelengths, the waves arrive in phase, so
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‘ constructive interference occurs (a loud sound is heard) ‘

Bai tap luyén tap

(Supplement) Two loudspeakers driven exactly in phase emit sound of wavelength 0.40 m. At
a certain point, the path difference between the two speakers is 0.20 m. What is heard at this
point?

(A) A very loud sound (constructive interfer- interference)

ence) (C) No sound reaches this point at all

(B) A very quiet or silent point (destructive (D) The pitch changes but not the loudness

Loi giai chi tiet

Path difference = 0.20m = % x 0.40m= %)\ — exactly half a wavelength, so the two waves
arrive out of phase (crest meets trough) and destructively interfere, producing a much quieter
point. (B).

Bai tap luyén tap

(Supplement) A car horn is sounded continuously as the car first approaches, then passes,
and then moves away from a stationary pedestrian. Describe how the pitch heard by the
pedestrian changes throughout, and explain this using the Doppler effect.

Loi giai chi tiét

While the car approaches, each successive sound wavefront is emitted closer to the pedes-
trian than the last, compressing the wavefronts together and raising the observed fre-
quency — the pedestrian hears a higher-than-normal pitch. As the car passes and then re-
cedes, each wavefront is emitted further away than the last, stretching the wavefronts out
and lowering the observed frequency — the pedestrian hears a lower-than-normal pitch.
‘ Pitch: higher while approaching, drops to lower once moving away | — the horn’s actual emit-
ted frequency never changes; only the observed frequency changes due to the relative motion
(the Doppler effect).

Bai tap luyén tap

(Supplement) Light from a distant galaxy is observed to have its spectral lines shifted towards
the red (longer-wavelength) end of the spectrum, compared with the same lines measured
from a stationary source in the laboratory. What does this redshift indicate about the galaxy’s
motion?

(A) The galaxy is moving away from Earth (C) The galaxy is stationary relative to Earth

(D) The galaxy is rotating but not moving
(B) The galaxy is moving towards Earth overall

Lai giai chi tiét

A shift to longer wavelength (lower frequency) is exactly the pattern expected, by the Doppler
effect, from a source receding (moving away) from the observer. (A).
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Bai tap luyén tap

A displacement-distance graph for a wave shows the pattern repeating every 2.4 m, with a
maximum displacement of 3.0 cm. Identify the amplitude and the wavelength shown by this
graph.

Loi giai chi tiet

The horizontal axis is distance, so the repeat spacing gives the wavelength, not the period.

Amplitude = . Wavelength A = [2.4m]|.

Bai tap luyén tap

A displacement-time graph for a wave (recorded at one fixed point) shows the pattern repeat-
ing every 0.040s. A student mistakenly reads this repeat spacing as a wavelength and writes
"X = 0.040 m.” Which statement correctly identifies the student’s error?

(A) No error - the reading is correct (C) The repeat spacing should have been di-

(B) The horizontal axis is time, so the repeat vided by two

spacing is the period T, not the wave- (D) The vertical axis, not the horizontal axis,
length should have been read

Loi giai chi tiet

Since the horizontal axis of this graph is time, the spacing between repeats gives the period
T = 0.040 s, not a wavelength — a wavelength can only be read from a displacement-distance
graph. (B).

Bai tap luyén tap

A transverse water wave is studied with two instruments. A displacement-distance snapshot
shows successive crests 0.50 m apart. A displacement-time trace at a fixed point shows suc-
cessive crests passing every 0.25s. Find the frequency and the speed of the wave.

Lai giai chi tiét

Wavelength (from the distance graph) A = 0.50 m. Period (from the time graph) 7' = 0.25s.

11
f=g=rs =[40Hz] v=fi=(4.0)(0.50) =[2.0m/s]

Bai tap luyén tap

A sound wave of frequency 680 Hz travels from air (v = 340 m/s) into water (v = 1500 m/s).
Find the wavelength in each medium, and state which medium has the longer wavelength.

(A) Air: 0.50 m; water: 2.21 m - water hasthe (C) Both media have the same wavelength

longer wavelength since frequency is unchanged
(B) Air: 2.0m; water: 0.45m - air has the (D) Air: 0.50m; water: 0.227 m - air has the
longer wavelength longer wavelength
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Loi giai chi tiét
v 340 v 1500
)‘air = ? = @ =0.50m. >‘water = —= = % =221m.
Since frequency stays fixed at the source and v = f\, the medium with the higher speed
(water) has the proportionally longer wavelength. (A).
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CAMBRIDGE IGCSE « Unit 4

Electricity and Magnetism

Muc tiéu Unit: Tir tinh (nam cham, dudng strc, nam cham dién); tinh dién (nhiém dién do co xat, irng
dung & nguy hiém); mach dién (dién tich, dong dién, hiéu dién thé, dinh ludt Ohm, dé thi -V, mach ndi
ti€p/song song - Supplement, cong suat, nang lugng dién); an toan dién (phich cdm 3 chan, cau chi, néi
dat); hiéu (rng dién tir (Supplement: luc tlr, quy tic ban tay trai/phai, dong co dién, cam (rng dién tur,
may bién ap, truyén tai dién nang).

4.1 Magnetism

A magnet is an object that produces its own magnetic field and attracts certain materials. Every
magnet has two poles, a north (N) pole and a south (S) pole, and the magnetic effect is strongest at
the poles. Like poles repel one another (N-N or S-S), while unlike poles attract one another (N-S).
This is the basis of the standard test for whether an object is a magnet: a genuine magnet will repel
one pole of a known magnet (attraction alone is not conclusive, because an unmagnetised piece of
iron is also attracted to either pole of a magnet — only repulsion proves both objects are magnetised).

Magnetic materials (attracted to a magnet, can themselves be magnetised): iron, steel, cobalt,
nickel — collectively called ferromagnetic materials. Non-magnetic materials: all other mate-
rials, including copper, aluminium, gold, wood, plastic, and most other metals and non-metals
— these are not attracted to a magnet and cannot be magnetised.

When an unmagnetised piece of a magnetic material (e.g. an iron nail) is brought close to a mag-
net, it becomes an induced magnet — it develops its own north and south poles (the end nearer
the permanent magnet’s pole becomes the opposite pole, so it is always attracted, never repelled)
and can then attract other magnetic objects itself. This induced magnetism disappears (fully for soft
iron, largely for steel) once the permanent magnet is removed.

A simple way to picture why some materials are magnetic and others are not is to imagine a
ferromagnetic material as being made up of many tiny regions, each behaving like a miniature mag-
net with its own tiny north and south pole. In an unmagnetised sample, these tiny regions point
in random directions, so their individual effects cancel out overall and the material shows no net
magnetism. In a magnetised sample, the tiny regions have been lined up so that they mostly point
the same way, and their effects add together to give a strong overall magnetic field with poles at the
ends of the material. This is also why an induced magnet forms almost instantly when a magnetic
material is placed near a strong magnet (the tiny regions realign quickly), and why hitting or heating
a magnet can weaken it (the impact/heat jumbles the alignment again).
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Z
(7]

Magnetic field pattern around a bar magnet: field lines emerge from the N pole, curve around, and re-enter at the S pole;
they are closest together (field strongest) near the poles, and never cross.

A magnetic field is a region of space where a magnetic material or another magnet experiences
a force. Field lines are drawn (by convention) pointing from N to S outside the magnet; arrows
show the direction a free north pole would move if placed there; lines are closer together
where the field is stronger, and field lines never cross.

Plotting compass method: a small plotting compass is placed near the magnet, and a dot is
marked at the position of its (north-seeking) pole tip; the compass is then moved so its tail sits on
the previous dot, and a new dot is marked — repeating this traces out one complete field line, and the
process is repeated starting from different points around the magnet to map the whole field pattern.
The compass needle itself simply aligns with the local field direction at every point along the way.

GIAI THICH TIENG VIET
Nam cham c6 hai cuc Bic (N) va Nam (S); ciing cuc thi day nhau, khac cuc thi hiat nhau. Cach
ki€m tra mét vat cé phai nam cham hay khéng 1a dung luc day (chi c6 2 nam cham that méi
day nhau; hat nhau khéng du dé két luan, vi sat chua nhiém tir cling bi hat béi ca hai cuc). Vat
liéu tir tinh (s3t, thép, coban, niken - goi chung la sat ttr) c6 thé bi nhiém tir tam thoi khi dat
gan nam cham (nhiém tir do cam &ng), va mat tir tinh khi 18y nam cham ra (dac biét véi sit
non). Pudng strc tir di ra tir cuc Bac, vong quanh va di vao cuc Nam; cang gan cuc, dudng sutrc
cang day (tr truong cang manh). Phuong phép la ban do: dat la ban nho, danh dau dau kim,
di chuyén la ban dé dudi kim trung dau vira danh, I3p lai d€ vé ra mot dudng sirc hoan chinh.

4.1.1 Permanent Magnets and Electromagnets

Steel is used to make permanent magnets: it is magnetically "hard” — difficult to magnetise, but
once magnetised it retains its magnetism well and is not easily demagnetised (useful for compass
needles, fridge magnets, loudspeakers). Soft iron is used for the cores of electromagnets and for
other induced-magnetism applications (e.g. transformer cores, relay armatures): it is magnetically
"soft” — very easy to magnetise strongly, but it also loses its magnetism almost completely and
instantly once the magnetising field is removed. This is essential for an electromagnet, which must
switch its magnetism on and off (with the current) rather than staying permanently magnetised.

Steel — permanent magnets (hard to magnetise, retains magnetism). Soft iron — electromag-
net cores, relays, transformer cores (easy to magnetise, loses magnetism instantly when the
current is switched off).

A permanent magnet can be demagnetised (its ordered internal alignment disrupted, jumbling
the tiny magnetic regions back into random orientations) in several ways: hammering or repeat-
edly dropping the magnet (mechanical shock disturbs the alignment); heating it strongly (above a
temperature called the Curie point, thermal vibration randomises the alignment, and even below
this temperature strong heating weakens it); or placing it inside a solenoid carrying a decreasing al-
ternating current, which repeatedly reverses and shrinks the applied field, gradually scrambling the
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internal alignment in a controlled way. Conversely, a magnet can be strengthened (or an unmagne-
tised bar first magnetised) by stroking it repeatedly in the same direction with one pole of a strong
magnet, or by placing it inside a solenoid carrying direct current.

. GIAI THICH TIENG VIET

Thép dung [dm nam cham vinh clru vi khé nhiém tr nhung gilr tir tinh 1au dai (ham cham
"clirng”). Sat non dung lam 16i nam cham dién vi dé nhiém tir manh nhung mat tir tinh gan nhw
ngay lap tire khi ngat dong dién (nam cham "mém”) - diéu nay rat quan trong vi nam cham dién
can bat/tat tir tinh theo y muén. Co6 thé khir tr mot nam cham bang cach dap/rung manh,
nung néng, hodc dat trong dng day c6 dong xoay chiéu giam dan; nguoc lai cé thé nhiém tir
bang cach vuét cling chiéu véi mét cuc nam cham manh, hoac dit trong 6ng day c6 dong mot
chiéu.

4.1.2 Magnetic Fields of Currents (Supplement)

(Supplement) An electric current always produces a magnetic field around itself. Around a long
straight wire, the field lines are concentric circles centred on the wire, in planes perpendicular
to it; the field is stronger closer to the wire (circles closer together) and weaker further away.
The direction is given by the right-hand grip rule: grip the wire with the right hand, thumb
pointing in the direction of conventional current (from 4 to —), and the curled fingers show the
direction of the field lines.

Inside a solenoid (a long coil of wire), the fields of all the individual turns add together to produce
a strong, uniform field along the axis, very similar in shape to the field of a bar magnet — with field
lines emerging from one end (behaving as a N pole) and entering the other (S pole), and looping back
around the outside. Applying the right-hand grip rule to the solenoid (curl the fingers in the direction
of the current flowing around the coil) makes the thumb point along the axis in the direction of the
field inside the coil, i.e. out of the N end.

wire (I out of page)

D (-

(b) Field of a solenoid: like a bar magnet

(a) Field around a straight wire: concentric circles

(Supplement) (a) Right-hand grip rule around a straight current-carrying wire gives concentric circular field lines. (b) A
solenoid’s field, found the same way, matches the pattern of a bar magnet, with the field strongest and most uniform
inside the coil.

. GIAI THICH TIENG VIET

(Supplement) Dong dién luén tao ra tir trudng xung quanh né. Quanh mét day dan thing,
dudng strc 1a cac vong tron dong tam; dung quy tac nam tay phai (ngén cai chi chiéu dong
dién, cac ngén con lai cudn theo chiéu dudng sirc) dé xac dinh chiéu tur trudng. Bén trong 6ng
day (solenoid), tir trwdng ctia cac vong day cong doén lai tao ra tlr trudng manh, déu, cé hinh
dang giéng hét nam cham thang, v&i mot dau 1a cuc Bic va dau kia 1a cuc Nam.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 98



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

4.2 Static Electricity

When two suitable insulating materials are rubbed together (e.g. a polythene rod with a cloth, or a
plastic comb through dry hair), electrons are transferred from one surface to the other by friction.
Charge is never created or destroyed in this process — only transferred: the material that gains
electrons becomes negatively charged (excess of electrons), while the material that loses electrons
becomes positively charged (deficit of electrons), and the two charges are always equal and opposite.

Like charges repel; unlike charges attract — exactly analogous to magnetic poles. Charge is
measured in coulombs (C). Charging by friction is always due to the movement of (negatively
charged) electrons only — protons are bound tightly inside the nucleus and never move be-
tween materials in these processes.

Charge is not infinitely divisible: every charge, however it is produced, is always an exact whole-
number multiple of the tiny charge carried by a single electron, e = 1.6 x 10~ C (this is called
the elementary charge). The very large numbers of electrons transferred during ordinary charging
by friction (typically many billions) is exactly why the resulting charge, though built from discrete
electrons, appears as a smooth, continuously-adjustable quantity in everyday measurements.

Vi du 2b - Number of electrons transferred by friction

After rubbing a polythene rod with a cloth, the rod is found to carry a charge of —3.2 x 1079 C.
Given the charge of one electron is e = 1.6 x 107Y C, find the number of (surplus) electrons
on the rod.

total charge 3.2 x107?
e 1 0-19 —
excess electrons, transferred from the cloth onto the rod by friction.

Number of electrons =

=12.0 x 10'Y electrons \ — twenty billion

An electric field exists in the region around any charged object, exerting a force on any other
charge placed within it. By convention, electric field lines are drawn pointing from positive to negative
— i.e. in the direction a small positive test charge would be pushed if placed at that point; the lines
are closer together where the field is stronger.

(a) Radial field around an isolated poifit)ddaifgem field between charged parallel plates

(a) The field around an isolated positive point charge points radially outward in all directions, becoming weaker (field
lines further apart) at greater distance. (b) Between two oppositely-charged parallel plates, the field lines are straight,
parallel and evenly spaced (except near the edges), showing a uniform field of the same strength at every point between
the plates.

(1) L6i thuerng gap: Charging by friction never creates charge out of nothing — it simply transfers
existing electrons from one object to the other. If one object ends up with charge +@, the
other object it was rubbed against must end up with exactly —@ (equal and opposite), since
the total charge of an isolated system is always conserved.

(Supplement) Charging by induction allows an object to be charged without any direct contact or
friction, using only the electric field of a nearby charged object. For example, bringing a negatively
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charged rod close to (but not touching) an isolated, initially neutral metal sphere repels the sphere’s
free electrons to the far side, leaving the near side positively charged (and the far side negatively
charged) — this separation of charge is called induction. If the far side of the sphere is then earthed
(briefly connected to the ground) while the rod is still present, the repelled electrons flow away to
earth; removing the earth connection and then the rod leaves the sphere with a genuine, permanent
positive charge (opposite in sign to the inducing rod), spread evenly over its surface.

. GIAI THICH TIENG VIET

Nhiém dién do co xat 1a do su di chuyén cua electron tir vat nay sang vat kia (khdng phai "tao
ra” dién tich) - vat mat electron thi nhiém dién duong, vat nhan thém electron thi nhiém dién
am, va tong dién tich luén dugc bao toan. Dién tich cung dau day nhau, trdi ddu hat nhau.
Pudong strc dién trudng quy uwdce di tir cue dwong sang cwec am. Dién tich khong chia nho vo
han - luén 13 bdi s6 nguyén cua dién tich electron e = 1.6 x 1079 C. (Supplement) Nhiém dién
do hudng rng (cdm rng) xay ra khi mét vat tich dién duoc dua dén gan (khéng cham) mot vat
trung hoa, lam dién tich trong vat trung hoa tach ra thanh hai phia trai dau; néu néi dat phan
dién tich cung dau véi vat gady cdm (rng rbi thdo day néi dat va dua vat tich dién di, vat ban
dau sé gilr lai dién tich trai dau véi vat gdy cam (rng.

4.2.1 Uses and Dangers of Static Electricity

Uses: Spray painting — the paint droplets and the object being sprayed are given opposite
charges, so the droplets are attracted directly and evenly onto every surface (including the sides
facing away from the nozzle), reducing wasted paint. Photocopiers / laser printers — a charged
drum attracts oppositely-charged toner powder only in the pattern of the image/text, which
is then transferred and fused onto paper. Electrostatic precipitators / smoke precipitation
— waste gases from a chimney pass charged electrodes (or plates) that charge the soot/dust
particles; the charged particles are then attracted to and collected on oppositely charged plates,
removing them from the gas before it is released, reducing air pollution.

Dangers: Static charge can build up on ungrounded objects (e.g. a fuel tanker, or a person walk-
ing on synthetic carpet) until it discharges suddenly as a spark. This is a serious hazard during
aircraft or road-tanker refuelling, where a spark could ignite flammable fuel vapour; lightning
is a large-scale natural example, caused by the build-up and sudden discharge of static charge
between storm clouds and the ground. Precautions: earthing (connecting a conductor to the
ground with a wire so that charge safely and continuously flows away rather than building up)
and bonding (connecting two objects, e.g. a fuel tanker and the aircraft/storage tank, with a
conducting wire before transferring fuel, so both are kept at the same electric potential and no
spark can jump between them).

GIAI THICH TIENG VIET

Ung dung tinh dién: son phun tinh dién (giot son va vat duoc tich dién trai dau dé son bam déu
moi méat), may photocopy/may in laser (tréng tich dién hat bét muc theo ddng hinh anh/vén
ban can in), loc bui tinh dién (hat bui trong khi thai bi tich dién réi hat vao tam ban cuc trai
dau, giam 6 nhiém khong khi). Nguy hiém: tia lira dién tinh cé thé gay chay né khi tiép nhién
liéu (xe bon, may bay), va sét chinh 1a hién tuong phong dién tinh quy mé 1&n gitra ddam may
va mat dat. Bién phap phong nglra: ndi dat (dan dién tich an toan xudng dat) va néi dang thé
(bonding) gitra cac thiét bi trudc khi ti€p nhién liéu dé khéng c6 chénh léch dién thé gay tia
[Cra.
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4.3 Electric Circuits: Charge, Current and Potential Difference

Electric current I is the rate of flow of electric charge; electric charge () is measured in coulombs (C),
and current is measured in amperes (A, or amps). Conventional current is defined as flowing from +
to — around a circuit (the opposite direction to the actual flow of electrons in a metal wire, which
flow from — to +).

Q=1It = I:Q

t

where Q@ is charge in coulombs (C), I is current in amperes (A), and ¢ is time in seconds (s).
Current is measured with an ammeter, always connected in series in the part of the circuit
whose current is being measured (so that all the charge passing through that component also
passes through the ammeter); an ideal ammeter has (approximately) zero resistance, so it does
not affect the current it is measuring.

Vi du 1 - Charge from current and time

A current of 5.0 A flows through a wire for 60 s (one minute). Find the charge that passes any
point in the wire.

Q = It = (5.0)(60) =[300C]

Potential difference (p.d.), or voltage V, between two points is the (electrical) energy transferred
(work done) per unit charge passing between those two points:

=9
where W is the energy transferred (in joules, J) and @ is the charge (in coulombs, C) that passes;
V is measured in volts (V), where 1 V = 1 J/C. Potential difference is measured with a volt-
meter, always connected in parallel with (i.e. across) the component whose p.d. is being mea-
sured; an ideal voltmeter has (approximately) infinite resistance, so it draws negligible current
and does not disturb the circuit it is measuring.

Vi du 2 - Energy transferred from charge and p.d.

A charge of 5.0 C passes through a lamp connected to a 12V supply. Find the electrical energy
transferred.

W =QV = (5.0)(12) = [60J |

() L6i thueng gap: An ammeter must always be wired in series (broken into the current path
itself) — never in parallel, since its very low resistance would short-circuit the component and
could allow a dangerously large current to flow. A voltmeter must always be wired in parallel
(connected across two points) — never in series, since its very high resistance would almost
completely block the current in the circuit. A quick way to remember: "Ammeter in series, sees
all the current; voltmeter in parallel, feels the voltage gap.”

- GIAI THICH TIENG VIET
Dong dién I = Q/t (don vi ampe, A) do bang ampe ké mic néi tiép; hiéu dién thé V = W /Q
(don vi von, V) do bang von k& mac song song. Day 13 16i rat hay gap: mac ampe k& song song
hodc von ké ndi tiép sé lam sai léch hoan toan mach dién (ampe ké song song gay doan mach;
von ké néi ti€p gan nhu chan hét dong dién).
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4.4 Resistance, Ohm's Law and I--V Characteristics
Resistance R measures how strongly a component opposes the flow of current, defined by

R= % (Ohm'’s Law, one useful rearrangement: V = I R)

where R is in ohms (Q2), V is in volts, and I is in amps. A resistor is said to obey Ohm'’s Law if
its resistance stays constant regardless of current — i.e. if V and I are directly proportional —
which is true for a metal wire/resistor only while its temperature stays constant.

Vi du 3 - Ohm’s law: finding current and power

A resistor of resistance 15 () is connected across a 30V supply. Find (a) the current through it
and (b) the power it dissipates.

vV 30
=2 - _90nA
@I=14=15=20

(b) P =VI=(30)(2.0) =60W (check: P = I?R = (2.0)2(15) = (4.0)(15) = 60 W V).

4.4.1 1-V Characteristic Graphs

The I-V characteristic of a component is a graph of current I (usually on the vertical axis) against
potential difference V across it, and reveals how its resistance behaves.

Resistor (const. temp.)

I(A)

V (V) Filament lamp

V (V)

Left: a resistor at constant temperature gives a straight line through the origin — I « V/, constant resistance (Ohm’s Law
obeyed), same behaviour for both current directions. Right: a filament lamp gives a curve that flattens (gradient = 1/R
decreases) as V' (and hence current) increases, because the filament heats up, and resistance of a metal increases with

temperature.

Resistor (constant temperature): straight line through the origin — constant resistance. Fil-
ament lamp: curve bending towards the V-axis as V' increases — resistance increases with
current, because the filament gets hotter (increased vibration of the metal ions makes it harder
for the "sea” of free electrons to drift through), and metals have higher resistance at higher
temperatures.

(Supplement) A diode conducts current in only one direction. In the forward direction, once the
p.d. across it exceeds a small threshold (typically around 0.6 0.7V for silicon), current rises steeply
with only a small further increase in V (very low resistance). In the reverse direction, an ideal diode
allows (essentially) no current to flow at all, however large the reverse voltage — behaving as an
almost infinite resistance. This makes diodes useful for converting a.c. into d.c. (rectification), since
they only ever let current through one way.
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GIAI THICH TIENG VIET
Do thi I-V cua dién tré & nhiét dd khong déi la dwong thang qua goc toa do (dién tré khong
déi, tuadn theo dinh ludt Ohm). D6 thi cla bong dén day téc 1a mét duéng cong bet dan vi
day téc nong lén khi dong dién tang, lam dién tr& kim loai tang theo nhiét d6. (Supplement)
Diode chi cho dong dién di qua theo mét chiéu (chiéu thuan, sau mét ngudng dién ap nho);
theo chiéu ngugc lai, gdn nhu khéng cé dong dién nao di qua.

4.4.2 Factors Affecting the Resistance of a Wire
For a wire of a given material at constant temperature, resistance depends on three factors:

Length L: resistance is directly proportional to length (R o L) — alonger wire means electrons
must travel further, colliding with more ions along the way. Cross-sectional area A: resistance
is inversely proportional to area (R « 1/A) — a thicker wire gives electrons more "room,’
i.e. more parallel paths, to flow through, lowering resistance. Material (resistivity): different
materials resist current flow to very different extents even at the same dimensions and tem-
perature — this material property is called resistivity p (unit 2 m). (Supplement) Combining all
three factors gives

_ L

="

Vi du 4 - Resistance from resistivity, length and area

(Supplement) A resistance wire of resistivity p = 1.10 x 107% QO m has length 2.0 m and cross-
sectional area 0.50 mm? (= 5.0 x 10~ m?). Find its resistance.

pL  (1.10 x 1079)(2.0)  2.20 x 1076

A 5.0 x 10~7 5.0 x 1077
If this same wire were instead cut in half (length 1.0 m, same area), its resistance would halve to
2.2 Q); if instead its cross-sectional area were doubled (same length), its resistance would also
halve.

GIAI THICH TIENG VIET
Dién tré cila mot day dan ti 1é thuan véi chiéu dai (day dai hon thi can tré dong dién nhiéu
hon) va ti Ié nghich véi tiét dién (day day hon thi dé dan dién hon), déng thdi phu thudc vao
vat liéu (dién tro suat p). (Supplement) Coéng thirc day du: R = pL/A.

4.4.3 Resistance That Changes with Conditions: Thermistors and LDRs

Besides fixed resistors, some special components are deliberately designed so that their resistance
changes strongly and predictably with an external condition, which makes them useful as sensors in
circuits.

A thermistor has a resistance that decreases sharply as its temperature increases (the opposite
behaviour to an ordinary metal wire) — used in temperature-sensing circuits, e.g. car engine
thermometers and thermostats. A light-dependent resistor (LDR) has a resistance that de-
creases sharply as the light intensity falling on it increases — used in light-sensing circuits, e.g.
automatically switching on street lamps or a camera’s light meter.
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Vi du 4b - Reasoning with a thermistor sensor circuit

A thermistor is connected in series with a fixed resistor and a battery of constant voltage.
Explain what happens to the current in the circuit as the temperature falls.

As temperature falls, the thermistor’s resistance increases (its defining property is the reverse
of this: resistance falls as temperature rises, so a temperature fall means its resistance rises).
Since it is in series with the fixed resistor, the total circuit resistance increases; with the supply
voltage unchanged, I = V /R, means the current decreases as the temperature falls. (This
is exactly how a simple thermistor-based temperature alarm or thermostat circuit can detect
a change in temperature.)

GIAI THICH TIENG VIET
mRhiét dién tra (thermistor) cé dién trd gidam khi nhiét do tang (nguoc vai day kim loai thong
thuong) - dung lam cadm bién nhiét do. Quang tré (LDR) cé dién tra giam khi cuong do anh
sang tang - dung lam cam bién anh sang (vi du: dén duong tu dong bat khi troi toi).

4.5 Series and Parallel Circuits
4.5.1 Series Circuits

In a series circuit, all components are connected end-to-end in a single loop, so there is only one
path for current to flow.

Series circuit rules: (1) the current is the same at every point around the loop (charge cannot
build up or disappear anywhere); (2) the total resistance is the sum of the individual resistances,
Riotal = Ry + Ry + Ry + ...; (3) the supply p.d. is shared (divides) between the components, in
direct proportion to each one’s resistance — the sum of the individual p.d.s equals the supply
p.d., Voyppty = V1 + Vo + V3 + ...

O,

cell T

I}\sa/rpe everyvy\he €)
VvV VA%
Ry Ry

Series circuit: one cell, one ammeter (reads the single current common to the whole loop), and two resistors R, , R, in

the same loop.

Vi du 5 - Series circuit voltage divider

A 20V supply is connected in series with a 3.0 Q2 resistor R, and a 7.0 resistor R,. Find the
current in the circuit and the p.d. across each resistor.

Vo2
Ry = Ry + Ry =3.0+7.0=10Q. I = _2

= = 2.0 A (same current through both
Rtotal 10 ( 8

resistors).

V, =IR, = (2.0)(3.0) =6.0V.  V,=1R, = (2.0)(7.0) = 14 V.

Check: V; +V, = 6.0+ 14 = 20V = supply voltage v'. The larger resistor takes the larger share
of the voltage — this is the "voltage divider” principle.
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GIAI THICH TIENG VIET
Trong mach néi tiép: dong dién nhu nhau tai moi diém, dién tré téng bang téng cac dién tro
thanh phan, va hiéu dién thé nguén dugc chia cho cac dién trd theo ti I1é thuan vai gia tri dién
tré (dién trd 16n hon thi "gdnh” phan dién ap |6n hon).

4.5.2 Parallel Circuits (Supplement)

In a parallel circuit, components are connected across separate branches between the same two
points, so there are multiple paths for current.

(Supplement) Parallel circuit rules: (1) the p.d. is the same across every branch (all branches
connect the same two points/nodes); (2) the total current from the supply equals the sum of
the currents in each branch, I, = I, + I, + I3 +... (current divides, with more current flowing
through the branch of lower resistance); (3) the total resistance is found from

and Ry, is always smaller than the smallest individual branch resistance.

()
\I:n{nch node
R,

cell F %

R,

(Supplement) Parallel circuit: two resistors R, R, form separate branches between the same two nodes, so both have
the same p.d. across them, while the ammeter (placed in the main line) reads the total current supplied.

Vi du 6 - Two resistors in parallel

(Supplement) A 12 Q resistor and a 4.0 2 resistor are connected in parallel across a 12V supply.
Find (a) the total (combined) resistance and (b) the current in each branch and the total current

drawn from the supply.
1 1 1 1 3 4 1

T 12 = = Ry = 3.00.
Ryt 12 + 4.0 12 total

12 12 3

V12 V12
bI,=—=—"=10A. IL,=—=--=30A

b) 1, R, 12 T Ry, 4.0

Lt = I, + I, = 1.0+ 3.0 = 4.0A (check via total resistance: Iy, = V/Riota = 12/3.0 =
4.0A V).

Vi du 7 - Three unequal resistors in parallel

(Supplement) Resistors of 2.0, 3.00 and 6.0 Q are connected in parallel. Find the combined
resistance.

1 1 1 1 3 2 1 6
=sntantTan=atata=z=1= Ry =[1.00]
Rigta 2.0 * 30 60 6 + 6 T 6 6 total

Notice this combined resistance (1.0) is smaller than even the smallest individual resistor
(2.0Q) — adding another parallel path always gives current an easier ("wider”) route overall,
so total resistance can only ever decrease as branches are added.
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(1) L6i thuong gap: The combined resistance of resistors in parallel is always less than the
smallest individual branch resistance — never in between the values, and never larger. A
common error is to average the resistances or simply add them as if in series; remember that
adding more parallel branches always gives current more ways to flow, so it can only make the
overall resistance smaller.

GIAI THICH TIENG VIET
Trong mach song song: hiéu dién thé& nhu nhau trén moi nhanh, dong dién téng bang téng
dong dién cac nhanh, va dién tré tuong duong luén nhé hon dién tré nhd nhat trong cac
nhanh - day 1 16i rat phé bién khi hoc sinh nham tuéng dién trd tuong duong ndm gitra cac
gia tri ho3c bang téng chung.

4.5.3 Combined Series-Parallel Circuits (Supplement)

Many practical circuits combine both series and parallel sections. The standard method is to simplify
step by step: first combine any parallel branches into a single equivalent resistance, then treat the
resulting network as a simple series circuit (or vice versa, working from the inside outward).

Vi du 8 - Combined series-parallel circuit

(Supplement) A 24V supply is connected in series with a 4.0 resistor R,, which then leads
into two resistors R, = 6.0Q and R; = 3.0 connected in parallel with each other. Find (a)
the total resistance of the circuit, (b) the total current supplied, (c) the p.d. across the parallel
section, and (d) the current through each of R, and R;.

1 1 1 1 2 3 1
a) Parallel section: — = — 4+ — = —=—-= Ry3 =200
@ Ry 60730676 6 2 2
This is now in series with R;: Ry, = R + Ry3 = 4.0+ 2.0 =6.0€.
Vv 24 . . .
(b) Ligtas = T 60" 4.0 A — this is also the current through R, since R, carries all the
total :

current before it splits.
(c) P.d. across the parallel section: V,5 = I,1, X Ry3 = (4.0)(2.0) = 8.0V.
(check: p.d. across R, is V; = LRy = (4.0)(4.0) = 16V;and V; + Vo3 = 16 + 8.0 = 24V =
supply v')

|7 0 4
dL,=-2="=-~133A [;=-2=_"=_~26TA
()2R2 0 3 Ry, 30 3

4 8 12

. GIAI THICH TIENG VIET

(Supplement) V&i mach hén hop (vira ndi ti€p vira song song), phuong phap chuan Ia rat gon
dan tirng buéc: gdp phan song song thanh mot dién tra tvong duong duy nhat trudce, sau dé
x(r ly toan mach nhu mach néi ti€p don gidn. Dong dién qua dién tré ndi ti€p trude diém chia
bang dung téng dong dién cla cac nhanh song song sau dé.

Qo

 Vas 80 8

(@)
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4.6 Electrical Power, Energy and Cost

Electrical power:

V2

R

(all three forms are equivalent, from substituting V' = I R); P is in watts (W), where 1W = 1 J/s.
Electrical energy transferred:

P=1V=I’R=

E =Pt

where t is time in seconds for energy in joules. For billing purposes, energy is instead usually
measured in kilowatt-hours (kWh):

E (kWh) = P (kW) x t (hours), Cost = E (kWh) x price per kWh.

Vidu 9 - Electrical energy and cost

An electric kettle rated at 2.5 kW is used for 0.40 h (24 minutes). Electricity costs $0.25 per
kWh. Find (a) the energy used, in kWh, and (b) the cost.

(a) E = Pt = (2.5)(0.40) = 1.0kWh.

(b) Cost = E x price = (1.0)(0.25) =|$0.25 |.
Vi du 9c - Heat generated in an overloaded cable

A mains extension cable has a resistance of 0.80 Q2. Find the heat energy generated in the cable
in 60 s if it carries (a) its normal safe current of 5.0 A, and (b) an overloaded current of 15 A (three
times as much, from too many appliances plugged in at once).

(@) E = I2Rt = (5.0)2(0.80)(60) = (25)(0.80)(60) = 1200 J.

(b) E = I?’Rt = (15)2(0.80)(60) = (225)(0.80)(60) = — nine times as much heat
energy (since I? has increased by a factor of 32 = 9) generated in the same cable in the same
time, illustrating exactly why overloading a cable makes it dangerously hot.

Circuit symbols (standard): cell (long line +, short thick line —); battery (two or more cells in
series); switch (open contact in the line); fixed resistor (rectangle box, or zig-zag); variable re-
sistor / rheostat (rectangle with a diagonal arrow through it, or a zig-zag with a diagonal arrow);
lamp (circle with a cross inside); ammeter (circle with letter A); voltmeter (circle with letter V);
fuse (rectangle, sometimes shown as a small box in-line, marked with its current rating); diode
(triangle pointing in the direction of conventional (forward) current flow, with a bar across the
tip).
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Component Symbol description

Cell one long thin line (+) and one short thick line (—), side by side
Battery two or more cell symbols in a row (same polarity convention)
Switch a break in the wire with a hinged lever that can close the gap
Fixed resistor a plain rectangle in the wire (or a zig-zag line)

Variable resistor (rheostat) a rectangle with a diagonal arrow drawn through it

Lamp a circle with an x inside it

Ammeter a circle containing the letter A

Voltmeter a circle containing the letter V

Fuse a small rectangle in the line, labelled with its current rating
Diode a triangle (pointing in the forward-current direction) with a bar at its tip

Standard IGCSE circuit-diagram symbols used throughout this unit.

- GIAI THICH TIENG VIET
Cong suat dién P = IV = I?R = V?/R; nang lugng dién E = Pt. D€ tinh héa don tién dién,
nang lugng thudng tinh theo kilowatt-gio (kWh): E (kWh) = P (kW) x t (gid), roi nhan véi
don gia moi kWh dé ra chi phi. Cac ky hiéu mach dién chuan (pin, céng tic, dién trd, bién trd,
dén, ampe k&, von k&, cau chi, diode) can nhé chinh xac dé vé va doc so dé mach dién.

4.7 Practical Electricity and Safety

Mains electricity supplied to homes is alternating current (a.c.) — the current repeatedly reverses
direction (and the voltage repeatedly reverses polarity) many times per second (e.g. 50 or 60 com-
plete cycles per second, depending on the country) — unlike the direct current (d.c.) from a cell or
battery, which flows in one direction only.

4.7.1 Why Household Wiring Uses Parallel Circuits

Lamps, sockets and appliances in a house are wired in parallel with each other across the live and
neutral mains supply, never in series, for two decisive practical reasons:

(1) Every appliance connected in parallel receives the full mains voltage, regardless of how
many other appliances are also switched on — exactly as required, since appliances are de-
signed to run at a fixed rated voltage (e.g. 230 V), not a fraction of it that would depend on what
else happened to be plugged in. (2) Each appliance can be switched on or off independently
of all the others (switching one branch off simply removes that one path, without affecting the
current in any other branch) — if appliances were wired in series instead, switching just one of
them off would break the single shared current path and switch every appliance in the house
off at once, and a single blown lamp filament would cut power to the whole house.

mains

Household appliances are wired in parallel branches across the live/neutral supply: each receives the full mains voltage
and can be switched on or off without affecting the others.
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- GIAI THICH TIENG VIET
Céac thiét bj trong nha duoc mic song song (khdng phai néi tiép) vi hai ly do: (1) méi thiét bj
nhan dung dién ap dinh mlrc day da du c6 bao nhiéu thiét bj khac dang hoat dong; (2) moi
thiét bi c6 thé bat/tat doc 1ap - néu mic néi tiép, tat mot thiét bi (hodc mot bong dén chay)
sé lam ngat dién toan bd cac thiét bi con lai trong nha.

Vi du 9b - Total current drawn by parallel household appliances

Two 60 W lamps and a 2.0 kW heater are all connected in parallel to the 230 V mains supply
and switched on together. Find the total current drawn from the supply.

Since all three appliances are in parallel, each receives the full 230V, and their powers simply

add: P, = 60 + 60 + 2000 = 2120 W.

Piotal 2120

Liota = v = om0 = 9.22 A | (to 3 s.f.) — equivalently, this equals the sum of each appli-

ance’s own current (60/230 + 60/230 + 2000/230 = 0.261 + 0.261 + 8.70 = 9.22 A V).

4.7.2 The Three-Pin Plug
A standard mains plug has three wires, each with a specific colour code and role:

Live wire (brown): carries the alternating potential difference from the supply, alternating be-
tween positive and negative relative to earth; this is the wire that is dangerous to touch. Neu-
tral wire (blue): completes the circuit back to the supply, and is normally at (or very close to)
0V (earth potential). Earth wire (green-and-yellow stripes): a safety wire connected to the
case/metal body of an appliance and to the ground; it carries no current in normal operation,
only if a fault occurs.

~

green/yellow

blue

Live Neutral

Three-pin plug wiring: live (brown) passes through the fuse before connecting to the appliance; neutral (blue) and earth
(green/yellow) connect directly. The cable’s outer sheath is gripped firmly by a cable clamp so that a yank on the cord
cannot pull any individual wire loose.

Fuse rating: the fuse (or circuit breaker) is chosen with a current rating just above the normal
operating current of the appliance (common ratings: 3A, 5 A, 13 A) — e.g. an appliance drawing
2.5 A normally should use a 3 A fuse (not, say, a 13 A fuse, which would allow a dangerously
large fault current to flow for a long time before "blowing”). If the current exceeds the fuse’s
rating (e.g. due to a fault), the thin fuse wire inside heats up and melts, breaking the circuit and
cutting off the current before wires overheat and start a fire; a circuit breaker does the same
job electromagnetically/thermally and can simply be switched back on afterwards, instead of
being replaced.
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Why the fuse and switch are placed in the live wire: if they were instead placed in the neutral
wire, the appliance would still be switched "off” from the user’s point of view (no current flows),
but the live wire — and hence the appliance’s internal wiring and casing — would remain live
and dangerous, at full mains potential, even with the switch open or the fuse blown. Placing
the fuse and switch in the live wire ensures that, once they operate/switch off, the whole
appliance is safely disconnected from the dangerous live potential.

Further electrical hazards: Damaged insulation on a cable can expose bare live wire, creating a
serious shock risk if touched, or a fire risk if the bare wire touches another conductor; damaged
cables should always be replaced rather than used. Overloading a single socket or circuit —
by plugging in too many high-power appliances at once (e.g. via multiple adaptors) — can draw
a total current greater than the wiring and fuse were designed for, causing the cable itself
to overheat (even before the fuse blows, since the fuse only protects against currents above
its own rating, not the rating of every individual cable in a shared adaptor) and creating a fire
risk. Damp or wet conditions greatly increase the danger of electric shock, because water
(especially with dissolved salts/impurities, as in tap water or sweat) conducts electricity far
better than dry skin does, so a person with wet hands or standing on a wet floor offers a much
lower-resistance path for current to flow through their body — this is why switches are kept
well away from showers/baths, and why appliances are never operated with wet hands.

Earthing: the earth wire connects the metal casing of an appliance directly to the ground (0 V),
providing a path of very low resistance. If a fault causes the live wire to touch the metal casing, a very
large current flows suddenly through this low-resistance earth path (rather than through a person
who might touch the casing) — this surge blows the fuse (or trips the circuit breaker) almost instantly,
disconnecting the live supply, and keeps the casing safely near 0 V the whole time. Double insulation
is an alternative safety strategy used in many modern appliances (marked with a O symbol on the
appliance): the appliance is built with two independent layers of insulation (and/or an all-plastic
casing) so that no single fault could ever make an exposed part live, meaning no earth wire is needed
at all — such appliances are supplied with only a two-core (live and neutral) cable.

A residual current device (RCD) gives an extra, faster layer of protection alongside (not instead
of) the fuse. It continuously compares the current flowing into an appliance through the live
wire with the current flowing out through the neutral wire; in normal operation these are ex-
actly equal. If even a small current leaks away through a fault (e.g. through a person’s body,
or a damaged cable touching earth), the two currents no longer match, and the RCD instantly
(within milliseconds) disconnects the supply — much faster than an ordinary fuse, which needs
a large current to melt its wire. This makes RCDs especially valuable in situations with a higher
shock risk, such as bathrooms or outdoor power tools.

(1) L6i thueng gip: Earthing and the fuse play two different, complementary safety roles:
earthing provides a safe, low-resistance path so that fault current does not flow through a
person touching the casing, while the fuse (or circuit breaker) then uses that resulting surge
of current to automatically disconnect the supply. Earthing on its own, without a fuse, would
let a dangerously large current keep flowing indefinitely; a fuse on its own, without earthing,
would leave the casing live (and dangerous to touch) for as long as it takes the fault current to
build up enough to blow the fuse.

. GIAI THICH TIENG VIET

\
Dién Iudi 13 dong dién xoay chiéu (AC), khac véi dong mét chiéu (DC) cta pin. Phich cam 3
chan: day Itra (ndu) mang dién ap nguy hiém va di qua cau chi; day trung tinh (xanh duong)
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gan 0V; day tiép dat (soc xanh la-vang) chi cé dong khi cé su c6. Cau chi dugc chon cé dinh
murc I&n hon moét chat so véi dong hoat dong binh thudng, va néu dong vuat dinh mire thi day
chi néng chay, ngat mach trudc khi day dan qua néng gay chay. Céng tic va cau chi luén dit
& day ltira dé khi ngat, toan bo thiét bi dugc cach ly an toan khoi dién ap nguy hiém. Na&i dat
va cau chi c6 vai tro khac nhau: néi dat tao dudng dan dién tré thap dé dong su ¢ khong di
qua ngudi, con cau chi dung chinh dong su’ c6 dé dé tu dong ngat dién. Cach dién kép (khong
can day tiép dat) dung vé nhua/hai I6p cach dién dé dam bao khéng phan nao cé thé nhiém
dién khi c6 su c6. Cac nguy hiém khac: day cach dién bi hong dé 16 day tran (nguy co giat
dién/chay); qua tai 8 cdm/mach dién (c3m qua nhiéu thiét bi cdng suat I6n cung luc khién day
dan qua noéng); va méi trudng am uét 1am tang nguy co giat dién vi nudc dan dién tét hon
nhiéu so v&i da kho. Thiét bi chéng dong rd (RCD) lién tuc so sdnh dong dién di vao (day Itra)
va di ra (day trung tinh); néu cé chénh léch du nho (do dong ro qua ngudi hodc su c¢6), RCD
ngat dién gan nhu tirc thi - nhanh hon nhiéu so véi cau chi théng thudng, nén thudng dung
& noi ¢6 nguy co dién giat cao nhu phong tam.

4.8 Electromagnetic Effects (Supplement)
4.8.1 Electromagnets and Their Uses

(Supplement) An electromagnet is a solenoid wound around a soft-iron core; its strength can
be increased by: (1) increasing the current through the coil; (2) increasing the number of turns
of wire; (3) using a soft-iron core instead of air (the core becomes strongly magnetised by
induction while current flows, greatly boosting the field, and demagnetises almost instantly
when the current is switched off).

Because an electromagnet’s magnetism can be switched on and off (and its strength varied) sim-
ply by controlling the current, it is used in: relays (a small current in one circuit switches on an
electromagnet, which then closes a switch in a completely separate, often higher-current, circuit
— allowing a small control current to safely operate a large-current device); electric bells (an elec-
tromagnet repeatedly attracts and releases a spring-loaded striker/armature, which also breaks and
remakes its own circuit each time, creating a continuous ringing action); and cranes for lifting scrap
iron/steel (a large electromagnet is switched on to pick up magnetic scrap, then switched off to drop
it exactly where wanted — something a permanent magnet could never do on demand).

soft-iron armature

battery

. contac
electromagnet (soft-iron coré[)

(Supplement) The electric bell: current flows through the electromagnet, attracting the soft-iron armature so its striker
hits the gong — but this same movement also breaks the contact, switching the electromagnet off; the armature springs
back, remaking the contact, and the cycle repeats continuously for as long as the circuit is switched on.
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4.8.2 The Motor Effect

(Supplement) When a current-carrying conductor is placed in a magnetic field (and the current
is not parallel to the field), it experiences a mechanical force — the motor effect. For a straight
conductor of length L carrying current I, placed at right angles to a magnetic field of flux
density B:

F =BIL

giving the maximum force, which occurs when the current and the field are exactly perpendic-
ular (if they are parallel, the force is zero).

Fleming's left-hand rule gives the direction of the force in the motor effect: hold the thumb, first
finger and second finger of the left hand mutually at right angles; the First finger points in the direc-
tion of the (external) magnetic Field; the seCond finger points in the direction of the (conventional)
Current; the thuMb then points in the direction of the resulting Motion (force).

Vi du 10 - Motor effect force

(Supplement) A straight wire of length 0.50 m carries a current of 8.0 A at right angles to a
magnetic field of flux density 0.25T. Find the force on the wire.

F = BIL = (0.25)(8.0)(0.50) = [ 1.ON .

Another everyday application of the motor effect is the loudspeaker: a coil of wire is attached
to a paper or plastic cone and placed in the field of a permanent magnet. An alternating current (the
electrical audio signal) through the coil experiences a force from the motor effect that continuously
reverses direction as the current alternates, pushing and pulling the coil (and the attached cone) back
and forth. These rapid vibrations of the cone push the surrounding air backwards and forwards,
creating the sound wave that we hear — a higher-frequency audio signal makes the cone vibrate
faster (higher-pitched sound), and a larger current makes the cone vibrate with greater amplitude
(louder sound).

4.8.3 The Simple d.c. Electric Motor

A simple d.c. motor consists of a rectangular coil of wire mounted on an axle, free to rotate between
the poles of a permanent magnet (or electromagnet). Current flowing through the two side-arms
of the coil (each perpendicular to the field) produces forces in opposite directions on the two sides
(by the motor effect and Fleming's left-hand rule) — since the two sides carry current in opposite
directions relative to each other around the loop, the forces on them are also opposite, and together
they form a couple (turning force) that rotates the coil.

The split-ring commutator, together with brushes that press against it, reverses the direction of
current through the coil every half-turn, exactly when the coil is vertical (momentarily aligned
with the field, where the turning effect would otherwise become zero and then reverse). By
reversing the current at this instant, the direction of the force on each side is also reversed, so
the coil continues to be pushed around in the same rotational direction continuously, rather
than oscillating back and forth.
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4.8.4 Electromagnetic Induction and the Generator Effect

(Supplement) Electromagnetic induction: whenever a conductor moves through a magnetic
field (or a magnetic field changes/moves relative to a conductor) so as to "cut” magnetic field
lines, an e.m.f. (electromotive force, a voltage) is induced across the ends of the conductor; if
the conductor is part of a complete circuit, this induced e.m.f. drives an induced current. The
size of the induced e.m.f. increases with: (1) the speed of relative motion between conductor
and field; (2) the strength of the magnetic field; (3) the number of turns of wire in the coil (for
a coil-based conductor).

Fleming's right-hand rule gives the direction of an induced current (the "generator effect,” the
reverse situation to the motor effect): hold the thumb, first finger and second finger of the right
hand mutually at right angles; thuMb points in the direction of Motion of the conductor; First finger
points in the direction of the Field; seCond finger then points in the direction of the (conventionally)
induced Current.

An a.c. generator (alternator) works on exactly this principle in reverse of a motor: an external
force (e.g. a turbine) rotates a coil within a magnetic field (or rotates the magnet around a fixed
coil). As the coil spins, the angle at which it cuts field lines continuously changes, so the size and
direction of the induced e.m.f. continuously change too — the coil sides move essentially parallel
to the field twice per rotation (inducing zero e.m.f. at those instants) and perpendicular to the field
twice per rotation (inducing maximum e.m.f., but in opposite directions each time, since the two sides
swap which pole they are moving towards every half turn) — producing a smoothly alternating (a.c.)
output voltage, picked up from the rotating coil via slip rings and brushes.

N

rotapion

R}

slip’_d_ngs_. ._l

brushes & external circuit

(Supplement) A.c. generator: a coil rotated between magnetic poles has an alternating e.m.f. induced in it, which is
carried to the external circuit via two slip rings and brushes (unlike the split-ring commutator of a d.c. motor, slip rings do
not reverse the connection each half-turn, so the output genuinely alternates).

(1) L6i thuong gap: Itis acommon misconception that current gets "used up” as it flows around
a circuit, losing charge component-by-component. In reality, current (rate of flow of charge)
is conserved at every point in a series circuit — exactly the same current flows into and out of
every component, including the cell/battery itself. What is "used up,” or rather converted, is
energy: each component transfers electrical energy to other forms (e.g. heat, light) as charge
flows through it, so it is the p.d. (energy per unit charge) that is shared out and "drops” across
each component, not the current or the charge itself.

GIAI THICH TIENG VIET

upplement) Nam cham dién cang manh khi: dong dién cang I&n, s6 vong day cang nhiéu, va
c6 16i sit non. Ung dung: ro-le (dong nho diéu khién mach dong I6n), chuéng dién, can cau
nam cham (hat roi tha kim loai theo y muén). Hiéu &rng dong co: day dan mang dong dién dit
trong tr trudng chiu lwc F = BIL, xac dinh chiéu bang quy tac ban tay trai Fleming (ngon tré
= tlr trwong, ngon gitra = dong dién, ngon cai = luc/chuyén dong). Dong co dién mot chiéu
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dung ¢é gép vanh khuyén (split-ring commutator) dé dao chiéu dong dién mébi nira vong quay,
giup khung day quay lién tuc theo mot chiéu. Cam &ng dién tir: khi day dan c3t cac dudng
strc tir (do chuyén dong tuong doi), mot suat dién dong dugc sinh ra - cang manh khi téc dé
chuyén dong, d® manh tir trudng, va s6 vong day cang 16n. Chiéu dong cdm (rng xac dinh bang
quy tac ban tay phai Fleming. May phat dién xoay chiéu hoat dong theo nguyén ly nguoc lai
V@i dong co, tao ra dién ap xoay chiéu lién tuc khi khung day quay trong tir trudng. L6i thudng
gap: dong dién khoéng hé bi "dung hét” khi qua mach - dong dién luén dugc bao toan, chi cé
nang luwong 13 bi chuyén hoa va tiéu hao dan.

4.9 Transformers and Power Transmission (Supplement)

(Supplement) A transformer consists of two separate coils of wire — the primary (input) and
secondary (output) — both wound around a common soft-iron core, but with no direct electrical
connection between them. An alternating current in the primary coil produces a continuously
changing magnetic field in the iron core; this changing field passes through the secondary coil
and, by electromagnetic induction, induces an alternating e.m.f. in it.

soft-iron core

\AVAVAVAVAY)

I
V, —»
<+

I

primary (N, turns) secondary (N, turns)

(Supplement) Transformer schematic: primary and secondary coils share a common soft-iron core; a step-up transformer
has N, > N, (more secondary turns), a step-down transformer has N, < N,.

(Supplement) Turns ratio:

Ve _ Ns
Vo Ny

where V, V are the primary and secondary p.d.s and N,,, N, are the number of turns on each
coil. For an ideal (100% efficient) transformer, no power is lost, so input power equals output
power:

LV, =1V,

A step-up transformer has N, > N,,soV, >V, (and, to conserve power, I, < Ip); a step-down
transformer has N, < N, so V, <V, (and I, > Ip). Transformers work only on alternating
current (a.c.) — a steady d.c. current in the primary produces a constant (unchanging) magnetic
field, and since electromagnetic induction requires a changing field to induce an e.m.f,, a d.c.
supply induces no voltage in the secondary at all (except for a brief pulse at the instant of
switching on/off).

Vidu 11 - Step-down transformer

(Supplement) A transformer has 2000 turns on its primary coil and 100 turns on its secondary
coil, and is connected to the 230V a.c. mains supply. If the primary current is 0.50 A, find (a)
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the secondary (output) voltage and (b) the secondary current (assume an ideal transformer).

N, 100 .. .
@V, =V, x Fs = 230 x 2000 — 11.5V | — this is a step-down transformer since N, < N,,.
p
LV, (0.50)(230) 115
bV, =1V, = [,= 22 = = =|10A|
b) 1,V = L.V, STV, 11.5 11.5

Vidu 12 - Step-up transformer

(Supplement) A power-station step-up transformer has 1000 turns on its primary coil and 20 000
turns on its secondary coil, and its primary is supplied at 11 kV (from the generator). Find the
secondary (transmission-line) voltage.

N, 20000
VS_VPXE_HOOOXW
former since N, > N, exactly the type used to raise the voltage for efficient long-distance
transmission.

= 11000 x 20 = [220000V = 220kV | — a step-up trans-

Transformers appear throughout everyday life at both extremes of the turns ratio. Step-down
transformers are found inside the small plug-in adaptors used to charge mobile phones and laptops,
and to power doorbells and low-voltage garden lighting, converting the 230 V (or 110 V) mains supply
down to just a few volts needed by the device — this same step-down principle is also used in
arc-welding equipment, which needs a very large current at a low voltage, and which a step-down
transformer conveniently supplies (recall LV, = I,V: stepping voltage down steps current up by the
same factor). Step-up transformers are used not only at power stations to raise voltage for efficient
transmission, but were also historically used in old cathode-ray tube televisions, which needed a
very high voltage to accelerate electrons toward the screen.

(Supplement) Real transformers are not perfectly 100% efficient: some energy is always lost
as heat, mainly due to resistance in the copper windings (2R heating) and to small, unwanted
"eddy current” and magnetisation losses in the iron core. Efficiency is defined as

output power 1.V,
OUEPLE POWET | 100% — =225 x 100%,

Efficiency =
e input power LV,

which equals exactly 100% only for an ideal transformer; well-designed power transformers
typically achieve efficiencies above 95%.

Vi du 12b - Efficiency of a real transformer

(Supplement) A transformer has a primary current of 5.0 A at V, = 230V, and delivers a sec-
ondary current of 22 A at V, = 46 V. Find the efficiency of this transformer.
Input power: P, = IV, = (5.0)(230) = 1150 W. Output power: P, = I .V, = (22)(46) =
1012 W.

1012

. P, - .
Efficiency = FS x 100% = 1150 x 100% = — the remaining 12% of the input power

P
(1150 — 1012 = 138 W) is lost as heat in the windings and core, rather than being delivered to
the secondary circuit.

4.9.1 High-Voltage Power Transmission

Power lost to heating in transmission cables is P, = 12 R_,p., Where [ is the current flowing through
the cable and R, is the cable’s (fixed) resistance. Since electrical power delivered is P = IV, for
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a fixed amount of power to be transmitted, increasing the transmission voltage V allows the same
power to be delivered with a much smaller current / = P/V — and because power loss depends on
the square of the current, even a modest reduction in current gives a dramatic reduction in power
lost as heat. This is why national grids step voltage up to very high values (hundreds of kV) for
transmission, then step it back down for safe use in homes and factories.

Vi du 13 - Comparing power loss at low and high transmission voltage

(Supplement) A power station must deliver 150 kW of power to a distant town through a trans-
mission cable of total resistance 3.0 Q2. Compare the power lost as heat in the cable if the power
is transmitted at (a) 1500V and (b) 150 000 V (150 kV).

P 150000
@15 =3 =55 = 100A. Bog = IfR = (100)*(3.0) = (10000)(3.0) = 30000 W =
1
30 kW — a full 20% of the transmitted power wasted as heat.
P 150000 . .
0) I, = o = Txi000 = FOA Plosso = I3R = (1L0)*(3.0) = — utterly negligible
2

(0.002% of the transmitted power).

Raising the transmission voltage by a factor of 100 reduces the current by the same factor of
100, and — since power loss depends on current squared — reduces the power lost as heat by
a factor of 1002 = 10000 (30000 W — 3.0 W), which is exactly why electricity grids transmit
power at very high voltage.

(1) Loi thueng gap: Transformers only work with alternating current. A transformer connected
to a steady d.c. supply produces no continuous secondary voltage at all, because a constant
current creates a constant (unchanging) magnetic field in the core, and electromagnetic induc-
tion requires a changing magnetic flux to induce an e.m.f. — no change, no induced voltage
(beyond a brief transient at switch-on or switch-off).

. GIAI THICH TIENG VIET

(Supplement) May bién ap gdbm hai cudn day (so cap, thir cap) quan quanh chung mét 16i sat
non, khéng nai dién truc ti€p vai nhau - hoat déng dua trén cam rng dién tir, nén chi hoat
déng véi dong dién xoay chiéu (dong mét chiéu khong tao ra tir trwdng bién thién). Ti s6 vong
day: V,/V,, = N,/N,; v6i mdy bién ap ly tudng, cong sudt duoc bao toan: 1)V, = I,V,. Méy
tang ap c6 N, > N,; may ha ap c6 N, < N,,. Trong truyén tai dién nang, tang dién ap lén
rat cao gilp giam dong dién tuong (ng, va vi hao phi nhiét ti Ié v&i binh phuong dong dién
(Phao phi = I?R), nén tang dién ap truyén tai gitip giam hao phi di rat nhiéu [an - day la ly do
lwdi dién quéc gia ludn truyén tai & dién ap cuc cao réi ha ap trudce khi dua vao sir dung. May
bién ap thurc té€ khong dat hiéu suat 100% do hao phi nhiét trong cudn day va I6i sat; hiéu suat
_ CONgSUALIa 450,

cong suat vao

4.10 Practice Problems

Bai tap luyén tap

Two bar magnets are brought close together and are found to attract each other strongly.
Explain why this observation alone is not enough to prove that both objects are magnets.
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ENGLISH

Loi giai chi tiét

A magnet attracts any unmagnetised magnetic material (e.g. a plain iron bar), not
only another magnet, because it induces an opposite pole in the unmagnetised ob-
ject which is then attracted.  Attraction is therefore consistent with either "two
magnets” or "one magnet and one unmagnetised magnetic object.” Only repulsion
is conclusive proof that both objects are genuinely magnetised, since an unmagne-
tised object can never repel a magnet (it can only be attracted, from either pole).
‘Attraction is inconclusive; only mutual repulsion proves both are magnets.‘

Bai tap luyén tap

Explain why soft iron, rather than steel, is used for the core of an electromagnet in a relay.

Loi giai chi tiét

Soft iron is very easy to magnetise strongly (giving a powerful field while the current
flows) but also loses almost all its magnetism instantly once the current is switched
off. This is exactly what a relay needs: the electromagnet must switch cleanly on
and off with the control current. Steel, by contrast, retains magnetism after the
current stops (it is magnetically "hard”), so a steel-cored electromagnet would stay
partly magnetised and might not release its armature properly when switched off.

‘Sof‘t iron magnetises easily and demagnetises instantly; steel would retain unwanted magnetism.

L

Bai tap luyén tap

(Supplement) A long straight wire carries a current. Describe the shape of its magnetic field,
and state the rule used to find the field’s direction.

Loi giai chi tiét

The field forms concentric circles centred on the wire, in planes perpendicu-
lar to the wire, becoming weaker further from the wire. The direction is found
using the right-hand grip rule: with the right thumb pointing in the direction
of conventional current, the curled fingers show the direction of the field lines.
‘ Concentric circles around the wire; direction from the right-hand grip rule. ‘

Bai tap luyén tap

A plastic rod is rubbed with a cloth and becomes negatively charged. Explain, in terms of
subatomic particles, what has happened, and state the charge on the cloth.

Loi giai chi tiét

Friction transfers electrons (never protons) from one material to the other.
Since the rod ends up negatively charged, it must have gained electrons from
the cloth. By conservation of charge, the cloth must have lost an equal num-
ber of electrons and therefore ends up with an equal and opposite charge.

The cloth becomes positively charged, with charge equal in size to the rod’s negative charge.
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ENGLISH

Bai tap luyén tap

(Supplement) Describe how an isolated neutral metal sphere can be given a permanent positive
charge using a negatively charged rod, without ever touching the rod to the sphere.

Loi giai chi tiét

Bring the negatively charged rod close to (not touching) the sphere: it repels the sphere’s
free electrons to the far side, leaving the near side positive and the far side negative
(charging by induction). While the rod is still held in place, briefly connect the far (neg-
ative) side of the sphere to earth: the repelled electrons flow away down to earth. Re-
move the earth connection first (while the rod is still present), then remove the rod.
‘The sphere is left with a permanent, evenly-spread positive charge (opposite to the rod).‘

Bai tap luyén tap

A charged balloon that has been rubbed on a wool sweater carries a charge of —8.0 x 1079 C.
Given the charge of one electron is e = 1.6 x 1072 C, find the number of excess electrons on
the balloon.

(A) 5.0 x 100 (C) 1.28 x 10727

(B) 1.6 x 10° (D) 8.0 x 10?

Loi gidi chi tiét
charge  8.0x 107 0
Number of electrons = = Tox 1010 — 5.0 x 1010 | (A).
e .
Bai tap luyén tap

Explain why a fuel tanker is electrically bonded to an aircraft (with a conducting wire) before
refuelling begins.

Loi giai chi tiét

Friction between flowing fuel and the pipework can generate static charge, which could
build up to a large potential difference between the tanker and the aircraft. If that p.d.
became large enough, a spark could jump between them, which could ignite flammable
fuel vapour. Bonding the two with a conducting wire keeps them continuously at the
same electric potential, so no p.d. (and hence no spark) can build up between them.

‘ Bonding equalises potential between tanker and aircraft, preventing a spark that could ignite fuel vapour.

Bai tap luyén tap

A current of 4.0 A flows through a heater for 2.0 minutes. Find the charge that flows.

(A) 480C (C) 240C
(B) 8.0C (D) 120C
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Loi giai chi tiét

t=2.0min=120s. Q = It = (4.0)(120) =|480C| (A).

Bai tap luyén tap

A charge of 8.0 C passes through a motor connected to a 6.0V supply. Find the electrical
energy transferred.

Loi giai chi tiét
W = QV = (8.0)(6.0) = 48J |

Bai tap luyén tap

-

A resistor has resistance 252 and is connected to a 50V supply. Find the current through it
and the power it dissipates.

(A) I =2.0A, P =100W (C) I =2.0A, P=50W
(B) I =0.50A, P =25W (D) I =25A, P =1250 W

Lai giai chi tiét

I= % = ;g =2.0A. P =VI=(50)(2.0) = 100W (check: I?R = (2.0)2(25) = 100W V).
(A).

Bai tap luyén tap

(Supplement) Describe the I-V characteristic of a diode, and state one practical use that
depends on this behaviour.

Loi giai chi tiét
In the forward direction, a diode conducts almost no current until the p.d. across it ex-
ceeds a small threshold voltage (about 0.6-0.7V for silicon), after which current rises
very steeply for only a small further increase in voltage. In the reverse direction, an
(ideal) diode conducts essentially no current at all, regardless of the voltage applied.

‘ Conducts strongly one way only above a threshold voltage; blocks current the other way - used for rectifica

Bai tap luyén tap

(Supplement) A wire of resistivity 8.0 x 1077 Q2 m has length 4.0m and cross-sectional area
2.0 x 10~ m?2. Find its resistance.

(A) 1.6Q (C) 16Q
(B) 0.40Q (D) 6.4
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Loi giai chi tiét

_pL  (80x1077)(4.0) 32x107°%
R= = 30x10° ~20x10° 166G} (A

Bai tap luyén tap

A 15V supply is connected in series with a 2.0 €) resistor and a 3.0 2 resistor. Find the current
in the circuit and the p.d. across the 3.0 resistor.

(A) I =3.0A, V=90V (C) I =1.0A,V =30V
(B) I =5.0A, V=15V (D) I =3.0A,V=6.0V

Loi giai chi tiet

-

15
Rigta =2.0+3.0=5.0Q. I= £0 - 3.0A. V;=1IR;=(3.0)(3.0) =9.0V. (A).

Bai tap luyén tap

A 9.0V battery is connected in series with a 4.0 2 resistor and a second resistor R,; the p.d.
across R, is found to be 5.0 V. Find R,.

Lai giai chi tiét

-

. V 4.0
P.d. across the 4.0 resistor: V, = 9.0 —5.0 =4.0V. Current: ] = -1 = —— = 1.0A (same

R, 40
V, 5.

e |

[an}

current in series). R, =

Bai tap luyén tap

(Supplement) Three resistors of 4.0, 4.0 and 8.0 are connected in parallel across a 8.0V
supply. Find (a) the combined resistance and (b) the total current drawn from the supply.

Loi giai chi tiét

1 1 1 1 2 2 1 5 3
=10 10t s0-"8 3 Tg "5 = fom =5 =160
) Riotal 102080 8TgTgTg = ‘o =3
V. 80
I —— =— =|5.0A
(b) total Rtotal 1 5.0

Bai tap luyén tap

(Supplement) A 30V supply is connected in series with a 2.0 2 resistor R,, followed by two
resistors R, = 8.0 and R; = 8.0 in parallel with each other. Find (a) the total resistance,
(b) the total current, and (c) the current through R,.
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Loi giai chi tiét

0
30
(b) Itotal = % =5.0A.
(c) P.d. across parallel section: V,; = I Ry3 = (5.0)(4.0) = 20V. Since R, = Rs, the
. 2
current splits equally: I, = % = % = (and I; = 2.5A too, by symmetry; check
2 .

1 1 1 2 1

Bai tap luyén tap

A 3.0 kW electric oven is used for 2.5 h. Electricity costs $0.18 per kWh. Find the energy used
(in kWh) and the total cost.

(A) 7.5kWh, $1.35 (C) 7.5kWh, $1.50
(B) 5.5kWh, $0.99 (D) 1.2kWh, $0.22

Lai giai chi tiét

E = Pt =(3.0)(2.5) = 7.5kWh.  Cost = (7.5)(0.18) =[$1.35 . (A).

Bai tap luyén tap

An appliance normally draws a current of 4.2 A from the mains. Which fuse rating (from 3 A,
5 A, 13 A) should be fitted, and why?

Loi giai chi tiét

The fuse should be rated just above the normal operating current: 3 A is too low (would blow
immediately during normal use), so is the correct choice — high enough to allow normal
operation, but low enough to blow quickly if a fault causes the current to rise well above the
appliance’s normal 4.2 A. (A 13 A fuse would allow a much larger, more dangerous fault current
to flow before blowing.)

Bai tap luyén tap

Explain how earthing a metal appliance casing protects a user if a fault causes the live wire to
touch the casing.

Loi giai chi tiet

The earth wire gives the casing a path of very low resistance straight to the
ground (0 V). If the live wire touches the casing, a very large current flows sud-
denly through this low-resistance earth path (rather than the higher-resistance path
through a person who might touch the casing), and this current surge blows the
fuse (or trips the circuit breaker) almost immediately, disconnecting the live supply
— so the casing does not stay live for long, and a person touching it is protected.
‘ Earth wire provides a low-resistance path so fault current blows the fuse instead of flowing through a perso
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ENGLISH

Bai tap luyén tap

Explain why plugging too many high-power appliances into a single extension lead or socket
(an "overloaded” circuit) is dangerous, even if none of the individual appliances exceeds the
rating of its own plug fuse.

Loi giai chi tiét

Each appliance’s own plug fuse only protects that single appliance’s own cable, based on

that appliance’s own current. When several appliances are plugged into the same extension

lead or socket, their currents all add together and must all flow through the same shared

cable back to the wall socket — even if every individual appliance fuse is perfectly correctly

rated, the total combined current through the shared extension cable can still be far larger

than that cable was designed to carry safely. Since heating in a cable depends on I2R,

this excess combined current can make the shared cable dangerously hot, possibly melt-

ing its insulation or starting a fire, without necessarily blowing any single appliance’s own fuse.

‘The shared cable carries the sum of all the currents, which can overheat it even though each appliance’s owi

Bai tap luyén tap

Explain why an electric appliance is far more dangerous to use with wet hands than with dry
hands.

Loi giai chi tiét

Water (especially with dissolved salts or impurities, as in tap water or sweat) is a much
better electrical conductor than dry human skin. Wet hands therefore present a much
lower-resistance path for current to flow through the body if a person touches a live
part, so — for the same potential difference — a much larger, more dangerous cur-
rent flows through the body of someone with wet hands than someone with dry
hands (recall I = V/R: lower resistance at the same voltage means higher current).

‘ Water lowers the body’s resistance, so wet hands allow a much larger, more dangerous shock current to flov

Bai tap luyén tap

Explain why some appliances (e.g. plastic hairdryers) use double insulation instead of an earth
wire.

Loi giai chi tiét

A double-insulated appliance is built with two independent layers of insulation (often includ-
ing an all-plastic outer casing), designed so that no single internal fault could ever make any
exposed, touchable part of the appliance live. Since there is no metal casing that could be-
come dangerously live, there is no need for an earth wire at all — such appliances use only
a two-core (live and neutral) cable, and are marked with the double-insulation (OJ) symbol.
‘ No exposed conductive part can become live, so no earth connection is required. ‘

Bai tap luyén tap

(Supplement) State three ways to increase the strength of an electromagnet.
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Loi giai chi tiét

‘ (1) Increase the current; (2) increase the number of turns of wire; (3) use a soft-iron core (instead of airor ar

Bai tap luyén tap

(Supplement) A straight conductor of length 0.30 m carries a current of 6.0 A at right angles to
a magnetic field of flux density 0.40 T. Find the force on the conductor.

(A) 0.72N (C) 0.072N
(B) 7.2N (D) 2.0N

Loi giai chi tit
F = BIL = (0.40)(6.0)(0.30) = [0.72N]. (A).

Bai tap luyén tap

(Supplement) Explain the role of the split-ring commutator in a simple d.c. motor.

, Loi giai chi tiét
As the coil rotates, the split-ring commutator (together with the brushes pressing against
it) reverses the direction of current flowing through the coil every half-turn, at the instant
the coil passes through the vertical (momentarily aligned with the field, where the turning
effect would otherwise drop to zero and then reverse the coil’s rotation). By reversing the
current at exactly this moment, the force on each side of the coil is also reversed, so the coil
continues to rotate in the same direction continuously rather than oscillating back and forth.
‘The commutator reverses the coil current every half-turn, keeping rotation continuous in one direction.

Bai tap luyén tap

(Supplement) A transformer has 500 primary turns and 25 secondary turns, and is supplied
at 230V a.c. Find the secondary voltage, and state whether this is a step-up or step-down
transformer.

(A) 11.5V, step-down (C) 230V, neither

(B) 4600V, step-up (D) 57.5V, step-down

Loi giai chi tiét

N, 2 .
Vo=V, x FS =230 x % = 230 x 0.05 =|11.5 V|, a step-down transformer since N, < N,,.
(A).

p

Bai tap luyén tap

(Supplement) A step-up transformer has 400 primary turns and 2000 secondary turns; its pri-
mary is connected to a 12V a.c. supply drawing a primary current of 2.5 A. Find (a) the sec-
ondary voltage and (b) the secondary current (assume 100% efficiency).
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Loi giai chi tiét

N, 2000
(a)VS_Vpxﬁp_mxm_me’)_GOV.

LV :
b) IV, =1V, = I, = 1;/” _@ 56)512> = % =10.50A1|

S

Bai tap luyén tap

(Supplement) Explain why transformers cannot be used with a direct current (d.c.) supply.

Loi giai chi tiét

A transformer works by electromagnetic induction: a changing magnetic flux in the
iron core is needed to induce an e.m.f. in the secondary coil. A steady d.c. current
in the primary produces a constant, unchanging magnetic field, so (apart from a brief
pulse of induced e.m.f. at the very instant of switching the current on or off) there is no
continuous change in flux, and therefore no continuous induced e.m.f. in the secondary.
‘ No changing flux with steady d.c., so no continuous e.m.f. is induced - transformers need a.c.

Bai tap luyén tap

(Supplement) Synthesis: A simple d.c. motor coil has one side of length 0.20 m carrying a cur-
rent of 3.0 A at right angles to a magnetic field of flux density 0.50 T. This coil is powered by
a 9.0V battery, and the motor circuit (coil plus internal wiring) has a total resistance of 3.0 Q.
Find (a) the force on this side of the coil due to the motor effect, and (b) the electrical power
delivered to the motor circuit.

Lai giai chi tiét

(a) F = BIL = (0.50)(3.0)(0.20) = [0.30N |

(b) P =1V = (3.0)(9.0) =|27TW/| (check via I’R: (3.0)%(3.0) = 27T W V).

Bai tap luyén tap

(Supplement) Synthesis: A generator’s step-up transformer converts its 20 kV output to 400 kV
for transmission through a cable of resistance 2.0 2, delivering 100 MW of power. Find (a) the
transmission current, (b) the power lost in the cable, and (c) the percentage of the transmitted
power that is lost.

Loi giai chi tiet

P 100 x10° 1.0 x 108
I = — = = = 2 A.
@I=%=100x105 — 20 x 105 — 2

(b) Poss = I?R = (250)2(2.0) = (62500)(2.0) = 125000 W = 125 kW.

P 125000 .
(c) Percentage lost = % x 100% = 100 000 600 x 100% = [0.125% | — a very small fraction,
confirming that transmission at 400 kV is highly efficient.
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Bai tap luyén tap

Explain why current is described as "conserved” rather than "used up” as it flows around a
series circuit, and identify what quantity actually decreases across each component instead.

Lai giai chi tiét

Current is the rate of flow of charge, and charge can neither be created nor destroyed
within the circuit — exactly the same number of electrons (and hence the same current)
must flow into and out of every component in a series loop, including the source itself, at
every instant. What genuinely changes across each component is the potential difference
(energy transferred per unit charge): each component converts some electrical energy into
another form (heat, light, etc.), so the p.d. (not the current) "drops” as charge passes through it.
‘ Current is conserved everywhere in the loop; it is p.d./energy that decreases as charge passes through each

Bai tap luyén tap

Sketch (in words) the electric field pattern (a) around an isolated positive point charge and (b)
between two oppositely-charged parallel plates, and state one key difference between the
two patterns.

(@) Around an isolated positive point charge, field lines point radially out-
ward in all directions, becoming further apart (field weaker) at greater dis-
tance from the charge. (b) Between two oppositely-charged parallel plates, field
lines run straight and parallel from the positive plate to the negative Dplate,
evenly spaced everywhere between the plates (except very close to the edges).
‘ Key difference: the point-charge field weakens with distance (lines spread out); the parallel-plate field is unif

Bai tap luyén tap

Explain why a magnetic material such as iron can be unmagnetised in its normal state, yet
becomes strongly magnetised almost instantly when placed near a strong magnet.

A ferromagnetic material can be thought of as containing many tiny regions, each act-
ing like a miniature magnet. In the unmagnetised state, these tiny regions point in
random directions, so their fields cancel out overall, giving no net magnetism. When
a strong external magnet is brought close, its field causes these tiny regions to line up
so that most point the same way; their individual fields then add together, producing
an overall magnetic field with a north and a south pole — this is why the effect hap-
pens almost instantly and disappears (partially or fully) once the external magnet is removed.
‘The tiny internal regions realign with the external field, adding their effects together to produce (or remove)

Bai tap luyén tap

Explain why a residual current device (RCD) can protect a person from electric shock even in
situations where a standard fuse would not react quickly enough.
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Loi giai chi tiét

An RCD continuously compares the current entering an appliance (through live) with
the current leaving it (through neutral); in normal, safe operation these two currents
are exactly equal. If a person accidentally provides an alternative path to earth (e.g.
touching a live part), some current "leaks” away through their body instead of return-
ing through the neutral wire, so the two currents become unequal. The RCD detects
even this small imbalance and disconnects the supply within milliseconds. A fuse, in
contrast, only reacts once the total current through it becomes large enough to melt its
wire — a shock current through a person’s body is often far too small to blow a normal
fuse, but is easily large enough to be dangerous, which is exactly the gap an RCD closes.
‘An RCD detects tiny current imbalances (leakage) almost instantly, whereas a fuse only responds to a large t

Bai tap luyén tap

(Supplement) Explain, step by step, how an electric bell rings continuously while its push-
button switch is held down.

Lai giai chi tiét

Pressing the switch completes the circuit, so current flows through the electromagnet’s
coil, magnetising its soft-iron core. The magnetised core attracts the soft-iron armature,
pulling its attached striker against the gong (producing one "ring”). This same movement
of the armature, however, also pulls it away from the spring contact, breaking the circuit
— so the electromagnet immediately loses its magnetism (soft iron demagnetises almost
instantly) and releases the armature. The spring pulls the armature back to its original posi-
tion, which remakes the contact and completes the circuit again, restarting the whole cycle.
‘The bell's own motion continually breaks and remakes its own circuit, so it rings repeatedly for as long as the

Bai tap luyén tap

(Supplement) Explain how a loudspeaker uses the motor effect to convert an electrical audio
signal into sound.

Loi giai chi tiét

The alternating current of the audio signal flows through a coil of wire attached to
a paper/plastic cone, placed inside the field of a permanent magnet. By the mo-
tor effect, the current-carrying coil experiences a force from the magnetic field;
because the audio current continuously alternates in direction, so does this force,
pushing and pulling the coil (and the cone attached to it) rapidly back and forth.
These vibrations of the cone push and pull the surrounding air, generating sound
waves that match the frequency and amplitude of the original electrical signal.
‘The motor effect converts the alternating audio current into a rapidly vibrating force on the coil, which vibra

Bai tap luyén tap

(Supplement) Explain why an a.c. generator uses slip rings and brushes rather than a split-ring
commutator (as used in a d.c. motor).
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Loi giai chi tiét

A split-ring commutator is specifically designed to reverse the connection to the external
circuit every half-turn, which is needed in a d.c. motor to keep the current (and hence
the turning force) in the same rotational sense continuously. A generator, in contrast, is
meant to produce a genuinely alternating output that matches the naturally alternating
induced e.m.f. as the coil rotates. Slip rings maintain a continuous, unbroken (non-reversing)
connection between each end of the coil and its own brush, so the output faithfully fol-
lows the coil’s induced e.m.f. — rising, falling, reversing, and rising again — producing true
alternating current rather than the "one-directional pulsing” output a commutator would force.

‘Slip rings preserve the natural alternating pattern of the induced e.m.f.; a commutator would

instead conver

Bai tap luyén tap

(Supplement) A transformer has a primary current of 8.0 A at V,, = 240V, and delivers a sec-
ondary current of 18 A at V, = 100 V. Find the efficiency of the transformer.

(A) 93.75% (C) 44%
(B) 100% (D) 225%

Loi gidi chi tiét
P,=LV, = g.o>(240) = 151928(\]/1 P, =1,V, = (18)(100) = 1800 W.
Efficiency = ?5 x 100% = 1990 x 100% =193.75% |. (A).

p

Bai tap luyén tap
Explain why household lamps, sockets and appliances are always wired in parallel with each
other rather than in series.

Lai giai chi tiét

Wiring appliances in parallel means each one is connected directly across the full live-to-
neutral mains supply, so every appliance always receives the complete rated voltage (e.g.
230V) no matter how many other devices are switched on elsewhere in the house, and each
device can be switched on or off completely independently of the others (switching off one
branch, or a lamp filament failing, simply removes that one path without disturbing the current
in any other branch). If appliances were instead wired in series, they would all share the
single available current and each would only receive a fraction of the supply voltage (dividing
between them, as in any series circuit), and switching off (or the failure of) any single appliance
would break the one shared current path and cut power to every other device in the circuit.

‘ Parallel wiring gives every appliance full mains voltage and lets each switch on/off independently.

Bai tap luyén tap

(Supplement) Synthesis: A 40V battery is connected in series with a 5.0 Q2 resistor R, followed
by a parallel combination of R, = 100 and R; = 15Q. Find (a) the total resistance, (b) the
total current, (c) the p.d. across R,, and (d) the power dissipated in R;.
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Loi giai chi tiét

1 11 3 2 5 1
a) Parallel section: — = — 4+ — = — 1+ — — R 609 R RiA R —
@ Ry 10+15 30 30 30 6 23 total 1t 1og
5.0+ 6.0 =119.

|4 40
(b) Itotal S m = ﬁ = 364A (tO 3 S.f.).
ota

@V, = LR, = (3.64)(5.0) = (check: Vys = 40 — 18.2 = 21.8V, and V,3/Ryy =
21.8/6.0 = 3.63A ~ Lipy v)-

: : 40 40\? 8000
(d) Using the exact fraction I, = HA: P =12 R = (ﬁ) (5.0) = —— = |66.1W

121
(equivalently P, = I, V7 = (3.64)(18.2) = 66.2 W, matching within rounding).

Bai tap luyén tap

Explain why a bird can perch safely on a single high-voltage power cable, while a person touch-
ing that cable while standing on the ground would be electrocuted.

Loi giai chi tiet

-

A bird standing on just one cable has both feet extremely close together on the same
conductor, so there is an utterly negligible potential difference between them (the tiny
length of wire between its feet has almost no resistance and carries no significant current
branching through the bird) — with no meaningful p.d. across its body, almost no current
flows through the bird, so it is unharmed. A person touching the same live cable while
also in contact with the ground, however, has one part of their body at the cable’s high
potential and their feet at (or near) 0V (earth potential) — this creates an enormous poten-
tial difference across their body, driving a large, dangerous current through them to earth.

‘The bird has no p.d. across its body (both feet on the same wire); a grounded person has a huge p.d. across t

Bai tap luyén tap

Three 100 W lamps and a 1.5 kW heater are connected in parallel to a 230V mains supply and
switched on together. Find the total current drawn from the supply.

Loi giai chi tiét

Total power: P, = 3(100) + 1500 = 300 + 1500 = 1800 W.
P, 1800

Liotal = %ta' = = 7.83A|(to 3 s.f.).

Bai tap luyén tap

(Supplement) Explain how a thermistor connected into a circuit with a fixed resistor and a
warning buzzer could be used to build a simple "overheating” alarm for a piece of machinery.

Lai giai chi tiét

-

As the machinery’s temperature rises, the thermistor’s resistance falls. If the thermistor
is wired so that this falling resistance causes the current in that part of the circuit (or the
voltage across some other component, such as a relay coil) to rise past a threshold, this
rising current/voltage can be used to trigger a switching circuit (e.g. a relay) that switches
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on the warning buzzer once the temperature — and hence the current — exceeds a preset level.
Rising temperature lowers the thermistor’s resistance, raising the current enough to trigger the alarm circuit
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Nuclear Physics

Muc tiéu Unit: M6 hinh hat nhan nguyén tir (thi nghiém tan xa alpha Rutherford, ky hiéu hat nhan, dong
vi); ban chat phéng xa (tw phat, ngau nhién, phong nén); ba loai birc xa hat nhan alpha/beta/gamma va
tinh chat so sanh; chu ky ban ra & do6 thi phan ra; phuong trinh hat nhan (Supplement: phan ra alpha,
beta); (rng dung & tac hai cta birc xa, phan hach & nhiét hach (Supplement).

5.1 The Nuclear Model of the Atom
5.1.1 Rutherford’s Alpha-Scattering Experiment

) ”n

Before 1911, the accepted picture of the atom (J.J. Thomson'’s "plum pudding” model) was a sphere
of positive charge with electrons embedded throughout it, like fruit in a pudding — mass and posi-
tive charge were thought to be spread out fairly evenly across the whole atom. Ernest Rutherford,
together with Hans Geiger and Ernest Marsden, tested this picture directly with a scattering exper-
iment, and the results forced a complete rethink of atomic structure.

Setup: a narrow beam of fast-moving alpha particles (helium nuclei, positively charged) from
a radioactive source was directed at a very thin sheet of gold foil (only a few atoms thick, so that
alpha particles would interact with at most one or two atoms as they passed through). A movable,
rotatable detector screen coated with a scintillating (fluorescent) material was placed around the
foil to record the angle through which each alpha particle was scattered (deflected) as tiny flashes
of light, all inside an evacuated chamber (so that the alpha particles were not stopped or scattered
by air molecules).
thin gold foil

rare back-scatter (~180°)

]

large-angle deflection

Yy

a-source . ———»

Yvy

gold nuclei (not to scale)

Rutherford’s alpha-scattering experiment: a narrow beam of alpha particles is fired at a thin gold foil in vacuum. Most

pass straight through with little or no deflection (navy paths); a few are scattered through large angles (green path); a

very small number bounce back almost the way they came (pink path) — evidence for a tiny, dense, positively charged
nucleus surrounded by mostly empty space.

Observations and their conclusions

e Most alpha particles passed straight through the foil with little or no deflection. Conclu-
sion: an atom must be mostly empty space — otherwise the vast majority of alpha particles
would have been stopped or scattered.

¢ A small fraction of alpha particles were deflected through large angles (more than 90° in
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some cases). Conclusion: at the centre of each atom there must be a very concentrated,
dense region capable of exerting a large force on a fast, massive alpha particle — far denser
than the spread-out charge assumed in the plum-pudding model.

e A very small number of alpha particles bounced back almost the way they had come
(~180°). Conclusion: this concentrated region must carry a large amount of positive charge
concentrated in a tiny volume (the nucleus), so that it can strongly repel a positively charged
alpha particle that happens to travel almost straight toward it head-on — repulsion this
strong could not come from a diffuse positive charge spread through the whole atom.

Combining all three observations: the atom consists of a tiny, extremely dense, positively
charged nucleus at its centre (containing almost all of the atom’s mass), surrounded by mostly
empty space in which electrons orbit at relatively large distances.

- GIAI THICH TIENG VIET

Trudc thi nghiém Rutherford, mé hinh "banh pudding” cho rang dién tich duong va khéi lwong
trai déu khap nguyén t&r. K&t qua tan xa hat alpha qua 1a vang moéng cho ba quan sat: (1) da
s6 hat alpha xuyén th3ng qua = nguyén t& phan I16n 13 khoang tréng; (2) mot sé it bi 1éch goc
I&n = c6 mot vung rat dic, tap trung & tam nguyén tur; (3) rat hiém hat bat nguoc trd lai gan
nhu 180° = vung dé mang dién tich duong 16n, tap trung (hat nhan), da manh dé day ngugc
mot hat alpha (cting mang dién duong) bay thang vao né. T dé suy ra: nguyén tir c6 mot
hat nhan nho, dic, mang dién duong & tdm, chira gan nhu toan bé khaéi lugng, con electron
chuyén déng & vung khong gian rong 16n xung quanh, phan I6n 13 tréng rong.

5.1.2 Nuclide Notation
Every nuclide (a specific type of nucleus) is described using the notation £X, where X is the chemical

symbol of the element.
mass (nucleon) number A
/ = protons + neutrons

proton (atomic) number Z
= number of protons

Nuclide notation: mass (nucleon) number A is written top-left, proton (atomic) number Z bottom-left, before the
element symbol X. Number of neutrons N = A — Z.

Mass (nucleon) number A = total number of protons and neutrons in the nucleus. Proton
(atomic) number Z = number of protons in the nucleus, which also fixes the element’s identity
in the periodic table. Number of neutrons N = A — Z. For a neutral atom, the number of
electrons orbiting the nucleus equals the number of protons, Z (so the atom’s overall charge
is zero).

Vi du 1 - Protons, neutrons and electrons from nuclide notation

For the nuclide #3Na (sodium-23), state the number of protons, neutrons and electrons in a
neutral atom.
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Protons = Z = 11. Neutrons = A — Z = 23 — 11 = |12}, Electrons (neutral atom) = Z =11}

(Supplement) In an ion, the number of electrons no longer equals the number of protons: a
positive ion (cation) has fewer electrons than protons (it has lost one or more electrons, leaving a net
positive charge); a negative ion (anion) has more electrons than protons (it has gained one or more
electrons, giving a net negative charge). Crucially, ionisation only adds or removes electrons — the
number of protons and neutrons in the nucleus (and hence A and Z) is completely unaffected by an
atom becoming an ion.

GIAI THICH TIENG VIET
0 khéi A = s6 proton + s6 neutron; s6 hiéu nguyén tir (s6 proton) Z quyét dinh nguyén t6 13
gi; so neutron N = A — Z. V&i nguyén tir trung hoa, sé electron = s6 proton = Z. (Supplement)
Khi nguyén tr tré thanh ion, chi co sé electron thay déi (ion dwong mat electron nén electron
< proton; ion dm nhan electron nén electron > proton) — s6 proton va neutron trong hat nhan
khéng hé thay doéi khi ion hda.

5.1.3 Isotopes

Isotopes are atoms of the same element (same proton number Z, and therefore the same chemical
properties) but with different numbers of neutrons (and therefore different mass numbers A). Since
isotopes of the same element have identical proton and electron arrangements, they react chemically
in the same way — but their nuclei can be markedly different in stability, and some isotopes of an
element are radioactive while others are not.

Real examples of isotopes:

e Carbon-12 (}2C) and carbon-14 (}*C): both have 6 protons, but carbon-12 has 6 neutrons
(stable, the most common form of carbon) while carbon-14 has 8 neutrons (radioactive,
used in radiocarbon dating).

¢ Uranium-235 (33°U) and uranium-238 (23°U): both have 92 protons; U-235 has 143 neu-
trons and is the isotope capable of sustaining a fission chain reaction (used as nuclear fuel),
while the far more abundant U-238 has 146 neutrons and does not readily fission in the
same way.

e Chlorine-35 and chlorine-37: both have 17 protons, with 18 and 20 neutrons respectively
— naturally occurring chlorine is a mixture of both isotopes.

Vi du 2 - Isotopes: carbon-12 and carbon-14

State the number of protons, neutrons and electrons (neutral atom) in }2C and }*C, and explain
why they are isotopes of the same element.

$2C: protons = 6, neutrons = 12 — 6 = @ electrons = @

L4C: protons = 6, neutrons = 14 — 6 = 8], electrons =[6.

Both nuclides have the same proton number (Z = 6, so both are carbon) but a different number

of neutrons (6 vs 8) and hence a different mass number — this is exactly the definition of
isotopes.

(Supplement) Why does the nucleus not fly apart? The nucleus packs together many positively
charged protons at extremely close range, which strongly repel one another electrostatically. Stable
nuclei do not fly apart because of the strong nuclear force — a much stronger, short-range attrac-
tive force that acts between all nucleons (both protons and neutrons), overcoming the electrostatic

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 132



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

repulsion between protons at very short distances (roughly the size of a nucleus). Unlike the elec-
trostatic force, the strong nuclear force falls away extremely quickly with distance and is negligible
beyond the scale of the nucleus itself — which is why very large nuclei (with protons spread further
apart on average) tend to be less stable and more likely to be radioactive.

. GIAI THICH TIENG VIET

Dong vi 1a cadc nguyén tir cia cing mot nguyén td (cung s6 proton Z, cling tinh chat hoa hoc)
nhung khac sé neutron (khac s6 khoi A). Vi du: carbon-12 (6 neutron, bén) va carbon-14 (8
neutron, phéng xa, dung dinh tudi carbon); uranium-235 (143 neutron, dung lam nhién liéu hat
nhan) va uranium-238 (146 neutron, phd bién hon). (Supplement) Luc hat nhan manh (strong
nuclear force) tac dung giltra moi nucleon & khoang cach rat ngan, di manh dé thang luc day
tinh dién gilra cac proton, gilr hat nhan khong bi v& tung.

5.2 Radioactivity: The Nature of Radioactive Decay

Radioactive decay is the spontaneous breakdown of an unstable nucleus, releasing energy in the
form of radiation (alpha, beta, and/or gamma). Two properties define this process at the level of an
individual nucleus:

Spontaneous: decay happens on its own, without needing to be triggered or caused by any
outside event — it is not the result of a collision, an applied force, or any other external stimulus.
Random: it is impossible to predict exactly when any particular nucleus will decay, or to know
in advance which nucleus in a sample will be next — every undecayed nucleus has the same
probability of decaying in any given time interval, regardless of how long it has already existed.

Crucially, radioactive decay is a nuclear process, not a chemical one, and this has an important
consequence: the rate of decay is completely unaffected by temperature, pressure, or the chemical
form the atom is in (e.g. whether it is a pure element or bonded into a compound). This is very differ-
ent from ordinary chemical reactions, whose rates do depend strongly on temperature, pressure and
concentration — because chemical reactions involve rearranging outer electrons, whereas radioac-
tive decay originates deep inside the nucleus, essentially shielded from these external, "everyday”
physical and chemical conditions.

(') Loi thueng gap: Radioactive decay is random for any individual nucleus — nothing can
predict exactly when one particular atom will decay. However, for a large sample containing
billions of nuclei, the overall decay rate follows a smooth, entirely predictable exponential
curve (this is simply the statistics of very large numbers). Both statements are true at once:
unpredictable individually, but statistically predictable in bulk — this is precisely why "half-life”
is a meaningful, reliable quantity even though decay is random.

GIAI THICH TIENG VIET

Phan ra phéng xa mang tinh tu phat (khéng can tac nhan bén ngoai kich hoat) va ngiu nhién
(khéng thé biét chinh xac nguyén tir ndo, lic ndo sé phan ra). Vi day 13 qua trinh xay ra siu
bén trong hat nhan, téc do phan ra khéng bi anh huéng bai nhiét do, ap suat, hay viéc nguyén
tr dang & dang don chat hay hop chat héa hoc — khac han phan rng héa hoc (vén phu thuéc
manh vao nhiét do, ap suat). DU ngau nhién véi tirng hat nhan riéng 18, véi mét mau 16n chira
hang ti hat nhan, téc dé phan ra téng thé van tuan theo mét dudng cong cé thé du doan chinh
xac — dé 1a ly do khai niém "chu ky ban rd” van cé y nghia va dang tin cay.

5.2.1 Detecting Radiation and Background Radiation

A Geiger-Miiller (GM) tube, connected to a counter, is the standard instrument for detecting nuclear
radiation in the laboratory: radiation entering the tube ionises gas inside it, producing a brief pulse
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of current each time a particle or ray passes through, which the counter registers as one "count.” The
count rate (counts per unit time) recorded is used as a measure of the activity of a source.
Even with no radioactive source nearby, a GM tube will still register a low, steady count rate —

this is background radiation, present everywhere in the environment.

Natural sources

Artificial (man-made) sources

Radon gas (seeps from rocks
and soil into buildings; usually
the single largest natural con-
tributor)

Cosmic rays from space (more
intense at high altitude, e.g. in
aircraft)

Rocks and soil (contain natu-
rally radioactive elements, e.g.

Medical procedures: diagnos-
tic X-rays and radiotherapy
treatment

Nuclear industry: waste pro-
cessing, fuel reprocessing

Fallout from historical nuclear
weapons testing or accidents

uranium, thorium, potassium-

40)

Food and drink, and the Occupational sources (e.g. in-
human body itself (trace nat- dustrial radiography)

ural radioisotopes such as

potassium-40)

Sources of background radiation. In most places, natural sources make up the large majority of a person’s typical
background dose (radon gas is usually the biggest single contributor); of the artificial sources, medical procedures are
typically the largest.

(1) L6i thweng gdp: Whenever the activity of a source is measured with a detector, the reading
always includes background radiation as well as radiation from the source itself. Before apply-
ing any half-life calculation (or comparing activities), the background count rate — measured
with the source removed (or far away) — must first be subtracted from every reading. For-
getting this step is one of the most common errors in half-life questions: always correct for
background before working with N = N, (%)n

Vi du 3 - Correcting a count rate for background

A GM tube placed near a radioactive source reads 45 counts/min. With the source removed,
the same tube reads 15 counts/min (background). Find the count rate due to the source alone.

Corrected count rate = 45 — 15 = ’ 30 counts/min ‘

GIAI THICH TIENG VIET

Ong dém Geiger-Miiller (GM) phat hién blrc xa nhd hién twong ion hoa chat khi bén trong
6ng, mdi hat/tia di qua tao ra mot xung dém. Ngay ca khi khéng cé ngudn phong xa nao gan
dé, may dém van ghi nhan mot téc dd dém nén thap goi 13 phdng phéng xa nén (background
radiation), dén tir cdc nguén tu nhién (khi radon, tia v tru, dat da, thuc phdm) va nhan tao (y
t€, cong nghiép hat nhan). Trudc khi tinh toan chu ky ban ra, ludn phai trir di phéng nén khoi
s6 dém do dugc.

5.3 Types of Nuclear Radiation
Unstable nuclei can emit three distinct types of nuclear radiation.
Thay Twdng 0332747 169 -

C6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 134



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

Alpha (o) particle: a helium nucleus, 3He — 2 protons and 2 neutrons bound together, charge
+2. Being relatively large, slow-moving and heavily charged, alpha particles interact strongly
with matter: they are strongly ionising (they knock electrons off many atoms along their path)
but, because they lose energy so quickly through all this ionising, they have a very short range
— only a few centimetres in air — and are stopped completely by a single sheet of paper or the
outer dead layer of human skin.

Beta (3) particle: a fast-moving electron, ejected from the nucleus itself (not from the electron
shells) when a neutron converts into a proton. Beta particles are much lighter and faster than
alpha particles, and carry charge —1. They are moderately ionising and moderately penetrating
— able to travel roughly a metre through air, but stopped by a few millimetres of aluminium.
Gamma (v) ray: a high-frequency, high-energy electromagnetic wave emitted from the nu-
cleus, carrying no charge and no mass. Gamma rays are weakly ionising (they interact only
occasionally with atoms) but are, for exactly that reason, the most penetrating — travelling
large distances through air and requiring several centimetres of lead or a thick layer of con-
crete to reduce their intensity substantially (gamma radiation is never completely "stopped,’
only reduced).

Radiation Nature Range in air lonising Stopped by /
power penetrating
power
« Helium nucleus Few cm Strong (high- Weakest -
(2p + 2n), charge est) sheet of paper,
+2 few cm of air
B8 Fast electron, ~1m Moderate A few mm of
charge —1 aluminium
~y EM wave, no Very large Weak (lowest) Strongest —
charge, nomass  (inverse- several cm of
square law) lead / thick
concrete

Comparison of alpha, beta and gamma radiation: range, ionising power and penetrating power.

(1) Loi thueng gdp: It is easy to muddle up "most ionising” with "most penetrating,” but for
these three radiations they run in opposite order. Alpha is the most strongly ionising, yet
the least penetrating (stopped by paper) — precisely because it loses its energy so rapidly
through intense ionisation over a very short distance. Gamma is the least ionising, yet the
most penetrating — because it interacts with matter only rarely. Never assume "more ionising”
means "more penetrating”: for nuclear radiation, it is the reverse.

5.3.1 Behaviour in Electric and Magnetic Fields

Because alpha and beta particles are charged, both are deflected by electric and magnetic fields;
gamma rays, having no charge, are undeflected by either.
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Radiation Electric field (between Magnetic field
charged plates)

« Deflects toward the Deflects, but by a
negative plate (positive smaller amount than
charge); deflection is beta, for the same
small, because the al- reason (large mass)
pha particle is relatively

massive

B Deflects toward the Deflects strongly,inthe
positive plate (negative opposite direction to al-
charge) — opposite pha (opposite sign of

direction to alpha; charge)
deflection is large,
because the electron’s

mass is tiny
~y No deflection (un- No deflection (un-
charged) charged)

Deflection of alpha, beta and gamma radiation in electric and magnetic fields: direction is set by the sign of the charge,
while the amount of deflection (for the same field and similar speed) is larger for smaller mass.

Vi du 4 - Deflection of radiation in a magnetic field

A beam containing alpha, beta and gamma radiation passes through a strong magnetic field
directed into the page. Describe and explain what would be observed for each type.

Alpha: deflected to one side (the direction given by the force on a moving positive charge in
that field) — the deflection is relatively small because the alpha particle has a comparatively
large mass.

Beta: deflected to the opposite side from the alpha particles, because it carries the opposite
sign of charge (negative). Its deflection is considerably larger than the alpha particle’s, since a
beta particle (an electron) has a far smaller mass, so a similar-sized magnetic force produces a
much greater curvature in its path.

Gamma: travels straight through, undeflected, since it carries no charge and therefore expe-
riences no magnetic force.

- GIAI THICH TIENG VIET

Alpha (hat nhan heli, 2p + 2n) mang dién tich +2, ion héa manh nhat nhung xuyén thiu kém
nhat (mot to gidy cling chdn duoc). Beta (electron nhanh) mang dién tich —1, ion hda va xuyén
thau & mdrc trung binh (cAn vai mm nhém dé chan). Gamma (séng dién tir) khong mang dién,
ion héa yéu nhat nhung xuyén thau manh nhat (can chi day hoac bé tong day méi giam dang
ké). Trong dién trudng/tlr trudng: alpha va beta léch vé hai phia ngugc nhau (do dién tich
trai dau), beta léch nhiéu hon alpha (do khéi lugng electron rat nho); gamma khéng bi léch vi
khéng mang dién.

5.4 Half-Life and Radioactive Decay

Because the decay of any individual nucleus is random, it is meaningless to ask "how long until this
atom decays?” Instead, radioactive decay is described statistically using half-life.

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 136



859359 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

Half-life (t1/2) is the time taken for half of the undecayed nuclei in a sample to decay — equiv-
alently, the time taken for the activity (or measured count rate) of a sample to fall to half of
its original value. Half-life is a fixed, characteristic property of a given radioactive isotope,
completely unaffected by the amount of the sample present, its temperature, or its chemical
state.

After n whole half-lives, the number of undecayed nuclei (or the activity, or the corrected count
rate) remaining is given by:
1 n
N = N,
0 <2>

total elapsed time

where N, is the initial value and n is the number of half-lives that have elapsed (n = . ).
1/2

At IGCSE level, calculations are restricted to whole numbers of half-lives; if a problem gives a time

that is not a whole-number multiple of the half-life, the appropriate remaining activity must instead

be read directly off a decay graph (interpolating between the plotted curve’s values), rather than

. _. l
using non-integer powers of 3.

100

50

Activity (% of N,)

25
12.5

Time (number of half-lives elapsed)

A radioactive decay curve: activity falls exponentially, halving after every successive half-life
(100% — 50% — 25% — 12.5% — ...). The curve never quite reaches zero, but after only a few half-lives the
remaining activity becomes very small.

(1) L6i thuong gap: Half-life is not the time for a sample to decay completely — it is only the
time for the activity (or the number of undecayed nuclei) to fall to half. After one half-life, 50%
remains (not 0%); after two half-lives, 25% remains (not 100% decayed after "two halves”); the
amount remaining keeps halving indefinitely and, mathematically, never reaches exactly zero.

Vi du 5 - Finding half-life from initial and final activity

The count rate from a radioactive source falls from 800 counts/min to 100 counts/min over 24
days. Find the half-life of the source.

Ratio of activities: % = 8 = 23, so n = 3 half-lives have elapsed in 24 days.

tijp = 2*; =[8.0days|
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Vi du 6 - Activity remaining after a given number of half-lives

A sample has an initial activity of 960 Bq and a half-life of 4.0 days. Find its activity after 16
days.

Number of half-lives: n = 41—?) = 4.

N =N, (;)4:960x116:.

Vi du 7 - Combining background subtraction with half-life

A detector placed near a radioactive source reads 340 counts/min; with the source removed,
background alone reads 20 counts/min. The source has a half-life of 6.0 minutes. Find the total
reading the detector would show after 18 minutes (assuming background stays constant).

Step 1 — subtract background: corrected initial activity = 340 — 20 = 320 counts/min.
3

1 . . . 1
Step 2 — apply half-life: n = % = 3 half-lives, so corrected activity after 18 min = 320 x <7> =

2
320 .
<= 40 counts/min.

Step 3 — add background back on (since the detector always measures source + background
together): total reading = 40 + 20 = ‘ 60 counts/min ‘

Vi du 8 - Choosing a suitable half-life and radiation type for an application

(a) A radioactive tracer is to be injected into a patient to monitor blood flow using an external
detector. Explain why the tracer should have a short half-life and be a gamma emitter.

(b) A source is needed to sterilise medical equipment by killing bacteria, where the source must
last for years without needing frequent replacement and must penetrate through packaging.
Explain why a long-half-life gamma emitter (such as cobalt-60) is appropriate, rather than a
short-half-life source.

(a) A short half-life means the tracer’s activity — and therefore the patient’s radiation dose —
decays away quickly once the scan is complete, minimising the total radiation dose received.
It must be a gamma emitter (not alpha or beta) because gamma radiation is by far the most
penetrating type, able to pass out through the patient’s body and reach an external detector;
alpha and beta radiation would be almost entirely absorbed within the tissue, delivering un-
necessary ionising damage internally without ever reaching the detector.

(b) For sterilisation, the source needs to keep emitting strongly over a long working lifetime
(years) without being replaced constantly, so a long half-life (cobalt-60 has a half-life of about
5.3 years) is appropriate — its activity barely falls over the timescale it is used. It must also be
a gamma emitter because gamma rays can penetrate packaging and equipment to kill bacteria
and micro-organisms throughout, whereas alpha or beta radiation would be stopped at or near
the surface and could not sterilise the interior.

5.4.1 Radiocarbon Dating (Application)

Living organisms continuously exchange carbon with their environment, keeping a roughly constant
proportion of radioactive carbon-14 (alongside stable carbon-12) in their tissues. Once an organism
dies, it stops exchanging carbon, and the carbon-14 already present simply decays away with its
characteristic half-life (about 5730 years) while the carbon-12 amount stays fixed. Measuring the
remaining fraction of carbon-14 activity (compared to a living sample) therefore allows the age of
some organic remains to be estimated.
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Vi du 9 - Radiocarbon dating calculation

A fragment of ancient wood is found to have a carbon-14 activity equal to 25% of that of an
equivalent freshly-cut sample. The half-life of carbon-14 is 5730 years. Estimate the age of
the wood.

1 1\?

26% = 1= <§> , so n = 2 half-lives have elapsed.

Age =2 x 5730 = ‘ 11460 years (about 11500 years) ‘

Vi du 10 - Deducing half-life directly from a decay graph

The graph below shows the (background-corrected) activity of a radioactive sample plotted
against time; the half-life is not stated directly and must be read from the curve. Two points
have been marked on the curve: at ¢ = 5 minutes the activity is 400 Bqg; at ¢ = 15 minutes the
activity is 100 Bq. Use these two readings to find the half-life of the sample.

800

600

(5 min, 400 Bq)
400

Activity (Bq)

2001 (15 min, 100

0 | | |
0 5 10 15 20

Time (minutes)

A decay curve with two points read directly off it, used to deduce the half-life graphically without it being given
directly.

. . . .. 400
Reasoning: between ¢t = 5 min and ¢t = 15 min, the activity falls by a factor of 100 = 4 =22 50

exactly 2 half-lives must have elapsed between these two readings.
Elapsed time between the two readings = 15 — 5 = 10 minutes, and this equals 2 t1 /9

10 -
fij2 = - =|5.0 minutes|

GIAI THICH TIENG VIET

Co thé tim chu ky ban ra truc tiép tr do thi phan ra ma khong can biét gia tri ban dau N,
va khéng can dé bai cho sin chu ky ban ra: chi can doc hai diém bat ky trén dudng cong (vi
du 400 Bq tai t = 5 phat va 100 Bq tai t = 15 phat), tinh ti s6 dd phong xa gitra hai diém dé
(400/100 = 4 = 22, tirc 2 chu ky ban ra), réi lay khoang thoi gian gilra hai di€m chia cho sé chu
ky ban ra d6 déra t, ,.

5.4.2 Half-Lives in Practice: A Comparison

Real radioisotopes span an enormous range of half-lives, from a few hours to billions of years, and the

half-life needed for a given application depends entirely on the timescale over which that application
operates.
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Isotope

Half-life

Typical use (why this half-life suits it)

Technetium-
99m

lodine-131

Cobalt-60

Americium-

241

Carbon-14

Uranium-238

~ 6 hours

~ 8days

~ 5.3 years

~ 432 years

~ 5730
years

~ 4.5 x 10°
years

Medical tracer (imaging organ-
s/blood flow) — decays away almost
completely within a day or two,
minimising the patient’s long-term
radiation dose

Diagnosing/treating thyroid condi-
tions — long enough to remain ac-
tive throughout a multi-day proce-
dure, short enough to clear from the
body within a few weeks
Radiotherapy source / sterilisation —
long enough that the source need
not be replaced often, while still
emitting strongly enough to be use-
ful

Smoke detectors — a long half-
life means sensitivity barely declines
over the working lifetime of the de-
tector

Radiocarbon dating of formerly-
living material, over timescales of
thousands of years

Dating rocks and estimating the age
of the Earth, over geological (billions-

of-years) timescales

Approximate half-lives of some important real radioisotopes and why each is suited to its particular application.

As a general rule: an application that needs an isotope’s activity to fall away quickly once
it has served its purpose (so as to minimise dose to people, e.g. a medical tracer) calls for a
short half-life; an application that needs a source to keep working reliably over a long working
lifetime without replacement (e.g. a smoke detector) or that is dating material over a very long
timescale (e.g. rocks, fossils) calls for a long half-life.

. GIAI THICH TIENG VIET

Cac doéng vi phéng xa cé chu ky ban ra rat khac nhau, tir vai gi& dén hang ti ndm, va moi
trng dung phu hop véi mot khoang chu ky ban rd nhat dinh: Tc-99m (~6 gid) dung lam chat
danh dau y t&; I-131 (~8 ngay) dung chan doan/diéu tri tuyén giap; Co-60 (~5,3 ndm) dung
xa tri/tiét trung; Am-241 (~432 ndm) dung dau bao khéi; C-14 (~5730 nam) dung dinh tudi
carbon; U-238 (x~4,5 ti nam) dung dinh tudi da/dia chat. Nguyén tic chung: (*ng dung can
ddng vi "bién mat nhanh” sau khi dung xong (d€ giam liéu nhiém xa) can chu ky ban ra ngan;
irng dung can ngudn hoat déng 6n dinh lau dai hoic dinh tudi trén thang thoi gian rat dai can
chu ky ban ra dai.

- GIAI THICH TIENG VIET
Chu ky ban ra (t, ) la thoi gian dé s6 hat nhan chua phan ra (hodc dé phéng xa, téc dé dém)
giam con mét nira. Sau n chu ky ban ra: N = N,(1/2)". O chuong trinh IGCSE, chi tinh véi s6
chu ky ban ra nguyén (1, 2, 3,...); néu thoi gian khong chia hét cho chu ky ban ra, phai doc gia
tri truc ti€ép tir do thi phan ra. Khilam bai, luén: (1) trir phong nén trudec, (2) réi maéi ap dung
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cdng thire chu ky ban r3, (3) cong lai phéng nén néu dé hoi "sé dém téng cong” may sé hién
thi. Chu ky ban ra ngan phu hop véi chat danh dau y té& (giam liéu nhiém xa cho bénh nhan);
chu ky ban ra dai phu hop véi dau bao khéi hoic dinh tudi vat liéu.

5.5 Nuclear Equations (Supplement)

(Supplement) When a nucleus decays, the transformation can be written as a nuclear equation, sim-
ilar in form to a chemical equation, but balancing nucleons instead of atoms.

Rules for balancing nuclear equations

(Supplement) In any nuclear equation, both of the following must balance across the whole
equation (left-hand side total = right-hand side total):

¢ the mass (nucleon) numbers, A — the top numbers;

¢ the proton numbers, Z — the bottom numbers.
Alpha decay: the nucleus emits an alpha particle, 2He. The mass number decreases by 4 and
the proton number decreases by 2:

AX — 273Y + 3He

Beta decay: inside the nucleus, a neutron converts into a proton, emitting a fast electron (the
beta particle) which leaves the nucleus:

0

(1)n — %p + e
This means the mass number is unchanged (a neutron becomes a proton, so nucleon count
stays the same) while the proton number increases by 1 (one more proton than before, and

correspondingly one fewer neutron):

A A 0
ZX = Y + Jje

(') L6i thuong gap: A nuclear equation must balance both the mass numbers (4) and the proton
numbers (Z) on both sides — checking only one of the two is a common and serious mistake.
Always add up the top numbers on each side and check they match, then separately add up
the bottom numbers on each side and check those match too.

Vidu 11 - Alpha decay: uranium-238

Write the balanced nuclear equation for the alpha decay of uranium-238, 238U.

Alphadecay: A -+ A—4 =238 —4=234; Z — Z—2=92—2= 90 (proton number 90 is
thorium, Th).

235U — 2Th + 4He

Check: mass numbers 234 + 4 = 238 v'; proton numbers 90 + 2 = 92 v'.

Vidu 12 - Alpha decay: radium-226

Write the balanced nuclear equation for the alpha decay of radium-226, 22°Ra.
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A —226—4=222; Z — 88— 2= 86 (proton number 86 is radon, Rn).
226Ra — 222Rn + jHe

Check: 222 +4 =226 v/; 86+2 =288 V.

Vi du 13 - Beta decay: carbon-14

Write the balanced nuclear equation for the beta decay of carbon-14, }1C.
Beta decay: A unchanged, =14; Z — Z+1 =6+ 1 = 7 (proton number 7 is nitrogen, N).

14 14 0
6 C — *N + e

Check: 14=14Vv; 6=T+(—1)=6 V.

Vi du 14 - Beta decay: cobalt-60

Write the balanced nuclear equation for the beta decay of cobalt-60, $2Co (a source widely
used in radiotherapy and sterilisation).

Beta decay: A unchanged, = 60; Z — 27 4+ 1 = 28 (proton number 28 is nickel, Ni).

60 60Njj &+ O
97Co — NI + “le

Check: 60 = 60 v'; 27 =28+ (—1) =27 .

Vidu 15 - Alpha decay: plutonium-239

| r

(Supplement) Plutonium-239, §§9Pu, used as a fuel in some nuclear reactors, undergoes alpha
decay. Write the balanced nuclear equation (proton number 92 is uranium, U).

Alphadecay: A -+ A—4=239—4=235;, Z — Z—2=94—2=92(proton number 92 is
uranium, U).
21%Pu — 23°U + JHe

Check: mass numbers 235 + 4 = 239 v'; proton numbers 92 + 2 = 94 V.

GIAI THICH TIENG VIET

Supplement) Plutonium-239 (23°Pu) phan ra alpha thanh uranium-235 (23°U) va mot hat alpha
(3He): s6 khaoi giam 4 (239 — 235), s6 proton giam 2 (94 — 92) — hai vé déu can bang.

GIAI THICH TIENG VIET

Supplement) Phuong trinh hat nhan phai can bang ca sé khéi A va sé proton Z & hai vé. Phan
ra alpha: phat ra jHe, s6 khéi giam 4, s6 proton gidm 2. Phan ra beta: mot neutron bién thanh
mot proton va phat ra electron ° e, s& khoi gilr nguyén, sé proton tang 1. Vi du: U-238 —
Th-234 + He-4 (phan ra alpha); Ra-226 — Rn-222 + He-4 (phan ra alpha); C-14 — N-14 +
electron (phan ra beta); Co-60 — Ni-60 + electron (phan ra beta).

5.6 Uses and Hazards of Radioactive Emissions
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5.6.1 Medical Uses

Diagnosis (tracers): a small quantity of a radioisotope emitting gamma radiation (so it can es-
cape the body and be detected externally) with a short half-life (so the dose to the patient
falls away quickly) is injected or swallowed, and its path or concentration is followed with an
external detector — used, for example, to study blood flow, kidney function, or locate tumours.
Radiotherapy: carefully targeted, high-intensity gamma (or sometimes beta) radiation from a
source such as cobalt-60 is aimed at cancerous tissue to kill or damage cancer cells; healthy
surrounding tissue is protected as far as possible by careful focusing/shielding and rotating the
source or patient so the beam always converges on the tumour from different angles.

5.6.2 Industrial and Other Uses

Thickness gauging: a beta source is placed on one side of a continuous sheet of material (e.g.
paper, plastic, metal foil) as it is manufactured, with a detector on the other side; beta radiation
is partly absorbed by the material, so the detector reading changes with thickness — if the
sheet becomes too thick, less beta radiation gets through (detector reading falls), and rollers
automatically adjust to correct it. (Alpha would be completely stopped even by a very thin
sheet, giving no useful information about small thickness changes; gamma would pass through
almost unaffected, giving too little sensitivity.)

Smoke detectors: a very weak alpha source (typically americium-241) ionises the air in a small
chamber, allowing a small, steady current to flow; smoke particles entering the chamber absorb
the alpha radiation and disrupt this ionisation, reducing the current and triggering the alarm. A
long half-life is used so the detector’s sensitivity does not noticeably decline over its working
lifetime.

Sterilisation: a strong gamma source (e.g. cobalt-60) irradiates medical instruments or food,
killing bacteria and other micro-organisms; gamma is used because it penetrates deeply enough
to sterilise the entire object, including sealed packaging, without the item ever needing to be
opened.

Radiocarbon dating (discussed above): uses the known half-life of carbon-14 to estimate the
age of formerly-living material.

5.6.3 Smoke Detectors: How the lonisation Chamber Works (Application)

A household ionisation smoke detector contains a small sensing chamber with two electrodes con-
nected across a small voltage source, and a tiny, extremely weak alpha source (typically americium-
241) positioned so that its radiation continuously passes across the gap of air between the elec-
trodes.

Normal operation (no smoke): alpha particles continuously ionise the air molecules in the gap,
knocking electrons off them to create a steady population of positive ions and free electrons.
Under the small potential difference applied across the electrodes, these charged particles are
pulled toward the oppositely-charged electrode, allowing a small, steady current to flow con-
tinuously through the circuit — this steady current is the detector’s "normal, all-clear” signal.

When smoke enters the chamber: smoke particles are relatively large, and they readily ab-
sorb alpha particles and attach to the ions produced, both reducing the rate at which fresh
ions are created and removing existing ions/electrons from the gap before they can reach the
electrodes. This causes the current flowing through the circuit to fall measurably. The alarm’s
circuitry is designed to detect this drop in current, once it falls below a set threshold, and sound
the alarm.
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ionisation chamber (cross-section)

ions/electrons from « ionisation
N ° ° o

> [ ] )

Am-P41 source (o) <>

small steady current, falls when smoke enters

A household ionisation smoke detector: a weak alpha source continuously ionises air between two electrodes inside a
small chamber, maintaining a small steady current through the external circuit (measured by the ammeter, A). Smoke
particles entering the chamber absorb alpha radiation and remove ions, reducing the current and triggering the alarm

circuit.

- GIAI THICH TIENG VIET

Dau bao khéi ion hdéa cé6 mot bubng cam bién nhé chira ngudn alpha rat yéu (thuong la
americium-241) dat sao cho birc xa ctia né chiéu qua khe hé khéng khi gilra hai dién cuc.
Binh thuong, hat alpha lién tuc ion héa khéng khi trong khe h@, tao ra cac ion duong va elec-
tron tu do di chuyén vé hai dién cuc dudi tdc dung cta hiéu dién thé nho, tao ra mét dong
dién nhé, 6n dinh chay trong mach — day la tin hiéu "binh thudng, khdng cé chay”. Khi cé khoi
lot vao budng, cac hat khaoi (kha I&n) hap thu hat alpha va cac ion, lam giam s6 ion dén duoc
dién cuc, khién dong dién trong mach gidm xuéng mot cach ro rét. Mach dién duoc thiét ké
dé phat hién su sut gidm dong dién nay (khi né giam qua moét ngudng nhat dinh) va kich hoat
chudng bao dong.

(1) L6i thuong gap: Itis a common misconception that alpha sources are inherently "safer” than
beta or gamma sources. In reality, alpha sources are only safe to handle externally because
alpha particles are stopped by the outer dead layer of skin or by a few centimetres of air, so
they cannot reach living tissue from outside the body. If an alpha source is instead inhaled
or ingested, it becomes extremely hazardous — all of its intensely ionising radiation is then
released directly onto living cells inside the body, with none of it wasted or blocked before
reaching them, causing far more localised biological damage than an external alpha source
of the same activity ever could. This is exactly why a smoke detector’s tiny alpha source is
permanently sealed inside the device rather than left exposed, and why radioactive sources of
any type must never be handled in ways that risk inhalation or ingestion.

5.6.4 External Beam Radiotherapy and Gamma-Emitting Tracers (Application)

External beam radiotherapy directs a high-intensity beam of gamma radiation from a source such as
cobalt-60, collimated (narrowed and focused), toward a tumour inside the patient’s body. A single,
fixed beam angle would deliver its full dose along the entire straight-line path it travels — damaging
the healthy tissue it passes through, both before and after reaching the tumour, in addition to the
tumour itself. To reduce this collateral damage, the source (or, equivalently, the patient) is slowly
rotated around the tumour during treatment, so that beams enter the body from many different
angles and directions.
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Each individual beam path, entering from a different angle, passes through a different region
of healthy tissue only once on its way to the tumour, delivering a relatively low dose to that
particular region of healthy tissue. However, because the tumour itself lies at the point where
all of these different beam paths cross, it receives the combined, overlapping dose from every
single beam angle — a much larger cumulative dose than any one path of healthy tissue receives
on its own. The net effect of rotating the source is to concentrate a high, destructive dose
specifically at the tumour, while spreading the incidental dose to healthy tissue thinly across a
much larger surrounding volume, minimising damage to any one region of healthy tissue.

patient (crgss-section)

source rotated to many angles around the |patient; beams overlap only at the tumour

[ J
External beam radiotherapy: a gamma source is rotated around the patient (or the patient rotated relative to a fixed

source) so that beams converge on the tumour from many different angles. Healthy tissue along any single path receives
only a low dose, but the tumour — where every path overlaps — receives a much higher cumulative dose.

Medical tracers use a different strategy: rather than irradiating from outside, a small quantity of
a gamma-emitting radioisotope is introduced into the body (injected or swallowed) and tracked using
an external detector (a gamma camera) as it moves through, or accumulates in, a particular organ or
tissue. A widely used example is technetium-99m, with a half-life of about 6 hours.

Why gamma, not alpha or beta? The tracer must emit radiation capable of travelling out of
the patient’s body to reach an external detector. Alpha and beta radiation are both absorbed
within only millimetres to centimetres of tissue, so they would never escape the body to be
detected — they would only deliver unnecessary, purely destructive ionising dose internally,
with no diagnostic benefit whatsoever. Gamma radiation, being weakly ionising and highly
penetrating, can pass out of the body largely intact and be picked up by an external detector,
while depositing comparatively little damaging ionisation within the tissue it passes through.

Why a short half-life? A short half-life means the tracer’s activity decays away substantially
within hours to a few days of the scan being completed — minimising the total radiation dose
accumulated by the patient over time, since a source with a long half-life would continue irra-
diating the patient’s body long after the diagnostic information had already been obtained, for
no further benefit. The half-life must not be too short, however: it needs to remain active for
long enough to be manufactured, transported, administered to the patient, and for the scan
itself to be completed.
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. GIAI THICH TIENG VIET

Trong xa tri chi€u ngoai (external beam radiotherapy), nguén gamma (vi du Co-60) duoc xoay
quanh khéi u (hodc bénh nhan duoc xoay) dé cadc chum tia di vao co thé tir nhiéu goc khac
nhau. Méi dudng di chi chi€u qua mét vang mé lanh ddng moét [an véi liéu thap, nhung khéi u
— noi tat ca cac dudng di giao nhau — nhan dugc lieu téng hop tir moi gbc, tire lieu tai khéi u
cao hon han liéu tai bat ky viing mé lanh nao. Chat danh dau y té& (vi du technetium-99m, chu
ky ban ra khoang 6 gid) duoc dua vao co thé va theo déi bang may dd gamma bén ngoai. Phai
dung tia gamma (khdng phai alpha/beta) vi gamma xuyén ra khoi co thé dé€ may do bén ngoai
phat hién duoc, trong khi alpha/beta bi hdp thu ngay trong co thé ma khéng mang lai loi ich
chan doan nao. Phai dung chu ky ban rd ngan dé gidm téng liéu nhiém xa ctia bénh nhan theo
thai gian, nhung khéng duoc qua ngan vi can du thai gian dé san xuat, van chuyén, tiém/uéng
va hoan thanh viéc chup anh.

5.6.5 Hazards and Precautions

lonising radiation can damage living cells: it can break chemical bonds within molecules (including
DNA), potentially killing cells outright, or causing mutations that may lead to cancer if the damaged
cell survives and divides abnormally. The degree of biological harm depends on the type of radiation,
the dose received, and whether the source is outside the body or has been inhaled/ingested (once
inside the body, even a weakly-penetrating but strongly-ionising alpha source can cause severe lo-
calised damage, since none of its radiation is wasted escaping the body).

Precautions when handling radioactive sources:

¢ Shielding — using an appropriate barrier (lead for gamma, thick material for beta) to absorb
radiation before it reaches the body.

¢ Distance — radiation intensity falls off rapidly with distance from a source (following an
inverse-square law for point sources), so handling sources with tongs and standing well
back significantly reduces dose.

¢ Minimising exposure time — the total dose received increases with the time spent near a
source, so exposure time should always be kept as short as reasonably possible.

¢ Protective clothing and equipment — lead aprons, gloves, and monitoring badges (film
badges/dosimeters) to track the cumulative dose received by workers.

e Safe storage and disposal — sources are kept in shielded, clearly labelled containers when
not in use, and radioactive waste is stored securely (sometimes for very long periods, match-
ing the half-life of the waste) to prevent contamination of the environment.

Vi du 16 - Reasoning about radiation choice for an application

A factory produces thin plastic sheeting and needs to continuously monitor its thickness as it
is rolled out. Explain why a beta source, rather than an alpha or gamma source, is the appro-
priate choice.

An alpha source would be completely absorbed even by the thinnest sheet (or by the air gap
itself), so the detector reading would always be zero regardless of thickness — giving no useful
information. A gamma source would pass through the thin plastic almost unaffected regard-
less of small changes in thickness, so the detector reading would barely change — again giving
too little sensitivity to detect thickness variations. A beta source is partially absorbed by a
thickness of material in this range, so the detector reading changes measurably (and roughly
proportionally) as the sheet’s thickness varies — making beta radiation the appropriate, sensi-
tive choice for this thickness-gauging application.
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Birc xa ion héa c6 thé pha v& lién két hda hoc trong té€ bao (ké ca ADN), giy chét té€ bao hoac
dét bién din dén ung thu. Bién phap phong tranh: che chan (shielding), gitr khodng cach xa
nguon, giam thoi gian ti€p xdc, mac trang phuc bao hd, va luu trir/xtr ly chat thai phong xa an
toan. Ung dung: chat danh dau y té va xa tri dung gamma; do d6 day cong nghiép dung beta;
dau bao khéi dung alpha (chu ky ban ra dai); tiét trung dung gamma (xuyén qua duoc bao bi).

5.6.6 Nuclear Fission (Supplement)

(Supplement) Nuclear fission is the splitting of a large, unstable nucleus (such as uranium-235) into
two smaller nuclei, after it absorbs a slow-moving neutron. Fission releases a very large amount
of energy (far more per reaction than any chemical process), along with two or three additional
neutrons.

/ neutron

/ \ neutron
neutron
—>

\ neutron

+ a large release of energy

Nuclear fission: a slow neutron is absorbed by a large unstable nucleus (e.g. uranium-235), which splits into two smaller
nuclei plus two or three more neutrons and a large release of energy. Each released neutron can go on to split a further
nucleus, sustaining a chain reaction.

(Supplement) Because each fission event releases more neutrons than it absorbed, those neu-
trons can go on to trigger fission in further nuclei, which release still more neutrons — a self-
sustaining chain reaction. In a nuclear power station, this chain reaction is controlled (kept
steady rather than escalating) inside a reactor:

e Fuel rods — contain the fissile material (e.g. enriched uranium-235) where fission takes
place.

e Moderator (e.g. graphite or water) — slows down the fast neutrons released by fission to
the slower speeds needed to efficiently trigger further fission.

e Control rods (e.g. boron or cadmium) — absorb a controllable proportion of the free neu-
trons; lowering them further into the reactor slows the reaction (fewer neutrons available
to cause further fission), raising them speeds it up, allowing the chain reaction’s rate to be
kept steady and safe.

e Coolant — a fluid that carries heat away from the reactor core, ultimately used to boil water
into steam that drives turbines and generators to produce electricity.

5.6.7 Nuclear Fusion (Supplement)

(Supplement) Nuclear fusion is the joining together of two light nuclei (such as isotopes of hydrogen)
to form a single heavier nucleus, releasing a large amount of energy in the process. Fusion is the
process that powers the Sun and other stars.
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Nuclear fusion: two light nuclei (e.g. hydrogen isotopes) combine, under extremely high temperature and pressure, to
form a heavier nucleus (e.g. helium), releasing energy. This is the process that powers the Sun and other stars.

(Supplement) Because both fusing nuclei carry positive charge, they strongly repel each other
electrostatically; fusion can only occur if the nuclei collide with enough energy to overcome
this repulsion and get close enough for the (very short-range) strong nuclear force to bind them
together. This requires extremely high temperature and pressure — conditions found naturally
in the cores of stars, but very difficult to create and sustain artificially. Despite decades of
research, nuclear fusion has not yet been harnessed as a commercially viable power source
on Earth, though it remains an active area of energy research (in contrast to nuclear fission,
which has been used commercially in power stations for decades).

GIAI THICH TIENG VIET

upplement) Phan hach hat nhan (fission): mot hat nhan I&n, khéng bén (vi du U-235) hap thu
neutron cham réi vé thanh hai hat nhan nhé hon, giai phéng thém 2-3 neutron va mét lugng
nang lugng I1&n; cac neutron nay ti€p tuc gdy phan hach cho cac hat nhan khac, tao phan &rng
day chuyén. Trong 10 phan &rng hat nhan: thanh nhién liéu chira vat liéu phan hach; chat lam
cham (moderator) lam cham neutron; thanh diéu khién (control rods) hap thu neutron dé kiém
soat téc do phan (rng; chat lam mat (coolant) mang nhiét ra ngoai dé sinh dién. Nhiét hach hat
nhan (fusion): hai hat nhan nhe két hgp thanh mét hat nhan nang hon, giai phong nang lugng
— day 13 qua trinh cap nang lugng cho Mat Troi va cac ngdi sao; can nhiét do va ap suat cuc
cao dé thang luc day tinh dién gilra cac hat nhan, va con ngudi chua khai thac duoc thuong
mai trén Trai Dat.

5.7 Practice Problems

Bai tap luyén tap

State the number of protons, neutrons and electrons (neutral atom) in the nuclide 131 (iodine-
131).

’
.
v
3

Loi giai chi tiét

Protons = Z = [53].  Neutrons = A — Z = 131 — 53 = [78].  Electrons (neutral atom)

=
Bai tap luyén tap

Which type of nuclear radiation is stopped completely by a single sheet of paper?

(A) Alpha (C) Gamma
(B) Beta (D) All three
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Loi giai chi tiét

Alpha particles are strongly ionising and lose their energy over a very short range, so they are
stopped by a sheet of paper (or a few cm of air). (A).

Bai tap luyén tap

A radioactive source has an activity of 640 Bq and a half-life of 5.0 minutes. Find its activity
after 20 minutes.

Loi giai chi tiet

2 N 64
0 )—60:408q

= — =4 half-lives. N =64 = ==
n alf-lives 60><<2 16

A
o

Bai tap luyén tap

(Supplement) Americium-241, 231 Am, used in smoke detectors, undergoes alpha decay. Write

the balanced nuclear equation, identifying the daughter nuclide (proton number 93 is neptu-
nium, Np).

Loi giai chi tiét
A—241—-4=237;, Z—95—2=93.

241 237 4
55 Am — |53'Np | + 3He

Check: 237 4+4=241v; 934+2=95V.

Bai tap luyén tap

A GM tube reads 260counts/min near a source; with the source removed it reads
20 counts/min (background). The source’s half-life is 4.0 minutes. Find the total reading the
detector would show after 12 minutes.

Lai giai chi tiét

s . . 12
Corrected initial activity = 260 — 20 = 240 counts/min. n = 0= &8
- , 1\° 240 :
Corrected activity after 12 min = 240 x <§> =3 = 30 counts/min.

Total reading = 30 + 20 = ‘ 50 counts/min ‘

Bai tap luyén tap

Lead has two stable isotopes: lead-206 and lead-208 (Z = 82 for both). Find the number of
neutrons in each, and confirm they are isotopes of the same element.

Loi giai chi tiét

Lead-206: neutrons = 206 — 82 = |124].  Lead-208: neutrons = 208 — 82 = | 126 |
Both have the same proton number (Z = 82, so both are lead) but a different number of
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-

-

neutrons — this is the definition of isotopes.

Bai tap luyén tap

Explain why it is impossible to predict exactly when a particular radioactive nucleus will decay,
yet the activity of a large sample of the same isotope follows a smooth, predictable decay
curve.

Loi giai chi tiét

Radioactive decay is a random process at the level of an individual nucleus: every undecayed
nucleus has the same, constant probability of decaying in a given time interval, with no way to
know in advance which nucleus (or when) will decay next. However, a real sample contains an
enormous number of nuclei, and although each one decays at a random moment, statistically
the proportion decaying in a given time interval is highly predictable when averaged over so
many nuclei — just as tossing a huge number of coins gives an unpredictable result for any
single coin but a very predictable overall fraction of heads. This is why the half-life and the
overall decay curve are precise and repeatable, even though the underlying process is random.

Bai tap luyén tap

Which type of nuclear radiation is not deflected by a magnetic field?

(A) Alpha (C) Gamma
(B) Beta (D) Both alpha and beta

Loi giai chi tiét
Gamma radiation carries no charge, so it experiences no force in a magnetic field and travels
straight through undeflected. (C).

Bai tap luyén tap

A radioactive sample’s activity falls from 960 Bq to 30 Bg over 24 hours. Find its half-life.

Loi giai chi tiet

. 960 . .
Ratio: 30 = 32 = 2%, so n = 5 half-lives have elapsed in 24 hours.

ti2 = % :'

Bai tap luyén tap

(Supplement) Strontium-90, ggsn undergoes beta decay. Write the balanced nuclear equation,
identifying the daughter nuclide (proton number 39 is yttrium, Y).

Loi giai chi tiét
Aunchanged =90; 7 — 38+ 1 = 39.

90 90 0
389r — [30Y | + e
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Check: 90 =90 v'; 38 =39+ (—1) =38 V.

Bai tap luyén tap

Which of the following is a natural source of background radiation?

(A) Radon gas (C) Nuclear waste
(B) Medical X-rays (D) Radiotherapy treatment

Lai giai chi tiét

Radon gas seeps naturally from rocks and soil and is typically the largest natural contributor
to background radiation. (A).

Bai tap luyén tap

Explain why a radioactive tracer used for medical imaging should have both a short half-life
and emit gamma radiation.

Loi giai chi tiét

A short half-life means the tracer’s activity (and the patient’s radiation dose) falls away quickly
once the scan is complete, minimising the total dose received. Gamma radiation is used be-
cause it is the most penetrating type, able to pass out of the patient’s body and be detected
externally; alpha or beta radiation would instead be absorbed within the body, causing unnec-
essary internal ionising damage while never reaching an external detector.

Bai tap luyén tap

What fraction of a radioactive sample’s original activity remains after exactly 3 half-lives?

(A) 1/8 (C) 1/3
(B) 1/6 (D) 3/8

Lai giai chi tiét

-

o) -tw

Bai tap luyén tap

A sample contains 800 Bq of a radioisotope with a half-life of 2.0 years. Find its activity after
8.0 years.

Lai giai chi tiét

-

=[50Bq

. 1% 800
— 2" _—4 N-= ) =
n 800><<2) T
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Bai tap luyén tap

Rank alpha, beta and gamma radiation in order of increasing penetrating power.

Loi giai chi tiet

-

— alpha is stopped by paper, beta by a few mm of aluminium, and gamma needs
thick lead or concrete to reduce it substantially.

Bai tap luyén tap

An atom has 7 protons and 7 neutrons in its nucleus. State its mass number and identify the
element (proton number 7 is nitrogen).

Loi giai chi tiét

Mass number A =7+7 = . Since Z = 7, the element is ’ nitrogen (N-14) ‘

Bai tap luyén tap

Explain, in terms of ionisation, why alpha particles have a much shorter range in air than beta
particles or gamma rays.

Lai giai chi tiét

Alpha particles are large, slow-moving and carry a relatively big charge (4-2), so they interact
very strongly with the atoms they pass, knocking electrons off a great many of them (strong
jonisation) over a very short distance. Each ionisation event costs the alpha particle some of its
kinetic energy, so it loses essentially all its energy — and stops — within only a few centimetres
of air. Beta and (especially) gamma radiation ionise far less often per unit distance travelled,
losing energy much more slowly, so they can travel much further before being absorbed.

Bai tap luyén tap

Uranium has two important isotopes: uranium-235 and uranium-238 (both Z = 92). Find the
number of neutrons in each, and state which isotope is used as nuclear fuel.

Loi giai chi tiét

U-235: neutrons = 235 — 92 = | 143].  U-238: neutrons = 238 — 92 = | 146 .
Uranium-235 is the isotope capable of sustaining a fission chain reaction and is used as nuclear
fuel.

Bai tap luyén tap

In beta decay, what happens to the proton number Z and the mass number A of the decaying
nucleus?

(A) Z increases by 1; A unchanged (C) Z decreases by 2; A decreases by 4
(B) Z unchanged; A decreases by 4 (D) Z increases by 1; A increases by 1
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Loi giai chi tiét

In beta decay a neutron converts to a proton, so Z increases by 1 while the total nucleon count
(A) is unchanged. (A).

Bai tap luyén tap

(Supplement) Thorium-232, 232Th, undergoes alpha decay. Find the mass number and proton
number of the daughter nuclide, and identify the element (proton number 88 is radium).

Lai giai chi tiét

A—232—-4=228;, Z—90—2=88.

232 228 4
50-Th — |z°Ra| + SHe

Check: 228 +4 =232 v; 88 +2=90 V.

Bai tap luyén tap

Smoke detectors typically use americium-241, an alpha emitter with a long half-life (about
432 years). Explain why an alpha source is suitable for this purpose, and why a long half-life
is chosen.

Loi giai chi tiét

An alpha source is used because alpha particles are strongly ionising over a very short range,
which is exactly what is needed to ionise the small volume of air inside the detector’s sensing
chamber and maintain a small steady current, without needing to escape the device (unlike
gamma, which would mostly pass straight through without ionising the air) and without the
health/shielding concerns of a more penetrating source. A long half-life is chosen so that the
source’s activity — and hence the detector’s sensitivity — does not noticeably decline over the
working lifetime of the smoke detector, avoiding the need for frequent replacement.

Bai tap luyén tap

A patient is injected with a radioactive tracer of activity 12 MBq and half-life 6.0 hours. Find
the activity remaining (ignoring biological removal) after 24 hours.

Loi giai chi tiét
AUy N=12x (1>4— 12 075 MB
"Teo0 ¢ T 2) 16 L ly
Bai tap luyén tap

Which of the following correctly defines isotopes?
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(A) Atoms of the same element with the (C) Atoms with the same mass number but
same proton number but different neu- different proton numbers
tron numbers

(B) Atoms of different elements with the (D) Atoms with the same number of elec-
same neutron number trons but different protons

Loi giai chi tiet

-

Isotopes are atoms of the same element (same Z) with different numbers of neutrons (different
A). (A).

Bai tap luyén tap

State three precautions that should be taken by a worker who regularly handles radioactive
sources in a laboratory.

Lai giai chi tiét

Any three of: shielding (using lead or other absorbing material between the source and the
body); handling sources with tongs and keeping as much distance as possible from the source;
keeping exposure time as short as possible; wearing protective clothing (e.g. lead apron,
gloves) and a film badge/dosimeter to monitor cumulative dose; storing sources securely in
shielded, labelled containers when not in use.

Bai tap luyén tap

(Supplement) A nuclide has 86 protons and 136 neutrons. (a) Write its nuclide notation and
identify the element (proton number 86 is radon). (b) If it undergoes alpha decay, write the
balanced nuclear equation for the products (proton number 84 is polonium).

Lai giai chi tiét

-

(a) A = 86 + 136 = 222, so the nuclide is| 22Rn | (radon-222).
(b) Alpha decay: A — 222 — 4 = 218; Z — 86 — 2 = 84.

222 218 4
56 Rn — [2;°Po| + 3He

Check: 218 +4 =222 v'; 84 +2 =286 /.

Bai tap luyén tap

Explain why IGCSE half-life calculations are restricted to whole numbers of half-lives, and
describe how a question involving a "non-whole” number of half-lives could still be answered.

Lai giai chi tiét

The formula N = N, (%)n is straightforward to evaluate by hand only when n is a whole
number (repeated halving); for a non-integer n, evaluating (%)n requires methods (such as
logarithms) that go beyond the IGCSE syllabus. If a problem gives an elapsed time that is
not an exact whole-number multiple of the half-life, the appropriate remaining activity should
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instead be found by reading it directly off a plotted decay curve (interpolating between the
smooth exponential curve’s values at the given time), rather than by calculating a non-integer
power of 1.

Bai tap luyén tap

A GM tube reads 164 counts/min near a source; with the source removed it reads 4 counts/min
(background). The source’s half-life is 20 minutes. Find the total reading the detector would
show after 60 minutes.

Loi giai chi tiét

Corrected initial activity = 164 — 4 = 160 counts/min. n = % =3.
. : 1\* 160 :
Corrected activity after 60 min = 160 x <§> =75 = 20 counts/min.

Total reading = 20 + 4 = ’ 24 counts/min ‘

Bai tap luyén tap

Which particle has a mass number of 4 and a proton number of 2?

(A) An alpha particle (helium nucleus) (C) A gamma ray
(B) A beta particle (electron) (D) A neutron

Lai giai chi tiét

A = 4, Z = 2 describes a helium nucleus, 2He — the alpha particle. (A).

Bai tap luyén tap

(Supplement) Explain, in terms of a chain reaction, how a nuclear reactor’s control rods keep
the fission reaction steady rather than allowing it to escalate uncontrollably.

Loi giai chi tiét

Each fission event releases two or three neutrons, more than the one absorbed to trigger it;
if left unchecked, these extra neutrons would go on to cause more and more fission events at
an ever-increasing rate (a runaway chain reaction). Control rods (made of a material such as
boron or cadmium that readily absorbs neutrons) are inserted into the reactor core to remove
some of these free neutrons before they can cause further fission. Lowering the control rods
further into the core absorbs more neutrons, slowing the reaction; raising them absorbs fewer,
speeding it up — by adjusting their position, operators keep exactly enough neutrons free to
sustain a steady, controlled rate of fission (releasing a steady amount of energy) rather than
an escalating one.

Bai tap luyén tap

(Supplement) Explain why nuclear fusion requires extremely high temperature and pressure
to occur, and state one reason it has not yet been harnessed as a commercial power source on
Earth.
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Loi giai chi tiét

The nuclei that need to fuse are both positively charged, so they strongly repel each other
electrostatically as they approach. Extremely high temperature (giving the nuclei very large
kinetic energy/speed) and high pressure (packing nuclei close together, increasing collision
frequency) are needed so that some collisions are energetic enough to overcome this electro-
static repulsion and bring the nuclei close enough for the short-range strong nuclear force to
bind them together. On Earth, sustaining the enormous temperatures and pressures required
(comparable to conditions in the core of a star), while also containing the resulting extremely
hot plasma safely and extracting more energy than is put in, has proven immensely difficult
— so despite decades of research, fusion has not yet been achieved as a viable, continuous
commercial power source (unlike fission, already used in power stations).

Bai tap luyén tap

A student measures the count rate near a radioactive source and forgets to subtract the back-
ground count rate before calculating the source’s half-life from the data. Explain what effect
this error would have on the calculated half-life.

Lai giai chi tiét

Since background radiation stays roughly constant over time (it does not decay away), failing
to subtract it means every reading used in the calculation is too high by the same fixed amount.
Because this constant background makes the readings decrease by a smaller proportion be-
tween measurements than the source’s activity alone actually does (the ratio of readings is
closer to 1 than it should be), the calculated ratio between successive readings will be too
small, making the apparent number of half-lives elapsed too small — so the calculated half-life
will come out longer (an overestimate) than the true half-life of the source.

Bai tap luyén tap
A radioactive isotope has an activity of 500 Bq. After 3 half-lives, what is its activity?

(A) 62.5Bq (C) 125Bq
(B) 166.7Bq (D) 250Bq

Loi giai chi tiét

1\ 3
N = 500 x <§> = % = 62.5Bq. (A).

Bai tap luyén tap

Explain why a person standing several metres from a gamma source receives a significantly
smaller radiation dose than someone standing right next to it, even though both are exposed
for the same length of time.

Lai giai chi tiét

Radiation from a small (point-like) source spreads out in all directions as it travels, so the same
total amount of radiation is spread over an ever-larger area the further it travels from the
source — the intensity therefore falls off rapidly with distance (following an inverse-square-
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type relationship). Standing several metres away means the radiation has spread out over a
much larger area than right next to the source, so a far smaller fraction of it reaches and passes
through the more distant person’s body in the same time, giving them a substantially smaller
radiation dose.

Bai tap luyén tap

Explain, in terms of ionisation and current, what happens inside a smoke detector’s ionisation
chamber when smoke enters the chamber, and how this triggers the alarm.

Lai giai chi tiét

Normally, the weak alpha source inside the chamber continuously ionises the air between the
two electrodes, producing a steady supply of ions and free electrons that are drawn to the
electrodes, maintaining a small, steady current in the circuit. When smoke particles enter the
chamber, they absorb alpha particles and attach to the ions produced, reducing the number of
ions that reach the electrodes. This causes the current flowing through the circuit to fall. The
alarm circuit is designed to detect this drop in current and, once it falls below a set threshold,
sound the alarm.

Bai tap luyén tap

During external beam radiotherapy, why is the gamma source (or the patient) rotated during
treatment, rather than firing a single fixed beam continuously from one direction?

(A) So that the dose is concentrated at the duced
tumour (where all beam paths overlap)
while the dose to any single region of
healthy tissue is kept low

(C) So that a weaker source can be used
without needing any shielding

(D) So that only alpha radiation reaches the
(B) So that the total treatment time is re- tumour

Loi giai chi tiet

Rotating the source (or patient) means each beam path passes through a different region of
healthy tissue only once, delivering a low dose there, but every path converges on the tumour,
so the tumour receives the combined, much larger dose from all paths overlapping. (A).

Bai tap luyén tap

Which combination of properties makes technetium-99m suitable for use as a medical tracer,
tracked using an external gamma camera?

(A) Long half-life and alpha emission (C) Long half-life and beta emission

(B) Short half-life and gamma emission (D) Short half-life and alpha emission

Loi giai chi tiét
Gamma emission is needed so the radiation can escape the patient’s body and be detected
externally (alpha and beta would simply be absorbed inside the body, delivering dose with

no diagnostic benefit). A short half-life is needed so the tracer’s activity — and the patient’s
radiation dose — falls away quickly once the scan is complete. (B).
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Bai tap luyén tap

The table below shows how the (background-corrected) activity of a radioactive sample
changes with time.

Time (min) 0 10 20
Activity (Bg) 640 320 160

Use the data in the table to find the half-life of the sample.

Loi giai chi tiet

From ¢ = 0 to ¢ = 10 min, activity falls from 640 to 320 Bq — a factor of 2, so 10 minutes
corresponds to 1 half-life. (Check: from ¢ = 10 to ¢t = 20 min, activity falls from 320 to 160 Bq
— again a factor of 2 over the same 10 minutes, confirming a consistent half-life.)

tip = '

Bai tap luyén tap

(Supplement) Potassium-40, ‘ng, found naturally in rocks, soil and the human body, under-
goes beta decay. Write the balanced nuclear equation for this decay, identifying the daughter
nuclide (proton number 20 is calcium, Ca).

Lai giai chi tiét

Beta decay: A unchanged = 40; Z — 19+ 1 = 20.

40 40 0
oK = [5Ca| + e

Check: 40 =40 v'; 19=20+(—1) =19 .

Bai tap luyén tap

A company wants to develop a new radioactive tracer for imaging blood flow in hospital pa-
tients using an external gamma camera. A detector placed near a candidate source reads
280 counts/min; with the source removed, background alone reads 24 counts/min. The source
has a half-life of 12 minutes.

(a) Find the corrected (source-only) count rate.

(b) Find the total reading the detector would show after 36 minutes (assume background stays
constant).

(c) Based on its half-life and the reasoning used for medical tracers, explain briefly whether
this source’s half-life is suitable for a same-day hospital imaging procedure.

Lai giai chi tiét

(a) Corrected count rate = 280 — 24 = ‘ 256 counts/min ‘

12
32 counts/min. Total reading = 32 + 24 = ‘ 56 counts/min ‘

(c) A half-life of only 12 minutes is far too short to be realistic for a hospital tracer: the activity
would fall to a small fraction of its starting value within the time needed simply to prepare,

. . . 1\? 2
b) n = 36 = 3 half-lives. Corrected activity after 36 min = 256 x <2> = 256 =
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inject and begin imaging the patient, leaving too little activity for a useful scan. A practical
tracer (such as technetium-99m, half-life about 6 hours) needs a half-life long enough to sur-
vive preparation, administration and the full scan, while still being short enough to decay away
and minimise the patient’s dose soon afterwards.

Bai tap luyén tap

A hospital needs to choose a suitable radioactive source for three different tasks: (i) a tracer
for imaging kidney function, tracked with an external detectors; (ii) sterilising packaged surgical
instruments without opening the packaging; (iii) a source to calibrate a detector reliably over
several years without needing frequent replacement. For each task, state whether alpha, beta
or gamma radiation is required, and whether a short or long half-life is more appropriate, giving
a reason in each case.

Lai giai chi tiét

(i) Gamma, short half-life — gamma escapes the body to reach an external detector, while alpha
or beta would be absorbed internally with no diagnostic benefit; a short half-life minimises the
patient’s radiation dose once the scan is complete.

(ii) Gamma — it penetrates sealed packaging to sterilise the entire contents without the item
needing to be opened; alpha or beta would be stopped at or near the surface of the packaging.
(iii) A long half-life — this ensures the source’s activity does not noticeably decline over the
years it is used, keeping calibration readings consistent over time (the specific type of radiation
matters less here than the requirement for a stable, long-lasting activity).

Bai tap luyén tap

A decay graph shows that a sample’s activity falls from 500Bg at t = 0 to 125Bq at ¢t = 18
minutes. What is the half-life of the sample?

(A) 6.0 minutes (C) 18 minutes
(B) 9.0 minutes (D) 4.5 minutes
Loi giai chi tiét

500

. . . 18 .
5 4 = 22,50 n = 2 half-lives elapse in 18 minutes. ¢, , = 5 9.0 minutes. (B).

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 159



CAMBRIDGE IGCSE « Unit 6
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Muc tiéu Unit: M3t Troi va Hé Mat Trai (nhiét hach, cac hanh tinh trong/ngoai, vanh dai ti€u hanh tinh,
sao chdi, mat tring); luwc hap dan gilr cac thién thé trén quy dao, méi quan hé gitra ban kinh - chu ky
- tdc d6 quy dao (Supplement: cong thirc v = 27r/T); vé tinh nhan tao (quy dao dia tinh va quy dao
cuc/thap); (Supplement) vong d&i clia cac ngdi sao, phan loai sao theo do sang & nhiét d6/mau sic;
thién ha, nAm anh sang, dich chuyén do, dinh luat Hubble va thuyét Big Bang.

6.1 The Sun and the Solar System

6.1.1 The Sun: a Star Powered by Nuclear Fusion

The Sun is an ordinary star: a huge ball of extremely hot gas (mostly hydrogen, with some helium)
that generates its own light and heat, unlike a planet or moon, which merely reflects light from a star.
The Sun is by far the largest and most massive object in the Solar System, and its gravitational pull
is what holds every planet, dwarf planet, asteroid, comet and moon in orbit around it.

B Nuclear fusion in the Sun’s core

Deep in the Sun’s core, the temperature and pressure are so extreme that hydrogen nuclei
are forced together and fuse to form helium nuclei. This process, nuclear fusion, releases an
enormous amount of energy (a small amount of mass is converted directly into a very large
amount of energy). This energy is what makes the Sun hot and luminous, radiating light and
heat outward through space, including the small fraction that reaches Earth and drives our
weather, seasons, and the vast majority of life-supporting energy on our planet. The Sun has
been fusing hydrogen into helium for about 4.6 billion years and has enough hydrogen fuel to
continue doing so, essentially unchanged, for several billion years more.

GIAI THICH TIENG VIET

at Troi 1a mot ngdi sao binh thuong - mot khéi khi cuc ndng tu phat ra anh sang, khac vaéi
hanh tinh hay mat trang chi phan chiéu anh sang. Trong |6i Mat Trdi, cac hat nhan hydro bi ép
lai v&i nhau trong diéu kién nhiét do va ap suat cuc cao, xay ra phan (rng nhiét hach (nuclear
fusion): hydro hgp nhat thanh heli, gidi phong nang luong khéng 16 khi€n M3t Trdi néng va
sang. Qua trinh nay da dién ra khoang 4,6 ti nam va con tiép dién thém vai ti nam nira.

Key facts about the Sun: surface temperature ~ 5500°C; core temperature ~ 15 million °C
(needed to sustain hydrogen fusion); diameter about 109 times Earth’s diameter, and volume
enough to fit over a million Earths inside it. The Sun alone makes up about 99.8% of all the
mass in the entire Solar System - which is exactly why its gravity dominates the motion of
every planet, dwarf planet, asteroid, comet and moon within it.
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ll The eventual future of the Sun

Applying the star life-cycle stages described later in this chapter to our own Sun: in roughly
5 billion years, once the hydrogen fuel in the Sun’s core becomes depleted, the Sun will leave
the main sequence and swell into a red giant - large enough that it will engulf Mercury and
Venus, and possibly reach as far as Earth’s present orbit. Eventually its outer layers will drift
away into space as a planetary nebula, leaving behind an Earth-sized, extremely dense core: a
white dwarf, which will then cool and dim for a very long time. Because the Sun is a medium-
mass star, it will never become massive enough to undergo a supernova, and will never form
a neutron star or black hole.

6.1.2 The Structure of the Sun (Supplement)

Although the Sun appears from Earth as a single glowing disc, it is actually organised into several
distinct internal layers, each playing a different role in carrying the energy released by nuclear fusion
outward from the core into space.

From core to corona: the Sun’s internal layers

e Core: the innermost region, where the temperature (~ 15 million °C) and pressure are
extreme enough to sustain the hydrogen fusion described earlier in this chapter. Essentially
all of the Sun’s energy originates here.

e Radiative zone: surrounding the core, energy travels outward mainly as radiation. The
material here is so dense that radiation is repeatedly absorbed and re-emitted in random
directions, so it can take many thousands of years to work its way through this zone, even
though radiation itself always travels at the speed of light.

e Convective zone: closer to the surface, where the gas is cooler and less dense, energy is
instead carried the rest of the way outward mainly by convection: hot plasma physically
rises toward the surface in large circulating currents, cools, and sinks back down again.

e Photosphere: the visible “surface” of the Sun, and the layer from which almost all of the
light and heat detected on Earth is actually emitted. It is not a solid surface - it is simply
the layer of gas thin enough for light generated deeper inside to finally escape freely into
space.

e Corona and solar wind: beyond the photosphere lies the Sun’s faint, extremely hot outer
atmosphere, the corona, ordinarily visible from Earth only during a total solar eclipse. The
corona continuously releases a stream of charged particles into space, called the solar wind,
which travels throughout the Solar System (and is one cause of the auroras seen near Earth’s
poles, where it interacts with Earth’s magnetic field).

Every layer beyond the core exists only because of the continuous energy supplied by fusion
in the core: without that energy source, the Sun could not maintain the outward pressure
needed to balance its own gravity, and it would instead collapse.
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Convective zone

Radiative zone

Photosphere (visible surface)

Corona (outer atmosphere)

(Supplement) Simplified cross-section of the Sun’s internal structure (schematic, not to scale): fusion energy generated

in the core travels outward through the radiative zone (as radiation) and the convective zone (as circulating hot plasma),

before being emitted into space from the visible photosphere; the corona is the Sun's much fainter, extremely hot outer
atmosphere.

GIAI THICH TIENG VIET

at Trai gobm nhiéu |&p: 16i (core) |a noi xay ra phan (ng nhiét hach hydro thanh heli & nhiét do
va ap suat cuc cao; vung bire xa (radiative zone) truyén ning luong ra ngoai chui yéu bang birc
xa nhuwng rat cham vi bi hap thu va phat lai lién tuc; ving déi luu (convective zone) truyén nang
lugng bang dong déi lvu cua plasma néng dang Ién rdi ha xudng; quang cau (photosphere) 13
“bé mat” nhin thay dugc, noi phat ra hau hét anh sang va nhiét ta quan sat trén Trai Dat; va
nhat hoa (corona) 13 khi quyén ngoai ciing, cuc nong nhung rat loang, chi thay ré khi nhat thuc
toan phan, lién tuc phat ra gié Mat Trai. Moi I&p bén ngoai 16i ton tai dugc déu nho nang
lugng lién tuc sinh ra tir phan rng nhiét hach trong 16i.

6.1.3 Structure of the Solar System

The Solar System is the Sun together with everything held in orbit around it by gravity. Moving
outward from the Sun:

e Four inner, rocky (terrestrial) planets: Mercury, Venus, Earth, Mars - small, dense, solid-surfaced
worlds close to the Sun.

e The asteroid belt: a region between the orbits of Mars and Jupiter containing millions of small
rocky bodies (asteroids) too small and too numerous to have combined into a single planet.

e Four outer, gas/ice giant planets: Jupiter, Saturn, Uranus, Neptune - much larger, lower-density
worlds made mostly of gas (Jupiter, Saturn) or icy/rocky material beneath a thick gas envelope
(Uranus, Neptune), each with prominent ring systems and many moons.

e Dwarf planets, such as Pluto (orbiting beyond Neptune) - objects that orbit the Sun and are
roughly spherical, but have not cleared other debris from their orbital path, so are not classed as
full planets.

e Comets: lumps of ice, dust and rock on highly elongated (elliptical) orbits that can carry them from
close to the Sun out to the far edges of the Solar System and back. As a comet approaches the
Sun, heat vaporises some of its ice, releasing gas and dust that form a glowing tail, which always
points away from the Sun (pushed outward by the solar wind and radiation pressure) regardless
of the comet’s direction of travel.

e Moons (natural satellites): bodies that orbit a planet rather than the Sun directly, held in orbit
by the gravitational attraction of that planet. Mercury and Venus have none; Earth has one (the
Moon); Mars has two small moons; the giant planets each have dozens.
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comet (tail points
away from Sun)

el
oo o—

Uranus Neptune

“—0—0 L 4 > ‘
Mercury Venus  Earth  Mars Asteroid belt

Jupiter Saturn

Sun

The Solar System in order outward from the Sun (schematic, not to scale): four small rocky inner planets, the asteroid
belt, then four much larger gas/ice giant outer planets; a comet on a highly elliptical orbit is shown developing a tail as it

nears the Sun.

Property Terrestrial (inner) planets  Gas/ice giant (outer) plan-
ets
Composition Rock and metal; solid sur- Mostly hydrogen/helium
face gas (Jupiter, Saturn), or
icy/rocky material un-
der a thick gas envelope
(Uranus, Neptune), around
a small core
Density High (~ 4000-5500 kg/m3) Low (~ 700-1700 kg/m?3)
Size Small diameter (~ 5000- Large diameter (~ 51000-
13000 km) 143000 km)
Moons Few or none (Mercury, Many (dozens each)
Venus: O; Earth: 1; Mars:
2)
Rings None All four have ring systems
Distance  from Close (within the asteroid Far (beyond the asteroid
Sun belt) belt)

Terrestrial planets are small, dense and rocky with solid surfaces; gas/ice giants are large, low-density, and made mostly
of gas or ice around a small core.

(Supplement) Exoplanets: planets are not unique to our Solar System - thousands of exoplan-
ets (planets orbiting stars other than the Sun) have now been detected, often too faint to be
seen directly, but revealed indirectly through their gravitational effect on their host star (a very
slight, regular “wobble” in the star’s position or velocity) or through the tiny, regular dip in a
star's brightness as a planet passes in front of it. The existence of exoplanets confirms that
the same gravitational principles that hold our own Solar System together - and the same rela-
tionship between orbital radius, period and speed - apply throughout the universe, wherever
a planet orbits a star.

. GIAI THICH TIENG VIET

Hé M3t Troi gom Mat Troi va moi thién thé quay quanh né nh& luc hap dan: 4 hanh tinh da
nho gan Mat Troi (Sao Thuy, Sao Kim, Trai Dat, Sao Hoa), vanh dai ti€u hanh tinh, rdi 4 hanh
tinh khi/bang khong 16 (Sao Mdc, Sao Thé, Sao Thién Vuong, Sao Hai Vuong), cadc hanh tinh
lun (nhu Sao Diém Vuong), sao chéi (quy dao elip rat det, dudi ludn hudng ra xa Mat Troi), va
cac mat tring (vé tinh tw nhién) quay quanh hanh tinh. Hanh tinh da dac, nhd, cé bé mait ran;
hanh tinh khi khéng [6 c6 kich thuéc 1é6n nhung mat dd thap, cha yéu 1a khi. Trong khoang 5
ti n3m nira, M3t Troi sé trd thanh sao khéng 16 dd (c6 thé nuét chirng Sao Thuy, Sao Kim) roi
thanh sao lun trang - vi 13 sao khéi lwong trung binh nén sé khéng bao gi& né siéu tan tinh.
Cac ngoai hanh tinh (exoplanet) quay quanh nhitng ngdi sao khac ciing tuan theo cung quy
luat hap dan va méi quan hé ban kinh-chu ky-téc dé nhu trong Hé Mat Trdi clia ching ta.
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A closer look at moons and small bodies: several moons are worlds of scientific interest in their
own right. lo (a moon of Jupiter) is the most volcanically active body in the Solar System, heated
internally by the constantly changing gravitational pull of Jupiter and neighbouring moons (tidal
heating). Europa (also a moon of Jupiter) is thought to hide a liquid-water ocean beneath its icy
surface, making it a prime target in the search for life beyond Earth. Titan (a moon of Saturn)
has a thick atmosphere and lakes of liquid methane on its surface. Saturn’s rings are made of
countless small chunks of ice and rock, all independently orbiting Saturn together as a flat disc.
Beyond Neptune lies the Kuiper Belt, a disc of icy bodies (including Pluto) that supplies many of
the comets seen from Earth; far beyond that, the roughly spherical Oort Cloud is thought to be
the source of comets on extremely long, wide orbits, taking thousands of years to return. Pluto
was reclassified from a “planet” to a dwarf planet by the International Astronomical Union in
2006, because although it orbits the Sun and is roughly spherical, it has not gravitationally
cleared its orbital neighbourhood of other similarly sized bodies - one of three criteria now
required for full planet status. Uranus is also unusual: its axis of rotation is tilted by about 98°,
so it essentially rotates “on its side” compared with the other planets - most likely the result
of an ancient, giant collision early in the Solar System'’s history.

. GIAI THICH TIENG VIET

M6t s& mat tring dang chu y: lo (mat tring Sao Mdc) |a thién thé ndi Itra hoat ddng manh nhat
Hé M3t Troi do luc hap dan thay di lién tuc tir Sao Méc va cadc mat trang 1an can (nung néng
thuy triéu); Europa dugc cho 13 cé dai duong nudce 1ong dudi I6p bang bé mat; Titan (mat trang
Sao Thd) co khi quyén day va hé khi mé-tan léng. Vanh dai Sao Thé gdbm vé sé manh bang da
nho. Ngoai quy dao Sao Hai Vuong 1a Vanh dai Kuiper (nguén géc nhiéu sao chéi) va xa hon
nira |a Dam may Oort. Sao Diém Vuong bi xép lai thanh hanh tinh lun n3m 2006 vi chua “don
sach” quy dao ctia n6 khoi cac thién thé khac cung kich cé.

6.1.4 Natural Satellites: The Moon

The Moon is Earth’s only natural satellite, held in orbit by Earth’s gravitational pull acting as a cen-
tripetal force - the same principle described throughout this chapter for any orbiting body. Mea-
sured relative to the distant stars, the Moon completes one full orbit of Earth (its sidereal orbital
period) in about 27.3 days.

Property of the Moon Approximate value

Diameter 3.47 x 10% m (~ 3474 km; about a quarter of Earth’s diameter)
Mean distance from Earth  3.84 x 108 m (~ 384000 km)

Orbital period (sidereal) ~ 27.3 days (~ 2.36 x 10%s)

Mean orbital speed ~ 1.0km/s

Basic orbital and physical data for the Moon, Earth’s only natural satellite.

The Moon and ocean tides: the Moon'’s gravitational pull on Earth is not perfectly uniform - it
is slightly stronger on the side of Earth facing the Moon than on the far side. This difference in
pull stretches Earth’s oceans very slightly, producing two tidal bulges of water roughly aligned
with the Earth-Moon line. As Earth rotates underneath these bulges once approximately every
24 hours, most coastal locations pass through both bulges, experiencing two high tides (and two
low tides) per day. The Sun'’s gravity contributes to this effect too, though less strongly than
the Moon'’s (despite the Sun’s far greater mass, its much greater distance makes the difference
in its pull across the Earth much smaller than the Moon’s): when the Sun and Moon line up (at
new moon and full moon) their combined pull produces unusually large “spring” tides, while at
other points in the Moon’s orbit their effects partly cancel, producing smaller “neap” tides.
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(1) L6i thueng gip: The Moon’s regularly changing appearance from Earth - from new moon,
through crescent, quarter and gibbous phases, to full moon and back again - is caused simply
by the changing relative positions of the Moon, Earth and Sun as the Moon orbits Earth, which
changes how much of the Moon’s permanently sunlit half is visible from Earth at any given
time. This is entirely different from a lunar eclipse, in which Earth passes directly between the
Sun and the Moon so that Earth’s shadow falls on the Moon - a much rarer event that only
occurs on the relatively few occasions when the Sun, Earth and Moon become closely aligned,
not every month.

GIAI THICH TIENG VIET

M3t Trang |3 vé tinh tu nhién duy nhat cta Trai Dat, duoc gilr trén quy dao nhd luc hap dan
cua Trai Dat dong vai tro luc hudng tdm. Chu ky quy dao (so vdi cac ngdi sao & xa) khoang
27,3 ngay. Luc hap dan ctiia Mat Trang tac dung khéng déu |én Trai Dat (manh hon & phia gan,
y&u hon & phia xa) tao ra hai ché phinh nuéc dai duong, va khi Trai Dat tu quay quanh truc
(khoang 24 gi®), hau hét cac vung ven bién sé di qua ca hai chd phinh ndy, tao ra hai [an thay
triéu cao va hai [an thay triéu thap méi ngay. Mat Tr&i cling gép phan (yéu hon Mat Tring); khi
M3t Troi va Mat Trang thang hang (tring non/tring tron) sé cé thay triéu cudng (spring tide)
I&n hon binh thuong. Luu y: cic pha ctia Mat Trang la do vi tri twong d6i gitra Mat Trang-Trai
Dat-Mat Trai thay doi, khéng phai do bong cua Trai Dat - dé 1a hién tuong nguyét thuc (lunar
eclipse), hiém gdp hon nhiéu.

6.1.5 Escape of Gravity’s Grip: Why Some Planets Keep an Atmosphere and Others Don't (Supple-
ment, qualitative)

Whether a planet or moon can hold on to a gas atmosphere over billions of years depends on a
competition between two factors: how strongly its gravity pulls on gas particles at its surface (which
depends mainly on its mass - a more massive body produces a stronger surface gravitational field,
and so requires a gas particle to reach a higher speed, called the escape speed, before it can escape
into space), and how fast its gas particles are actually moving (which depends on temperature -
hotter gas particles move faster, on average, and lighter gas particles such as hydrogen and helium
naturally move fastest of all at any given temperature). A body can only retain a gas over long
timescales if the typical speed of that gas’s particles stays well below the body’s escape speed. The
Moon has only about 1/80 of Earth’s mass, giving it weak surface gravity and a low escape speed;
even without being especially hot, this low escape speed has allowed almost all of its original gas to
leak away into space over billions of years, leaving the Moon with essentially no atmosphere today.
Earth, being far more massive, has a much higher escape speed and so can retain even relatively
light gases such as nitrogen and oxygen. Venus, of broadly similar mass and size to Earth, is much
hotter at its surface, yet its high escape speed (from its Earth-like mass) is still more than enough
to retain an extremely thick atmosphere. Mercury, by contrast, combines both a small mass (low
escape speed) and high daytime surface temperatures, and so retains essentially no atmosphere at
all.

. GIAI THICH TIENG VIET

Viéc mét hanh tinh/mat trang cé gilr duoc khi quyén hay khéng phu thudc vao ca hai yéu
t6: lwc hap dan bé mat (phu thudc khéi lwong - khéi lugng cang 16n thi téc do thoat (escape
speed) can thiét dé hat khi thoat ra ngoai khong gian cang cao), va nhiét dé (nhiét dé cang cao
thi hat khi chuyén ddng cang nhanh, dic biét cac khi nhe nhu hydro, heli). Mat Trang c6 khéi
lugng chi bang khoang 1/80 Trai DAt nén luc hap dan yéu, téc dd thoat thap, khién gan nhu
toan b6 khi da thoat ra ngoai khéng gian di Mat Trang khéng qué néng. Trai Dat c6 khéi lwong
|6n hon nhiéu nén gilr duwoc khi quyén; Sao Kim (khéi lwong gan bang Trai Dat) van gilr duoc
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khi quyén rat day du rat ndng; con Sao Thay vira nhé (hap dan yéu) vira rat néng nén gan nhu
khéng cé khi quyén.

6.2 Gravity, Orbits and Orbital Speed

Gravity is the force that keeps every planet in orbit around the Sun, every moon in orbit around
its planet, and every artificial satellite in orbit around Earth. In a stable orbit, the gravitational
pull acts as a centripetal force: it constantly acts toward the centre of the orbit, continuously
changing the direction of the orbiting body’s velocity (keeping it moving in a curved path) with-
out ever needing to change its speed or do net work on it - this is why an orbiting body does
not need an engine running to “keep it moving”.

(1) L6i thwong gap: Gravity provides the centripetal force that keeps a satellite (or planet, or
moon) on its curved path - it does not “run out” or get used up over time, and a stable orbit
does not require any engine thrust to be maintained. Many students incorrectly think satellites
need constant propulsion to stay up; in reality, once in a stable orbit with the right speed,
gravity alone maintains the orbit indefinitely (real satellites eventually need small corrections
only because of tiny disturbances like atmospheric drag at very low altitudes, not because
gravity itself weakens with time).

Gravitational field strength decreases as distance from the attracting body increases: the closer
you are to the Sun (or to a planet), the stronger the gravitational pull you feel; the farther away, the
weaker the pull. (At IGCSE you are not required to use an inverse-square-law formula for this - only
the qualitative trend that greater distance means weaker gravitational field strength needs to be
understood and applied.)

Orbital radius, period and speed: because the Sun'’s gravitational pull is weaker at greater dis-
tances, a planet farther from the Sun needs a lower orbital speed to stay in a stable orbit - and
it also has a much longer path to travel around the Sun. Both effects act in the same direc-
tion, so: the larger the orbital radius, the longer the orbital period, and the slower the orbital
speed. Mercury, the closest planet to the Sun, completes an orbit in only about 88 days, mov-
ing very fast; Neptune, the most distant major planet, takes about 165 years to complete one
orbit, moving far more slowly. The same radius-period-speed relationship applies to moons
orbiting planets and to artificial satellites orbiting Earth.

(1) L6i thuong gip: A very common confusion is getting the direction of the radius-period-
speed relationship backwards, or assuming only one of period or speed changes with radius.
In fact both change together in a consistent pattern: a smaller orbital radius always goes with
a shorter period and a faster orbital speed (e.g. a low-Earth-orbit satellite, only a few hundred
km up, orbits in about 90 minutes at roughly 7.7 km/s); a larger orbital radius always goes with
a longer period and a slower speed (e.g. Neptune, 30 times farther from the Sun than Earth,
takes 165 years to orbit at only about 5.4 km/s). Do not assume that being closer means “less
distance to travel so it must be slower” - the opposite is true, because the stronger nearby
gravity demands a faster speed to maintain a stable circular path.
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(Supplement) For a body moving at constant speed around a circular orbit of radius » with

orbital period T, the orbital speed is

2r
V= —

T
(the circumference of the orbit, 277, divided by the time taken to complete one full orbit).

Vidu 1 - Earth’s orbital speed around the Sun

(Supplement) Earth orbits the Sun at a mean radius » = 1.5 x 10'! m, completing one orbit in
T = 3.15 x 107 s (one year). Find Earth’s orbital speed.

27 2m(1.5 x 10M)  9.42 x 10"
T~ 315x107  3.15 x 107

~ 2.99 x 10*m/s ~ 30km/s.

v =

Vi du 2 - Mercury’s orbital speed

(Supplement) Mercury orbits the Sun at a mean radius » = 5.8 x 10 m, with a period T" = 88
days. Find Mercury's orbital speed, in m/s.

First convert T to seconds: 7' = 88 x 24 x 3600 = 7.6 x 10%s (to 2 s.f.).

2mr 2m(5.8 x 1010)  3.64 x 10!
= = = ~ 4.8 x 104 ~ 48km/s.
V=T 7.6 x 100 7.6 x 100 x 107 m/s m/s

Mercury - much closer to the Sun and with a much shorter period than Earth - orbits notice-
ably faster than Earth, exactly as the radius-period-speed relationship predicts.

Vi du 3 - Neptune’s orbital speed

(Supplement) Neptune orbits the Sun at a mean radius r = 4.5 x 10'? m, with a period T' = 165
years. Find Neptune’s orbital speed, in m/s.
Convert T to seconds (using 1 year ~ 3.15 x 107 s): T = 165 x 3.15 x 107 ~ 5.2 x 10?s.
2 2m(4. 1012 2. 1013
25X 107) 283X 107 o 103 m/s ~ 5.4km)s,

YT T T hax10° . 52 x 109 , ) , ,
Neptune - 30 times farther from the Sun than Earth, with a period 165 times longer - orbits
far more slowly than Earth or Mercury, again consistent with the radius-period-speed rela-
tionship.

Planet Mean orbital radius Orbital period
Mercury 0.39 AU 88 days (~ 0.24 yr)
Venus 0.72 AU 225 days (=~ 0.62 yr)
Earth 1.00 AU 365 days (1.0 yr)
Mars 1.52 AU 687 days (~ 1.9 yr)
Jupiter 52 AU 11.9 yr
Saturn 9.5 AU 29.5yr
Uranus 19.2 AU 84 yr
Neptune 30.1 AU 165 yr

Orbital radius (in astronomical units, AU, where 1 AU ~ 1.5 x 10! m is the mean Earth-Sun distance) and orbital period

for the eight planets. As radius increases, period increases far more than the radius alone would suggest - a
consequence of orbital speed also decreasing with radius.
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Planet Type Known moons (approx.) Notable feature

Mercury Terrestrial 0 Smallest planet; huge day-
night temperature swing

Venus Terrestrial 0 Thick CO, atmosphere;
hottest planet surface

Earth Terrestrial 1 Only known planet with life

Mars Terrestrial 2 Largest volcano and canyon
in the Solar System

Jupiter Gas giant 90+ Largest planet; Great Red
Spot storm

Saturn Gas giant 140+ Most extensive, visible ring
system

Uranus Ice giant 25+ Axis tilted ~ 98° (rotates
“on its side”)

Neptune Ice giant 14+ Strongest winds measured

of any planet

Quick-reference facts for the eight planets (moon counts are approximate and continue to be revised as more small
moons are discovered).

Vi du 4 - Comparing orbital period and speed at two radii

A newly discovered planet, Planet X, orbits the same star as Earth-like Planet Y, at a much
greater orbital radius than Planet Y. State, with reasoning, how Planet X’s orbital period and
orbital speed compare with Planet Y's.

Since Planet X is farther from the star, the star’s gravitational pull on it is weaker, so Planet X
needs a lower orbital speed to remain in a stable orbit. Planet X also has a much longer path
(larger circumference) to travel around the star. Both effects combine, so Planet X has a longer
orbital period than Planet Y, and a slower orbital speed than Planet Y - the same pattern seen
between, for example, Mercury and Neptune in our own Solar System.

- GIAI THICH TIENG VIET
Luc hap dan déng vai tro luc huéng tam gilr hanh tinh/mat tring/vé tinh trén quy dao, luén
huéng vao tam quy dao va khong hé “can kiét” theo thoi gian. D& manh trudng hap dan giam
khi khoang cach tang (chi can hi€u xu hudng dinh tinh). Ban kinh quy dao cang Ién thi chu
ky quy dao cang dai va toc do quy dao cang cham - vi du Sao Thuy (gan Mat Troi) quay hét
88 ngay, trong khi Sao Hai Vuong (xa Mat Troi) mat tdi 165 ndm. Cong thic (Supplement)
v = 277 /T tinh t&c do quy dao tir chu vi quy dao 27r chia cho chu ky T

Why astronauts appear weightless in orbit

A common misconception is that astronauts aboard the International Space Station (ISS) are
weightless because there is no gravity at that altitude. This is not true: at the I1SS’s altitude
(only a few hundred km above Earth’s surface - tiny compared with Earth’s radius of about
6400 km), Earth’s gravitational field strength is only slightly less than at the surface, so the
astronauts still have almost their full weight acting on them. The real reason they appear
weightless is that the ISS - and everything inside it, including the astronauts - is continuously
falling freely toward Earth under gravity, while also moving forward fast enough that the curve
of its fall matches the curvature of the Earth below. This is exactly what an orbit is. Because
the astronaut and the spacecraft are falling at the same rate, there is no contact (normal) force

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 168



8020 Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

ENGLISH

between the astronaut and the floor - and it is precisely that contact force we perceive as
“weight” in everyday life. Hence the sensation of weightlessness, even though gravity itself
has certainly not disappeared.

Vidu 5 - A comet’s changing orbital speed

A comet follows a highly elliptical orbit around the Sun, rather than a circular one. State, with
reasoning, at which point in its orbit the comet moves fastest, and at which point it moves
slowest.

The comet moves fastest at its closest approach to the Sun (called perihelion), where the Sun’s
gravitational pull on it is strongest. It moves slowest at its farthest point from the Sun (called
aphelion), where the pull is weakest. This is the same radius-speed relationship seen for plan-
etsin circular orbits, applied instead to a single body whose distance from the Sun continuously
changes as it travels around one elliptical orbit.

- GIAI THICH TIENG VIET

Phi hanh gia trén Tram VG tru Qudc té (ISS) khéng phai & trang thai khéng trong luc vi hét luc
hap dan - & do cao doé, trudng hap dan cua Trai Dat chi yéu di mot chat so véi mat dat. Cam
giac “khéng trong lwong” thuc ra la do phi hanh gia va tram vi tru dang roi tu do ciing téc d6
quanh Trai Dat (day chinh 13 ban chat cia quy dao), nén khong cé luc tiép xuc gitra nguoi va
san tau - chinh luc ti€p xtic dé madi tao ra cam giac “trong lwong” hang ngay. Vé&i sao chéi trén
quy dao elip, tdc dd nhanh nhat khi & gan Mat Troi nhat (perihelion) va cham nhat khi & xa Mt
Tr&i nhat (aphelion), do luc hap dan manh/yéu tuong (ng.

6.3 Artificial Satellites

An artificial satellite is any human-made object placed into orbit, typically around Earth. Like natural
satellites (moons), artificial satellites are held in orbit purely by gravity acting as a centripetal force;
different applications call for very different orbits.

Geostationary orbit: a satellite in geostationary orbit has an orbital period of exactly 24 hours
and orbits directly above the equator, in the same direction as Earth’s rotation. Because its
period exactly matches Earth’s rotation period, the satellite appears to stay fixed above the
same point on Earth’s surface at all times, as seen from the ground. This makes geostationary
orbits ideal for communications satellites (a satellite dish on the ground can point at a single
fixed spot in the sky) and for weather satellites monitoring the same region of Earth continu-
ously. Geostationary orbits require a large orbital radius (about 4.2 x 107 m from Earth’s centre,
roughly 36000 km above the surface).

(1) Loi thueng gap: A satellite is not geostationary just because it is “high up” - geostation-
ary status requires both an orbital period of exactly 24 hours and an orbit directly above the
equator. A satellite at the right altitude but tilted at an angle to the equator, or at the wrong
altitude even if above the equator, will not stay above a fixed point on Earth’s surface. The
24-hour period is fixed by the specific orbital radius that geostationary orbits require - you
cannot simply choose any high orbit and call it geostationary.
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Low-Earth orbit (LEO) / polar orbit: satellites much closer to Earth’s surface (a few hundred to
a few thousand km up) have a much shorter orbital period (often 90-100 minutes) because of
their smaller orbital radius. Many are placed in polar orbits, passing over (or near) the North
and South poles on each orbit; because Earth rotates underneath the satellite’s orbital plane, a
polar-orbiting satellite passes over a different strip of the Earth’s surface on each successive or-
bit, eventually scanning the entire globe over the course of a day. This makes low-Earth/polar
orbits ideal for Earth-imaging and environmental-monitoring satellites (e.g. mapping, recon-
naissance, tracking deforestation or ice cover) and for satellites like the International Space
Station.

Geostationary orbit
T = 24 h, above equator,
fixed above one point

olar / low-Earth orbit™-

muchsherterF;5cans
whole globe over time

A geostationary orbit (large radius, T' = 24 h, directly above the equator) keeps a satellite fixed over one point on Earth.
A polar/low-Earth orbit (small radius, short period) passes over different strips of the globe on successive orbits.

Feature Geostationary orbit Low-Earth / polar orbit
Orbital radius Very large (~ 4.2 x 10"m Small (a few hundred to a
from Earth’s centre) few thousand km altitude)
Orbital period Exactly 24 hours Short (often 90-100 min-
utes)

Position relative to Fixed above one point Sweepsover adifferent strip
ground (above the equator) of Earth each orbit

Typical uses Communications, broadcast Earth imaging, environmen-

television, weather moni- tal monitoring, the ISS
toring of one region

Comparing the two main categories of Earth-orbiting satellite discussed in this section.

Vi du 6 - Orbital speed of a geostationary satellite

(Supplement) A geostationary satellite orbits at radius » = 4.2 x 10” m with period T' = 24
hours. Find its orbital speed.

T = 24 x 3600(: 8640075). .
omr  2m(4.2 x 107)  2.64 x 10
20 = ~3.1x103m/s ~ 3.1km/s.
=1 86400 sea00 31> 10°m/s ~ 3.1km/

Vi du 7 - Orbital speed of a low-Earth-orbit satellite

(Supplement) A satellite in low-Earth orbit has radius » = 7.0 x 10 m and period T = 5.8 x 103 s
(about 97 minutes). Find its orbital speed.
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2mr  27m(7.0 x 105)  4.40 x 107 3
=" = B = ERx10° ~ 7.6 x 10°m/s ~ 7.6km/s.

5.8 x 1 .
Notice this is much faster than the geostationary satellite in the previous example - consistent
with its much smaller orbital radius.

Vi du 8 - Choosing the right satellite orbit

A television broadcasting company wants a satellite that a household satellite dish can point
at permanently, without needing to track its motion across the sky. State which type of orbit
is suitable, and explain why.

A geostationary orbit is suitable. Because a geostationary satellite has a 24-hour period and
orbits directly above the equator (matching Earth’s own rotation), it remains above the same
point on Earth’s surface at all times - so a satellite dish can be fixed permanently in one di-
rection without needing to track the satellite’s motion across the sky, unlike a low-Earth-orbit
satellite, which would rise and set within minutes.

A third category: navigation satellites. Global positioning systems (such as GPS) use a whole
constellation of satellites (typically around 24-32) in medium-Earth orbit - higher than a typical
low-Earth orbit but much lower than geostationary orbit, with a period of about 12 hours. Using
many satellites spread around several orbital planes ensures that a receiver on the ground
can always detect signals from several satellites simultaneously, however the constellation is
arranged, allowing its position to be calculated precisely by comparing the timing of signals
from each visible satellite. Orbital decay: satellites in very low orbits experience a small amount
of drag from the thin outer atmosphere, which very gradually removes energy from the orbit
and causes the orbital radius to slowly shrink over months or years, eventually causing re-
entry unless the satellite periodically boosts itself back up - this is a separate effect from the
(constant, ever-present) centripetal role that gravity itself plays in maintaining the orbit.

GIAI THICH TIENG VIET

“% tinh dia tinh (geostationary) c6 chu ky ding 24 gi& va bay phia trén xich dao, nén luén &
c6 dinh trén mot diém caa Trai Dat - dung cho truyén hinh, vién théng, quan sat thoi tiét mot
vung lién tuc. Vé tinh quy dao thap/quy dao cuc (LEO/polar) bay gan Trai Dat hon nén chu ky
ngan hon nhiéu (khoang 90-100 phut), quét qua cac dai khac nhau cta Trai DAt sau mbi vong
- dung dé chup anh, gidm sat méi trudng, ban doé toan cau. Mot vé tinh chi duoc goi 1a dia
tinh khi thoa ca hai diéu kién: chu ky 24h VA nam phia trén xich dao. Hé théng dinh vi GPS
dung mét chum khoang 24-32 vé tinh & quy dao tdm trung (chu ky khodng 12 gi®) dé€ luén
¢6 tin hiéu tir nhiéu vé tinh cung lic. Vé tinh & quy dao rat thap co thé bi suy gidm quy dao
dan theo thoi gian do ma sat véi khi quyén mong con sét lai - day 13 hiéu (ng khac, khéng lién
quan dén viéc luc hap dan “can kiét”.

6.4 The Life Cycle of Stars (Supplement)

How a star is born, lives, and dies

A star begins life as a nebula - a vast cloud of gas (mostly hydrogen) and dust in space. Gravity
pulls the material in the nebula together; as it collapses, it heats up and forms a protostar.
Once the core becomes hot and dense enough for hydrogen nuclei to fuse into helium, the
protostar becomes a stable main-sequence star: a star in this long, stable phase generates

Thay Twdng 0332747 169 - Cb6 Nancy 0983422 692 Cambridge IGCSE Physics - Trang 171



BENO.}SHO Chuyén luyén thi IELTS/SAT — AP /IB/ A-levels

enough outward pressure from fusion to balance the inward pull of its own gravity, so it neither
collapses further nor expands - our Sun is currently a main-sequence star, and has been for
about 4.6 billion years. What happens after the main-sequence phase depends on the star’s
mass:

e A star of low or medium mass (like the Sun): once the hydrogen fuel in its core runs low,
the core contracts and heats further while the outer layers expand and cool, and the star
becomes a red giant. Eventually the outer layers are gently blown off into space, forming a
glowing shell of gas called a planetary nebula, leaving behind a small, extremely dense, hot
core called a white dwarf, which then slowly cools over billions of years.

o A star of much greater mass: such a star swells into an even larger, more luminous red
supergiant. When its core fuel is exhausted, the core collapses catastrophically while the
outer layers are blasted outward in a massive explosion called a supernova - briefly outshin-
ing an entire galaxy. What remains of the core afterward depends on its mass: a neutron
star (an incredibly dense, small remnant made almost entirely of neutrons) for a moderately
massive remnant, or a black hole (a region of space where gravity is so strong that not even
light can escape) for the most massive remnants.

Nebula (gas
& dust cloud
collapses
under gravity)

Y

Protostar

\
Main-sequence
star (stable H
fusion) - the

Sun is here now

- .

Red giant Red supergiant ‘
(low/medium (high mass)
mass)
\
Y
Supernova
Planetary explosion
nebula ejected
\

Y

Neutron star
White dwarf or black hole

(Supplement) The life cycle of a star. Every star begins the same way (nebula — protostar — main sequence); the final
stages depend entirely on the star’s mass, splitting into a low/medium-mass path (left) and a high-mass path (right).

Vi du 9 - Predicting a star’s life-cycle path from its mass

(Supplement) A star has a mass about 20 times that of the Sun. Describe the sequence of
stages this star is expected to go through over its lifetime.

A star this massive follows the high-mass path: it forms from a nebula, becomes a protostar,
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and then a main-sequence star (fusing hydrogen, just as the Sun does now, but much more
rapidly given its far greater mass). Once its core fuel is exhausted it swells into a red supergiant,
then undergoes a catastrophic core collapse and supernova explosion. What remains of the
core afterward becomes either a neutron star or, since 20 solar masses is a very large initial
mass, quite possibly a black hole, depending on the exact mass of the collapsed remnant.

(Supplement) Mass and main-sequence lifetime: the more massive a main-sequence star is,
the hotter it burns and the faster it uses up its hydrogen fuel - so, counter-intuitively, the
most massive stars actually have the shortest main-sequence lifetimes (millions of years, rather
than billions), while lower-mass stars burn their fuel far more slowly and can remain on the
main sequence for tens of billions of years. Supernovae and the origin of heavy elements:
the extreme conditions inside a supernova explosion are hot and energetic enough to forge
elements heavier than iron (such as gold, silver, and uranium), which ordinary nuclear fusion
inside a star cannot produce. These heavy elements are scattered into space by the explosion
and can later be incorporated into new nebulae, new stars, new planets - and, ultimately, into
the chemical elements that make up living things.

GIAI THICH TIENG VIET

Moi ngbi sao déu bat dau giéng nhau: tinh van (nebula) co lai do hap dan — sao tién sao
(protostar) — sao day chinh (main sequence, khi phan (ng nhiét hach hydro én dinh - Mat
Troi hién dang & giai doan nay). Sau dé, con duong phu thudc khéi luong: sao khéi lvgng
thap/trung binh (nhu M3t Troi) — sao khéng 16 dé (red giant) — tinh van hanh tinh (planetary
nebula) — sao lun trang (white dwarf); sao khéi lwvong I&n hon nhiéu — sao siéu khéng 16 do
(red supergiant) — vu né siéu tan tinh (supernova) — sao neutron hoic 16 den (black hole). Sao
cang nang thi chdy cang nhanh, tuéi tho day chinh cang ngan (trai véi truc giac); cac nguyén
t& nang hon sat (nhu vang, uranium) chi duoc tao ra trong vu né siéu tan tinh, sau d6 phat tan
vao khéng gian dé€ hinh thanh cac ngbi sao, hanh tinh - va su séng - thé hé sau.

6.5 Classifying Stars: Brightness, Temperature and Colour (Supplement)

(Supplement) Stars can be compared and classified by their brightness (how much light they
emit, related to both their size and temperature) and their surface temperature, which is closely
linked to their colour: hotter stars appear more blue-white, while cooler stars appear more
red/orange. A very hot, young, massive star may appear blue-white; a cooler, older, lower-mass
star (or a red giant/supergiant, whose surface has cooled and expanded) appears distinctly red
or orange. Our Sun, a medium-temperature main-sequence star, appears yellow-white. This
means colour alone gives useful information about a star’s surface temperature, even without
any other measurement.
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(Supplement) Apparent brightness versus true luminosity: how bright a star looks to us from
Earth (its apparent brightness) depends on both how much light it actually emits (its true lu-
minosity) and how far away it is - a highly luminous star that is very far away can look fainter
than a much less luminous star that is nearby, so apparent brightness alone cannot be used to
judge a star’s true energy output without also knowing its distance. For example: Betelgeuse
is a red supergiant - enormous and highly luminous, but relatively cool, so it appears distinctly
reddish; Rigel is a blue-white supergiant - extremely hot and even more luminous than Betel-
geuse; Sirius, the brightest star in the night sky as seen from Earth, is a fairly ordinary hot white
main-sequence star that appears so bright mainly because it is one of the closest stars to us,
not because it is exceptionally luminous.

- GIAI THICH TIENG VIET

Cé thé phan loai sao dua trén do sang va nhiét dé bé mat, va nhiét dé lién hé chit ché véi mau
sac: sao cang néng thi cang c6 mau xanh-trang, sao cang ngudi thi cang cé mau dé/cam. Mat
Troi c6 nhiét do trung binh nén cé mau vang-trang. Chi can nhin mau ctia mét ngdi sao cling
c6 thé udc luong dugc nhiét dé bé mat cta né. Do sang biéu kién (nhin thay tir Trai Dat) phu
thudc vao ca do sang thuc (luminosity) 1an khodng cach - mot ngdi sao rat sang nhung & rat
xa c6 thé tréng md hon moét ngdi sao gan hon nhung kém sang hon. Vi du: Sao Thién Lang
(Sirius) sang nhat bau tréi dém chid y&u vi né & rat gan, khong han vi né cuc ky sang.

6.6 Galaxies and the Scale of the Universe

A galaxy is a vast collection of billions of stars (together with gas, dust, and the effects of dark
matter) held together by their mutual gravitational attraction. Our Sun is just one of more than
100 billion stars in our own galaxy, the Milky Way. Galaxies themselves are enormously far
apart, and galaxies are grouped into even larger structures (clusters and superclusters) through-
out the observable universe, which contains at least 100 billion galaxies.

Because distances in space are so vast, using metres (or even kilometres) quickly leads to un-
wieldy numbers. Astronomers instead commonly use the light-year (ly) - the distance that light
travels through empty space in one year - as a convenient unit of distance for comparing stellar and
galactic distances.

(1) L6i thuong gap: A light-year is a unit of distance, not a unit of time - despite containing
the word “year”. A statement like “Proxima Centauri is 4.2 light-years away” means light takes
4.2 years to travel from there to here; it tells you how far away the star is, not how long ago
something happened (although, since light takes time to travel, we do see that star as it was 4.2
years ago - but the light-year itself remains fundamentally a distance measurement, calculated
from a speed multiplied by a time).

Vi du 10 - Light-year conversions (both directions)

(a) Calculate the distance of one light-year in metres, using ¢ = 3.0 x 1085m/s and 1 year
~ 3.15 x 107 s.

lly=cxt=(3.0x10%)(3.15 x 107) ~ 9.5 x 10*® m.

(b) The star Sirius is about 8.6 light-years from Earth. Express this distance in metres.
Distance = 8.6 x (9.5 x 10*®) ~ 8.1 x 10 m.

(c) The star Proxima Centauri is 4.0 x 106 m from Earth. Express this distance in light-years.
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4.0 x 106

95 % 1015 ~ 4.2 light-years.

Distance inly =

Types of galaxies and our cosmic neighbourhood: galaxies are broadly classified by shape into
spiral galaxies (a flattened, rotating disc with curved arms of stars, gas and dust, and a dense
central bulge - both the Milky Way and our nearest large neighbour, the Andromeda Galaxy,
are spirals), elliptical galaxies (a smooth, rounded, football-to-sphere-shaped collection of stars
with comparatively little gas or dust left to form new stars), and irregular galaxies (with no clear,
organised shape). Our Milky Way belongs to a small cluster of around 50 galaxies called the
Local Group, which includes the Andromeda Galaxy - our Local Group is itself just one small
part of the much larger Virgo Supercluster. Interestingly, unlike almost all distant galaxies,
Andromeda shows a blueshift, not a redshift: it is one of the few galaxies close enough that
its motion, under the mutual gravitational pull within the Local Group, is currently bringing it
toward us rather than away.

GIAI THICH TIENG VIET

i khoang cach trong vii tru qua I&n, cadc nha thién van dung don vi nam anh sang (light-year)
- quang duong anh sang di dugc trong mét nam - thay vi mét. Nam anh sang la don vi do
khoang cach, khong phai don vi thai gian, du trong tén c6 chir “nam”. Ngan Ha (Milky Way)
clia ching ta chira hon 100 ti ngdi sao, va Mat Trdi chi la mét trong s6 d6. Vi tru quan sat
duoc chira it nhat 100 ti thién ha. Thién ha cé ba dang chinh: xo3n &c¢ (spiral, nhu Ngan Ha
va thién ha Andromeda), elip (elliptical), va khéng dinh hinh (irregular). Ngan Ha thuéc “Nhom
Dia Phuong” (Local Group) gébm khoang 50 thién ha; dac biét, Andromeda lai dich chuyén xanh
(blueshift) vi dang tién lai gan ching ta do hap dan trong Nhém Dia Phuong, khac véi da s6
thién ha xa hon dang dich chuyén dé.

6.7 Redshift, Hubble's Law and the Big Bang (Supplement)

(Supplement) When light from a distant galaxy is analysed, the characteristic pattern of dark
lines in its spectrum is found shifted toward the red (longer-wavelength) end of the spectrum,
compared to the same pattern measured from a source at rest in the laboratory. This is called
redshift, and it is evidence that the galaxy is moving away from us. Measurements show that,
in general, the more distant a galaxy is, the greater its redshift - meaning more distant galaxies
are receding faster. This observation (that almost all distant galaxies are moving away from us,
faster the farther away they are) is one of the key pieces of evidence that the universe as a
whole is expanding.

An everyday analogy: the Doppler effect

Redshift is closely related to the everyday Doppler effect heard with sound: as an ambu-
lance siren approaches you, the sound waves are compressed, raising the pitch you hear; as it
moves away, the sound waves are stretched out, lowering the pitch. Exactly the same prin-
ciple applies to light waves from a moving source: light from a galaxy moving away from us
has its wavelengths stretched out, shifting it toward the red (longer-wavelength) end of the
spectrum - a redshift; light from a source moving toward us would instead be compressed
toward the blue (shorter-wavelength) end - a blueshift. This relationship between the light
received from galaxies and their motion was discovered observationally in the 1920s by the
American astronomer Edwin Hubble, whose measurements of galaxy redshifts and distances
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first revealed that (almost) all distant galaxies are receding from us, laying the observational
foundation for the expanding-universe and Big Bang models.

(1) L6i thueng gip: Redshift does not mean that a galaxy visibly changes colour to red, or
that we would literally see it glowing red if we looked at it directly. “Redshift” refers only
to a shift of the specific wavelengths in a galaxy’s spectrum toward the red (long-wavelength)
end, compared to a reference spectrum - it is detected by careful spectral analysis, not by the
naked-eye colour of the galaxy, and most redshifted galaxies do not appear visibly red-tinted
at all.

- [ [ [ B
Iin&éhiﬂtowﬁqthe redgend

Observed - | I -

(Supplement) Redshift: the dark spectral lines from a distant, receding galaxy (bottom) are found shifted toward the red
end of the spectrum, compared to the same lines measured from a stationary laboratory source (top).

(Supplement) Hubble’s law: the recession speed v of a distant galaxy is directly proportional
to its distance d from us:
v = Hod

where H, is the Hubble constant. Because v = H,d implies d = v/H,,, measuring a galaxy’s
recession speed (from its redshift) lets astronomers calculate its distance. Hubble’s law also
allows an estimate of the age of the universe: if all galaxies have been receding at their current

1
speeds ever since a single starting point, the age of the universe is approximately T
0

104

1.5 ¢

0.5 1

Recession speed v (km/s)

0 50 100 150 200 250 300
Distance d (Mpc)

(Supplement) Hubble's law: recession speed is directly proportional to distance, giving a straight line through the origin;
the gradient of the line equals the Hubble constant H, (here 70 km/s/Mpc).

Vidu 11 - Using Hubble’s law

(Supplement) Take H, = 70 km/s/Mpc (Mpc = megaparsec, a unit of distance used for galax-
ies).
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(a) A galaxy’s recession speed, measured from its redshift, is v = 3500 km/s. Find its distance.
v 3500
d= = —— = 50Mpc.
H, ~ 70 P
(b) Another galaxy is measured at a distance of d = 200Mpc. Find its expected recession
speed.

v = Hyd =70 x 200 = 14000 km/s = 1.4 x 10* km/s.

Vi du 12 - Estimating the age of the universe

(Supplement) Using H, = 70 km/s/Mpc, and given that 1 Mpc ~ 3.09 x 10! km, estimate the
age of the universe in years (using 1 year ~ 3.15 x 107 s).

70km/s
3.09 x 109 km
~ 4.4 x 10'7s.

First convert H, into units of s™*: H, = ~ 2.27 x 10718571,
1 1

Ager — = ————

e~ H, T 22Tx10

. 4.4 x 1017
Converting to years: 315 x 107

~ 1.4 x 109 years, i.e. ‘ approximately 14 billion years |

(Supplement) The Big Bang theory: the observation that galaxies are receding from us in every
direction, faster the farther away they are, strongly suggests that the entire universe was, in
the distant past, concentrated in an extremely hot, dense state, and has been expanding ever
since - an event known as the Big Bang. A key additional piece of supporting evidence is the
cosmic microwave background (CMB) radiation: faint microwave radiation detected coming
from every direction in space, understood as the cooled, stretched-out remnant of the intense
radiation released in the very early, hot, dense universe. The existence, uniformity, and precise
properties of this background radiation are strong evidence supporting the Big Bang model
over alternative explanations for the universe’s origin.

- GIAI THICH TIENG VIET

Dich chuyén dé (redshift): vach quang phé cua thién ha xa dich vé phia dé (buéc séng dai hon)
so v&i ngudn dirng yén - day |a bang ching thién ha dang chuyén dong ra xa ching ta; thién
ha cang xa thi dich chuyén dé cang 16n (t6c dé Ui ra xa cang nhanh). Luu y: dich chuyén do
khong c6 nghia 1a thién ha d6i mau thanh dé khi nhin bang mat thudng - day chi 1a su dich
chuyén clia cac vach quang phé cu thé. Dinh luat Hubble: v = H,d, dung dé tinh khoang cach
hodc téc do lui ra xa clia thién ha, va udc tinh tudi vii tru ~ 1/ H,, (khoang 14 ti nam). Thuyét
Big Bang: vii tru tirng & trang thai cuc ndng, cuc dac va da gian nd tir dé dén nay; birc xa nén
vi séng vii tru (CMB) 1a bang chirng quan trong tng ho thuyét nay. Hién tuong dich chuyén
do tuong tu hiéu irng Doppler ctia Am thanh (coi xe cap ciru nghe cao hon khi lai gan, tram
hon khi ra xa) - nha thién van Edwin Hubble 13 nguoi phat hién maéi lién hé nay vao thap nién
1920.
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Quantity Approximate value used in this chap-
ter

Speed of light, ¢ 3.0 x 103m/s

Mean Earth-Sun distance (1 AU) 1.5 x 10'm

One light-year ~ 9.5 x 10" m

Sun'’s surface / core temperature =~ 5500°C / ~ 15 million °C

Stars in the Milky Way Over 100 billion

Hubble constant, H, (example 70km/s/Mpc

value)

Estimated age of the universe, ~ =~ 14 billion years

1/H,

Key approximate quantities used throughout this chapter’s worked examples.

Vi du 13 - Venus'’s orbital speed

(Supplement) Venus orbits the Sun at a mean radius » = 1.08 x 10 m (0.72 AU), with an orbital
period T' = 225 days. Find Venus's orbital speed, in m/s.

Convert T to seconds: TH: 225 x 24 x 316100 =1.944 x 107 s.
2 2m(1.08 x 10 6.79 x 10
_ 2 2n(LO8XM07) 679X 10 g i m s ~ 35km/s.

T 1.944x 107 1.944 x 107 .
Venus - closer to the Sun than Earth, but farther than Mercury - orbits faster than Earth

(~ 30 km/s) but slower than Mercury (~ 48 km/s), exactly as expected from the radius-period-
speed relationship.

Vi du 14 - Converting an AU distance to metres and to light-years

(Supplement) Saturn orbits the Sun at a mean distance of 9.5 AU, where 1 AU ~ 1.5 x 10 m
(the mean Earth-Sun distance).

(a) Express Saturn’s mean distance from the Sun in metres.
d=95x (1.5 x 10) = 1.425 x 1012 ~ 1.4 x 102 m.

(b) Using 1 light-year ~ 9.5 x 10'® m (as found earlier in this chapter), express this same distance

in light-years.
1.425 x 1012 s
d= g g5 ~ 10 x 10 " light-years.

This very small result illustrates why astronomers use the AU (not the light-year) for distances
within a solar system, reserving the much larger light-year for the far greater distances between
stars and galaxies.

6.8 Practice Problems

Bai tap luyén tap

A newly observed planet orbits its star at a much greater radius than Earth orbits the Sun.
Compared with Earth, this planet’s orbital period is expected to be:

(A) Shorter, and its orbital speed faster (C) The same, but its orbital speed slower

(B) Longer, and its orbital speed slower (D) Longer, but its orbital speed faster
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Loi giai chi tiét

A larger orbital radius means a weaker gravitational pull, requiring a lower orbital speed, com-
bined with a much longer path to travel - so both the period is longer and the speed is slower.

(B).

Bai tap luyén tap

(Supplement) A satellite orbits Earth at radius » = 6.6 x 10 m with period 7' = 5400 s. Calculate
its orbital speed.

Loi giai chi tiet

-

2rr  2m(6.6 x 105)  4.147 x 107
- =TT B0 7.7x10°m/s ~ 7.7km/s

v =

Bai tap luyén tap

Place the following stages of a very massive star’s life cycle in the correct order: (i) super-
nova, (i) main-sequence star, (iii) nebula, (iv) neutron star or black hole, (v) red supergiant, (vi)
protostar.

(A) iii, vi, ii, v, i, iv (C) i, iii, ii, v, i, iv

(B) iii, ii, vi, v, i, iv (D) iii, vi, ii, i, v, iv

Loi giai chi tiet

The correct sequence is: nebula (iii) — protostar (vi) — main-sequence star (ii) — red supergiant
(v) — supernova (i) — neutron star or black hole (iv). (A).

Bai tap luyén tap

(Supplement) A galaxy’s recession speed, measured from its redshift, is v = 5600 km/s. Using
H, = 70km/s/Mpc, find its distance.

Loi giai chi tiet

Bai tap luyén tap

Proxima Centauri is 4.0 x 10' m from Earth. Using 1 light-year ~ 9.5 x 10'® m, express this
distance in light-years.

Lai giai chi tiét

. 4.0 x 106 -
Distance = 95 105 ‘4.2 light-years|.
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Bai tap luyén tap
A light-year is a unit of:

(A) Time (C) Speed
(B) Distance (D) Mass

Lai giai chi tiét

A light-year is the distance light travels in one year - despite containing the word “year”, it
measures distance, not time. (B).

Bai tap luyén tap

(Supplement) Describe the life cycle of a star with a mass similar to the Sun’s, from formation
to its final state.

Loi giai chi tiet

The star begins as a nebula (a cloud of gas and dust) that collapses under gravity into a pro-
tostar, which becomes a stable main-sequence star once hydrogen fusion begins in its core
(this is the stage the Sun is in now). When core hydrogen runs low, the star expands and cools
into a red giant. Eventually its outer layers are ejected as a planetary nebula, leaving behind
a small, dense, hot core called a white dwarf, which then cools slowly over billions of years.
‘ Nebula — protostar — main sequence — red giant — planetary nebula — white dwarf‘

Bai tap luyén tap

(Supplement) Describe the life cycle of a star with a mass much greater than the Sun’s, from
formation to its final state.

Loi giai chi tiét
As with any star, it begins as a nebula — protostar — main-sequence star. Because
of its much greater mass, once its core fuel is exhausted it swells into a red super-

giant, then its core collapses catastrophically in a supernova explosion. The collapsed
remnant becomes either a neutron star or, for the most massive remnants, a black hole.

‘ Nebula — protostar — main sequence — red supergiant — supernova — neutron star/black hole

Bai tap luyén tap

(Supplement) Compared with a cooler star, a much hotter star will generally appear:

(A) More blue-white (C) Colourless

(B) More red (D) More yellow, regardless of temperature

Lai giai chi tiét

-

Hotter stars appear more blue-white; cooler stars appear more red/orange. (A).
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Bai tap luyén tap
The Milky Way galaxy contains approximately how many stars?

(A) 100 thousand (C) 100 billion
(B) 100 million (D) 100 trillion

Lai giai chi tiét

-

The Milky Way contains over 100 billion stars, of which our Sun is just one. (C).

Bai tap luyén tap

(Supplement) State one piece of observational evidence that supports the Big Bang theory,
and briefly explain how it does so.

Loi giai chi tiét

The cosmic microwave background (CMB) radiation - faint microwave radiation detected uni-
formly from every direction in space - is strong supporting evidence. It is understood to be
the cooled, stretched-out remnant of the intense radiation released when the universe was
extremely hot and dense in its very early history, exactly as predicted if the universe began
in a Big Bang and has been expanding (and cooling) ever since. (The observation that distant
galaxies show redshift, indicating they are all receding from us, is also acceptable supporting
evidence.)

Bai tap luyén tap

(Supplement) As the distance to a galaxy increases, its observed redshift and recession speed:

(A) Both increase (C) Redshift increases, recession speed de-
creases
(B) Both decrease (D) Both stay constant

Lai giai chi tiét

-

More distant galaxies show greater redshift and greater recession speed - both increase to-
gether with distance. (A).

Bai tap luyén tap

The Andromeda galaxy is approximately 2.5 million light-years from Earth. Using 1 light-year
~ 9.5 x 10 m, express this distance in metres.

Loi giai chi tiet

Distance = 2.5 x 10 x 9.5 x 10'° ~{2.4 x 102 m|.
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Bai tap luyén tap

A star is measured to be 7.56 x 10'® m from Earth. Using 1 light-year ~ 9.5 x 10'® m, express
this distance in light-years.

Loi giai chi tiet
7.56 x 1016

Distance = m = ‘ 80 Iight'years o

Bai tap luyén tap

(Supplement) A galaxy is measured to be at a distance of d = 30Mpc. Using H, =
70km/s/Mpc, find its expected recession speed.

Loi giai chi tiét
v=Hyd="70x30=|2100km/s|

Bai tap luyén tap

-

(Supplement) A polar-orbiting satellite orbits Earth at radius » = 7.2 x 106 m with period T =
6.0 x 103 s. Find its orbital speed.

Loi giai chi tiét

2rr  2m(7.2 x 105)  4.524 x 107
— _ = = ~ . 1 3 ~ (. k o
VST 6.0 x 10° 6.0 x 105 ~L15x107m/s ~ 7.5km/s

Bai tap luyén tap

A weather agency needs a satellite that continuously monitors the same region of Earth'’s
surface, day and night. Which orbit should it use, and why?

Lai giai chi tiét

A geostationary orbit should be used. With a 24-hour period directly above the equator,
the satellite matches Earth’s own rotation and therefore stays fixed above the same region at
all times, allowing continuous monitoring - a low-Earth/polar-orbiting satellite would instead
pass over the region only briefly during each orbit, then move on to view different areas.

Bai tap luyén tap

Explain, in terms of the process occurring in its core, why the Sun is hot and luminous.

Loi giai chi tiét

In the Sun’s extremely hot, dense core, hydrogen nuclei are forced together and undergo nu-
clear fusion, combining to form helium nuclei. This process releases an enormous amount of
energy, which travels outward through the Sun and radiates into space as light and heat - this
is why the Sun (unlike a planet, which only reflects light) is hot and luminous, generating its
own light.
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Bai tap luyén tap

State one difference in orbit and one difference in appearance between an asteroid and a
comet.

Loi giai chi tiét

Orbit: most asteroids follow roughly circular orbits confined to the asteroid belt between
Mars and Jupiter, while comets follow highly elongated (elliptical) orbits that can take them
from very close to the Sun out to the far edges of the Solar System. Appearance: asteroids
are solid, rocky bodies with no tail; a comet develops a glowing tail of gas and dust (always

pointing away from the Sun) as it approaches the Sun and its ice vaporises, whereas asteroids
show no such tail.

Bai tap luyén tap

(Supplement) After a supernova, the collapsed core of a very massive star is left over, but is
not massive enough to become a black hole. What does it become?

(A) White dwarf (C) Red giant
(B) Neutron star (D) Protostar

Lai giai chi tiét

Such a core becomes a neutron star - an extremely dense, small remnant made almost entirely
of neutrons. (A white dwarf is instead the remnant of a low/medium-mass star, which never
undergoes a supernova.) (B).

Bai tap luyén tap

The Moon orbits Earth at a mean radius » = 3.84 x 108 m with an orbital period T = 2.36 x 106 s
(about 27.3 days). (Supplement) Find the Moon’s orbital speed.

Loi giai chi tiét

omr  2m(3.84 x 108)  2.412 x 107
T = ~|1.0 x 10> m/s ~ 1.0km/s |
YTT 2.36 x 100 2.36 x 100 0> 10°m/s ~ 1.0km/s

Bai tap luyén tap

Planet Y orbits a star at exactly twice the orbital radius of Planet Z. Without doing any calcu-
lation, state and explain how Planet Y's orbital period and orbital speed compare with Planet
Z's.

Loi giai chi tiét
Planet Y, being farther from the star, experiences a weaker gravitational pull, so it requires
a slower orbital speed to remain in a stable orbit; it must also travel around a much larger

circular path. Both effects mean Planet Y takes longer to complete one orbit than Planet Z -
i.e. Planet Y has a longer orbital period and a slower orbital speed than Planet Z.
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Bai tap luyén tap

State two differences in physical properties between a terrestrial planet (such as Earth) and a
gas giant (such as Jupiter).

Loi giai chi tiet

Any two of: (1) terrestrial planets are made of rock and metal with a solid surface, while gas
giants are made mostly of hydrogen and helium gas (or icy/rocky material under thick gas) with
no solid surface to stand on; (2) terrestrial planets have much higher density than gas giants;
(3) terrestrial planets are much smaller in diameter than gas giants; (4) gas giants have ring
systems and many more moons, while terrestrial planets have few or no moons and no rings.

Bai tap luyén tap

(Supplement) A distant galaxy has a recession speed (measured from its redshift) of v =
4200 km/s. Using H, = 70 km/s/Mpc, find its distance in Mpc, and then express this distance
in light-years, given 1 Mpc ~ 3.26 x 10° light-years.

Lai giai chi tiét
v 4200
Distance: d = — = —— = 60Mpc.
H, 70 P
In light-years: d = 60 x 3.26 x 105 = 1.956 x 10® ~|2.0 x 102 light-years |.

Bai tap luyén tap

(Supplement) Planet A orbits a star at » = 1.0 x 10'! m with period T = 2.0 x 107 s. Planet
B orbits the same star at r = 4.0 x 10 m with period " = 1.6 x 10%s. Calculate the orbital
speed of each planet, and state which planet moves faster.

Lai giai chi tiét

2m(1.0 x 10)  6.283 x 10

o _ -~ 4 —

Planet A: v, = STl AT 3.1 x 10*m/s = 31 km/s.
_ 2m(4.0 x 101) 2513 x 1012 4

Planet B: vy = X1~ Toxic = 1.6 x 10*m/s = 16 km/s.

‘ Planet A (the smaller orbital radius) moves faster ‘ - consistent with the radius-period-speed
relationship.

Bai tap luyén tap

(Supplement) Explain why a larger measured value of the Hubble constant, H,, would lead to
a younger estimated age for the universe.

Loi giai chi tiét

The estimated age of the universe is approximately T an inverse relationship. If H; is
0

1 . .
measured to be larger, then A becomes smaller, giving a younger estimated age. (Physically,
0
a larger H, means galaxies are, on average, receding faster for a given distance, implying it
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took less time for them to reach their current separations since the Big Bang.)

Bai tap luyén tap

Explain why an artificial satellite in a stable orbit does not need its engines running continu-
ously to stay in orbit.

Loi gidi chi tiét

Gravity provides exactly the centripetal force needed to continuously change the direction of
the satellite’s velocity, keeping it on a curved (circular or elliptical) path, without needing to
change its speed or do net work on it. As long as the satellite has the correct combination of
speed and radius for a stable orbit, gravity alone maintains that orbit indefinitely - gravity does
not weaken or “run out” over time, so no continuous engine thrust is required (real satellites
only need occasional small corrections due to minor disturbances, such as atmospheric drag
at very low altitudes).

Bai tap luyén tap

(Supplement) A geostationary satellite orbits at radius » = 4.2 x 10" m. Using the fact that its
period must be exactly 24 hours, calculate its orbital speed in m/s.

Loi giai chi tiét

T = 24 x 3600 = 86400 s.

2rr  2m(4.2 x 107)  2.639 x 10%
_ 2 _ _ ol 1P T e Bl )
V=TT 86400 86400 S M5 0 B /S

Bai tap luyén tap

State whether each of the following is more characteristic of a terrestrial planet or a gas giant:
(a) very low density; (b) solid rocky surface; (c) large ring system; (d) high density.

Loi giai chi tiét

(a) Gas giant.  (b) Terrestrial planet.  (c) Gas giant.  (d) Terrestrial planet.

Bai tap luyén tap

(Supplement) A small satellite orbits Earth at radius » = 1.0 x 107 m with period 7" = 1.0 x 10*s.
Find its orbital speed.

Lai giai chi tiét

-

2 2m(1.0 x 107)  6.283 x 107
= — = = ~ . 1 3 ~ . k I
T 1.0 x 104 Tox 10t 163 x10°m/s ~ 6.3km/s

Bai tap luyén tap

Which of the following best describes what a nebula is?
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(A) A collapsed stellar core made almost en- (C) A region of space where gravity is so
tirely of neutrons strong that light cannot escape

(B) A vast cloud of gas and dust in space that (D) The glowing remnant of an exploded
can collapse under gravity to form a star massive star

Loi giai chi tiét

A nebula is a vast cloud of gas and dust; gravity can pull this material together to form a
protostar and, eventually, a star. (B).

Bai tap luyén tap

A student claims that a satellite orbiting very high above Earth, but tilted at 45° to the equator,
is geostationary because it is “far enough away”. Explain why this claim is incorrect.

Loi giai chi tiét

Altitude alone does not make an orbit geostationary. A truly geostationary satellite must sat-
isfy two conditions simultaneously: it must have an orbital period of exactly 24 hours, and it
must orbit directly above the equator (in the same direction as Earth’s rotation). A satellite
tilted at 45° to the equator will trace out a path that moves north and south relative to the
ground as it orbits, even if its period happens to be 24 hours - it will not stay fixed above a
single point on Earth’s surface, so it is not geostationary.

Bai tap luyén tap

State two properties, other than surface temperature, that determine how bright a star appears
to an observer on Earth.

Loi giai chi tiét

The apparent brightness of a star, as seen from Earth, depends on its true luminosity (the total
amount of light energy it actually emits, which itself depends on the star’s size and temper-
ature) and its distance from Earth - a highly luminous star that is very far away can appear
fainter than a much less luminous, but much closer, star.

Bai tap luyén tap

(Supplement) Explain why, of all the galaxies we observe, the Andromeda Galaxy is unusual in
showing a blueshift rather than a redshift.

Loi giai chi tiét

Almost all distant galaxies show redshift because the overall expansion of the universe is car-
rying them away from us. Andromeda, however, is a member of our own Local Group of
galaxies, close enough that the mutual gravitational attraction between it and the Milky Way
currently dominates over the effect of the universe’s expansion - as a result, Andromeda is
actually moving toward the Milky Way, producing a blueshift instead of a redshift.
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Bai tap luyén tap

(Supplement) Explain why the most massive main-sequence stars have shorter lifetimes than
lower-mass main-sequence stars, even though they contain far more hydrogen fuel to begin
with.

Lai giai chi tiét

Although a more massive star does start with more hydrogen fuel, it also burns far hotter and
fuses hydrogen at a much faster rate than a lower-mass star. This much higher rate of fuel
consumption more than cancels out the larger fuel supply, so the most massive stars actually
use up their core hydrogen, and leave the main sequence, far sooner (in millions of years) than
lower-mass stars like the Sun (which last billions of years).

Bai tap luyén tap

State one difference between the Kuiper Belt and the Oort Cloud.

Loi giai chi tiét

Any correct difference, such as: the Kuiper Belt is a relatively flat, disc-shaped region of icy
bodies (including Pluto) just beyond Neptune's orbit, while the Oort Cloud is thought to be a
much more distant, roughly spherical shell of icy bodies surrounding the entire Solar System,
far beyond the Kuiper Belt; both are considered source regions for comets, but Oort Cloud
comets typically follow far longer, wider orbits than Kuiper Belt comets.

Bai tap luyén tap

(Supplement) A GPS navigation satellite orbits in medium-Earth orbit with a period of about
12 hours - shorter than a geostationary satellite’s period, but much longer than a typical low-
Earth-orbit satellite’s period. Explain why a single GPS satellite is not sufficient for a receiver
to determine its position, and why a large constellation of satellites is used instead.

Loi giai chi tiet

A single satellite can only tell a receiver its distance from that one satellite, which narrows the
receiver’s possible location down to a sphere (or, combined with being on Earth’s surface, a
circle) - not a single unique point. By using signals from several satellites simultaneously (a
large constellation ensures enough satellites are visible from anywhere on Earth at any time),
a receiver can combine multiple distance measurements to pinpoint a single, precise location
through triangulation.

Bai tap luyén tap

Explain, in terms of gravity and motion, why astronauts aboard the International Space Station
(ISS) experience apparent weightlessness, even though Earth’s gravity at that altitude is only
slightly weaker than at the surface.

Loi giai chi tiét

The ISS and everything inside it (including the astronauts) are continuously in free fall toward
Earth under gravity, while also moving forward fast enough that the curve of their fall matches
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the curvature of the Earth beneath them - this combination of falling and moving forward is
exactly what keeps them in orbit. Because the astronauts and the station are falling at the
same rate, there is no contact (normal) force between an astronaut’s body and the floor of
the station, and it is precisely this contact force that we normally perceive as “weight”. The
apparent weightlessness is therefore due to being in continuous free fall together with the
spacecraft, not due to an absence of gravity.

Bai tap luyén tap

(Supplement) Explain how elements heavier than iron, such as gold and uranium, are created,
and how they eventually become part of new stars and planets.

Loi giai chi tiet

Elements heavier than iron cannot be produced by the nuclear fusion that powers ordinary
stars; they require the extreme temperatures and pressures generated during a supernova
explosion, when a massive star’s core catastrophically collapses. The explosion forges these
heavy elements and simultaneously scatters them, along with the star’s other material, out into
space. This ejected material can later become incorporated into new nebulae, which may go
on to collapse under gravity and form new stars and planetary systems - meaning the heavy
elements found in the Earth (and in living things) were originally created inside a star that
exploded long before the Solar System formed.

Bai tap luyén tap

Two planets, P and Q, orbit the same star. Planet P has a shorter orbital period than Planet Q.
Which planet is closer to the star, and which planet has the higher orbital speed?

(A) P is closer; P has the higher speed (C) Pis closer; Q has the higher speed
(B) Qs closer; Q has the higher speed (D) Qis closer; P has the higher speed

Lai giai chi tiét

A shorter orbital period goes with a smaller orbital radius (closer to the star) and a faster orbital
speed. Since Planet P has the shorter period, P is closer to the star and P has the higher orbital
speed. (A).

~ ~

Bai tap luyén tap

(Supplement) A distant galaxy’s spectrum shows a redshift corresponding to a recession speed
of v = 9800km/s. Using H, = 70km/s/Mpc, find its distance in Mpc, then convert this
distance into metres, given 1 Mpc ~ 3.09 x 10?2 m.

Loi giai chi tiét
v 9800
Distance in Mpc: d = — = —— = 140 Mpc.
! I H, ~ 70 .

Distance in metres: d = 140 x 3.09 x 1022 ={4.3 x 10%*m|.
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Bai tap luyén tap

Betelgeuse is a red supergiant star - enormous and highly luminous, yet it appears distinctly
reddish rather than blue-white. Explain why.

Loi giai chi tiét

A star’s colour depends on its surface temperature, not directly on its size or total luminosity:
hotter stars appear blue-white, while cooler stars appear red/orange. Although Betelgeuse
is enormous and radiates a huge total amount of energy (due to its immense surface area),
its outer surface has expanded and cooled as part of becoming a red supergiant, giving it a
relatively low surface temperature for a star - and hence its distinctly reddish colour.

Bai tap luyén tap

For each of the following, state whether it is generally considered a source of new comets: (a)
the asteroid belt; (b) the Kuiper Belt; (c) the Oort Cloud.

Loi giai chi tiét

(@) No - the asteroid belt mainly contains rocky asteroids, not icy comets. (b) Yes - the Kuiper
Belt is a disc of icy bodies beyond Neptune that supplies many comets. (c) Yes - the more
distant, spherical Oort Cloud is thought to supply comets on extremely long, wide orbits.

Bai tap luyén tap

(Supplement) A galaxy’s redshift corresponds to a recession speed of v = 2800 km/s. Using
H, = 70km/s/Mpc, find its distance in Mpc, then express this distance in light-years, given
1 Mpc ~ 3.26 x 10° light-years.

Loi giai chi tiét
2
Distance in Mpc: d = % = 40 Mpc.
In light-years: d = 40 x 3.26 x 105 = 1.304 x 10® ~| 1.3 x 102 light-years |.

Bai tap luyén tap

Explain why doubling a satellite’s orbital radius does not simply double its orbital period.

, Loi giai chi tiét
Two effects combine when the orbital radius doubles: the satellite has twice the distance
(circumference) to travel around its orbit, and it must also travel at a slower speed than before
(because the gravitational pull, and hence the required orbital speed, is weaker at the larger
radius). Since the period depends on both a larger distance and a smaller speed working in
the same direction, the orbital period increases by more than a factor of two, not simply by a
factor of two.
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Bai tap luyén tap

Explain why elements heavier than iron, such as gold and uranium, are not produced by the
nuclear fusion that powers ordinary stars.

(A) Such fusion reactions absorb energy (C) Ordinary stars are not hot enough to fuse
rather than releasing it, so they do not hydrogen

happen inside ordinary stars (D) Heavy elements can only exist outside of

(B) Iron does not exist inside stars stars

Loi giai chi tiét

Fusing nuclei up to iron releases energy, which is what powers a star; fusing elements heavier
than iron would actually absorb energy rather than release it, so this does not happen during a
star's normal life. Elements heavier than iron are instead created only in the extreme, energetic
conditions of a supernova explosion. (A).

Bai tap luyén tap

State two defining features of a main-sequence star.

Loi giai chi tiét
Any two of: (1) it is fusing hydrogen into helium in its core; (2) it is in a stable equilibrium,
where the outward pressure from fusion balances the inward pull of gravity, so the star’s size

stays roughly constant; (3) it spends the majority of its lifetime in this stage (our Sun has been
on the main sequence for about 4.6 billion years already).

Bai tap luyén tap

Suggest why the four planets closest to the Sun are small and rocky, while the four planets
farthest from the Sun are large gas/ice giants.

Loi giai chi tiét

Close to the young Sun, temperatures were too high for ice and light gases to remain solid or
condense, so only rock and metal could form solid material there, building small, dense, rocky
planets. Farther out, it was cold enough for ice (water, ammonia, methane) to condense as
well as rock, giving far more raw material for planets to grow from - these larger rocky/icy
cores were then massive enough to gravitationally attract and hold on to huge quantities of
surrounding hydrogen and helium gas, growing into the much larger gas/ice giant planets.

Bai tap luyén tap

Not every massive star that undergoes a supernova leaves behind a black hole. Explain what
determines whether the collapsed remnant becomes a neutron star or a black hole.

Lai giai chi tiét

It depends on the mass of the collapsed core left behind after the supernova explosion. If
the remnant’s mass is below a certain threshold, the collapse is halted by internal forces and
it settles as an extremely dense neutron star. If the remnant’s mass is above that threshold,
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no known force can halt the collapse, and it continues to collapse into a black hole - a region
where gravity is strong enough that not even light can escape.

Bai tap luyén tap

(Supplement) On a graph of recession speed v against distance d for a set of galaxies (Hubble’s
law), state what physical quantity is represented by the gradient of the line.

Loi giai chi tiét

The gradient of the v against d graph represents the Hubble constant, H, since v = Hyd is
the equation of a straight line through the origin with gradient H,,.

Bai tap luyén tap

(Supplement) A moon orbits a gas giant planet at radius » = 4.2 x 108 m with period T =
1.5 x 10°s. Find its orbital speed.

Loi giai chi tiet

omr  2m(4.2 x 108)  2.639 x 107
R = ~|1. 104 ~ 18k |
V=TT 1.5 x 10° 1.5 x 10° 9 55 W0 Gy '6 & L Gve

Bai tap luyén tap

State the type of orbit (geostationary or low-Earth/polar) that would be most suitable for each
application: (a) tracking deforestation across the entire globe over the course of a month; (b)
relaying live television broadcasts to a fixed satellite dish.

Loi giai chi tiét
(a) Low-Earth / polar orbit - its short period and changing ground track allow it to image
different strips of the whole Earth over repeated orbits. (b) Geostationary orbit - it stays fixed

above one point on Earth, allowing a satellite dish to remain pointed in a single, unchanging
direction.

Bai tap luyén tap

Explain, using the terms nebula, gravity, and hydrogen fusion, how a star forms.

Lai giai chi tiét

A nebula - alarge cloud of gas (mostly hydrogen) and dust - begins to collapse inward under its
own gravity. As the material falls inward, it heats up, forming a protostar; if enough mass has
collapsed together, the core eventually becomes hot and dense enough to trigger hydrogen
fusion (hydrogen nuclei fusing into helium), at which point the star is born as a stable main-
sequence star, with the outward pressure from fusion balancing the continued inward pull of
gravity.
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Bai tap luyén tap

A student says: “Since Jupiter is much farther from the Sun than Earth, and much more massive
than Earth, its orbital speed must be greater than Earth’s.” Explain what is wrong with this
reasoning.

Loi gidi chi tiét

The student has confused the effect of a planet’s own mass with the effect of its orbital radius.
A planet’s own mass does not determine its orbital speed for a given orbital radius (a more
massive and a less massive planet at the same distance from the Sun would orbit at essentially
the same speed). What actually determines orbital speed is distance from the Sun: since
Jupiter’s orbital radius is much larger than Earth’s, Jupiter’s orbital speed is in fact slower than
Earth’s, not faster - consistent with the general rule that larger orbital radius means slower
orbital speed.

Bai tap luyén tap

(Supplement) Which layer of the Sun is directly responsible for generating its energy, through
nuclear fusion?

(A) The photosphere (C) The core

(B) The corona (D) The convective zone

Loi giai chi tiét

Nuclear fusion of hydrogen into helium occurs in the Sun’s core, where temperature and pres-
sure are extreme enough to sustain it; the other layers (radiative zone, convective zone, pho-
tosphere, corona) only carry that energy outward or mark the Sun’s visible surface/outer at-
mosphere. (C).

Bai tap luyén tap

What is the primary cause of Earth's ocean tides?

(A) Earth’s rotation alone, with no contribu- (C) Wind patterns produced by uneven solar

tion from the Moon or Sun heating of the atmosphere

(B) The Moon’s (and, to a lesser extent, the (D) Changes in the Moon'’s phase altering the
Sun’s) differential gravitational pull on amount of sunlight reflected onto the
Earth’s oceans oceans

Lai giai chi tiét

Ocean tides are caused by the Moon’s gravitational pull (with a smaller contribution from
the Sun’s), which is slightly stronger on the side of Earth nearer the Moon than on the far
side, stretching the oceans into two tidal bulges; Earth’s rotation beneath these bulges is what
produces the regular timing of tides, but it is gravity - not rotation alone - that creates the
bulges in the first place. (B).
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Bai tap luyén tap

Jupiter orbits the Sun at a mean distance of 5.2 AU. Using 1 AU ~ 1.5 x 10'' m, express this
distance in metres.

Lo&i giai chi tiét
d=52x15x10" =78 x 10" m|

Bai tap luyén tap

Uranus orbits the Sun at a mean distance of 19.2 AU. Using 1 AU ~ 1.5 x 10! m and 1 light-year
~ 9.5 x 10 m, express Uranus’s mean distance from the Sun in light-years.

Loi giai chi tiét

First convert to metres: d = 19.2 x 1.5 x 10! = 2.88 x 1012 m.

2. 1012 N
% ~ 3.0 x 10~ light-years |

Then convert to light-years: d =

Bai tap luyén tap

(Supplement) An exoplanet orbits its star at radius r = 2.4 x 10'' m with period 7' = 3.0 x 107 s.
Calculate its orbital speed.

Loi giai chi tiét

-

2rr  2m(2.4 x 101)  1.508 x 10!2
V= — = =

= = ~|5. 1 4 ~ k i
T 3.0 x 107 3.0 x 107 5.0 x 10°m/s ~ 50 km/s

Bai tap luyén tap

(Supplement) A newly discovered exoplanet orbits its star at a distance of 2.0 AU, completing
one orbitin 7' = 6.3 x 10”7 s. Using 1 AU ~ 1.5 x 10'! m: (a) express its orbital radius in metres;
(b) calculate its orbital speed.

Loi giai chi tiét

(@r=2.0x15x 10" =3.0 x 10! m.

2rr  2m(3.0 x 10*)  1.885 x 10!2 1
(b)v_T_ 63 %107~ 63 x107 ~ 3.0 x 10*m/s =~ 30km/s |.

Bai tap luyén tap

(Supplement) A galaxy’s recession speed, measured from its redshift, is v = 7000 km/s. Using
H, = 70km/s/Mpc, find its distance in Mpc, then express this distance in light-years and in
metres, given 1 Mpc ~ 3.26 x 10° light-years and 1 light-year ~ 9.5 x 10 m.

Loi giai chi tiet

-

v 7000
Dist inMpc: d = — = —— =100 Mpc.
istance in Mpc I - pc
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In light-years: d = 100 x 3.26 x 10% = 3.26 x 10® light-years.
In metres: d = (3.26 x 10%) x (9.5 x 10'°) ~|3.1 x 10** m|.

Bai tap luyén tap

The Moon'’s sidereal orbital period is approximately 27.3 days, while a satellite in low-Earth
orbit (such as the ISS) has a period of only about 90 minutes. Explain, in terms of orbital radius
and gravitational pull, why the Moon’s orbital speed is so much slower than the ISS'’s, even
though both are held in orbit purely by Earth’s gravity.

Loi giai chi tiét

The Moon orbits at a much larger radius from Earth (about 3.84 x 108 m) than the ISS (only a
few hundred km up). At this much greater distance, Earth’s gravitational pull is much weaker,
so the Moon needs only a much lower orbital speed to remain in a stable orbit than the ISS
does. This is the same radius-speed relationship that applies to planets orbiting the Sun: a
larger orbital radius always goes with a slower orbital speed (and, correspondingly, a much
longer orbital period - days rather than minutes).

On tap nhanh: g = 10N/kg trir khi dé cho gia tri khac; trén do thi v-t, do6 déc (gradient) =
gia tdc va dién tich dudi d6 thi = quang duong di dugc; dong luong va nang lvong duoc bao
toan trong va cham kin (khéng c6 ngoai luc/khéng mat nang lwong ra ngoai); nhiét dé khong
d6i trong suét qua trinh chuyén thé (néng chay/séi) du van cap nhiét lién tuc; dién tré tuong
duong cua cac dién trd mac song song tinh theo quy tic nghichddo 1/R = 1/R; + 1/Ry + -
trong ba loai birc xa hat nhan, hat alpha xuyén thau kém nhat con tia gamma xuyén thau manh
nhat; sau n chu ky ban ra, s6 hat nhan phdéng xa con lai N = N,(1/2)"; toéc do trén quy dao
tron v = 277 /T, va ban kinh quy dao cang I&n thi chu ky cang dai, téc do cang cham.
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