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Onv 7> 7L =— (Lucian Glenny : [ [l R 7 B8 KK EHEFIK ALT)

There's a quote often attributed to Einstein that goes something like "Everything should
be made as simple as possible, but no simpler". It's a great quote, but like so many
quotations that have the man's name underneath, he never actually said it. Einstein's
original quote was, ironically, much longer and more complicated. But the point was the
same: as long as we account for all the necessary information, simple explanations are
the best. I think this is excellent advice not only for a physicist, but for a language
learner too. If we make things simple, communication in a second language becomes

easier, faster, and more fun.

To the reader:

Writing and reviewing this book was an exercise in clear, simple communication. We
worked hard to explain the principles and vocabulary of physics using language that you
can understand (with a bit of effort and study), while keeping all of the scientific content
intact. I hope this book will make it easier for you to access materials written in English,
and give you valuable experience in using English in a scientific context. Good luck and

have fun!

To my colleagues:

Contributing to this project was a real privilege; thanks for involving me and for giving
me the chance to do some science again. Working on this book was a pleasure. I hope
that it will inspire more students to make the most of the language skills they've
developed, and continue to study both physics and English with confidence and

creativity in the future.

OfhEfE— (Shuichi Nakadachi : [# 1L ESZ B8ORS S50 Ham)
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Japanese-English Physics Vocabulary
with English Definitions (M EiEEFHRE)

Force Acting on Rigid Bodies

- & o

1. /&(Z 5 7= \) = Rigid body = a model of an object with a constant shape and size (e.g., a

turntable). The distance between two points on a rigid body is constant.

[CIR. B & o
2. b7 (&% <) = Torque (1) = the ability of a force to rotate an object. A torque causes rotational

acceleration.
[SI unit: N - m]
T=F-d- sinf
SV HoTND
3. (EED) R L (hWTAD)B w5 L A) = Pivot point = a central point where an object balances

[E#E LTV 5
orturns.

x o= &

4.187(< 5 Y & <) = Couple = Couple of forces = two ;argllél forces that are equal in magnitude.

fal i3
They act on a rigid body in opposite directions.

5BADE—X> MCHY £<DE—BHA L) = Moment of a couple (M) = the force of a couple

#HOHsh 2
multiplied by the distance between the two opposite forces.

[Sl unit: N - m]
M=F-d

6. BEHL(EETRN)/EL(Lw S LA) = Center of mass = the average center point of the mass of
it A ] 7

HoR 9 2 A it
an object. When calculating translational motion, we can consider all the mass to be centered at

this point.

7.20(Lw 5 L A) = Center of gravity = the average center point of an object’s weight. In a

S - AN Ei 7 %
uniform gravitational field, the center of gravity is the same as the center of mass.

Conservation of Momentum

B #HRE D H i1
8. BENE(D AL DY &) = Momentum (p) = the mass of an object multiplied by its velocity.

[Slunit: kg - m / s]
p=m-v

1



EHLTWS o n s

9. N#&(Y EH ¥) = Impulse = the total force acting on an object muItlplled by the length of time

the force acts.
[SI unit: N - s]
Impulse = F -t

fEAL TS

10. FHDOH(~NWEA DB A B) = Average force = the force actlng on an object as it changes

i % E
veIOC|ty in a collision over a speaﬂed time mterval The average force is equal to the change in the
&) HOBEYVREsRD

object's momentum divided by the time taken by the coII|s|on
[SI unit: N]

A(m-v)
Faverage = T

. R E A
1. ZH(FZ Y & <) = Impulsive force = the force that two objects exert on each other when they

i %€ ¥ %
collide. An impulsive force acts for a short time (e.g., a bat hitting a baseball).
[SI unit: N]

[ . EWIER LSS (MEERT 5)
12. % (17 \\) = System (of bodies) = two or more bodies that interact with each other.

kiEgsnd

13. WA (7 WY & <) = Internal force = the force exerted on any part of a system by another object

ey y—F
in the same system (e.g., a coII|S|on between two billiard balls).

[SI unit: N]

kiEsnd
14. 245 (A1) & <) = External force = the force exerted on any part of a system by an object
outside the system (e.g., a billiards player hitting a ball).

[SI unit: N]

15. BERERTFEOE(OAE S Y £ 5IFFADITD %K) = Law of conservation of momentum:

4 h b &) it ES
If there is no external force, the total momentum in the system before an interaction is equal
MoE M
to the total momentum in the system after the interaction.

=4 j# i
16. RFEBRI(TA LD WT 5) = Coefficient of restitution = the ratio of the veIochty of an object

i e [ 3 1 ZE

before and after a collision. The coefficient of restitution is equal to 1 for an elastic collision and 0
EI S S S

for an inelastic collision.

[Unitless]



e /e - ) . W ® & T 5
17. BMERE(IZAB WL &£ 5 & D) = Elastic collision = a collision that conserves the total

P ) S P

k|net|c energy of the bodies. No kinetic energy changes into other forms, such as heat (e.g., a

coIIision between two billiard balls).

o e . _ T )
18. IEHMEBFR(O7ZAET WL & 5 & D) = Inelastic collision = a coII|S|on that does not conserve the

W OE) = koL ¥ —
total kinetic energy of the bodies. Kinetic energy changes into other forms, such as heat or sound

(e.g., a collision between cars).

1§ ES
T /\#ﬁﬁ’l‘i@w(b‘/\f@/\,o\f:\‘/\,ﬁk\ L &£ 5 &) = Completely inelastic collision = a collision

17 ) o) = ox oL F —
that does not conserve the total kinetic energy of the bodies, and causes the colliding bodies to

< oK

stick together. All the kinetic energy is changed into other forms, such as heat (e.g., a bullet shot

into a thick block of wood). The coefficient of restitution(16) is zero.

Circular, Simple Harmonic, and Gravitational Motion

20. ERMEEN(E 5 Z < 2 A D AE D) = Uniform circular motion = the motion of an object moving

. H LN E - E O
in a circular path at a constant speed.

) & % i
21. BRE (H < Z < &) = Angular velocity (w) = the re;te of an object's ro.tation (around an axmis).
[SI unit: rad / s]

- J&
22. FAHA(L w 5 ¥) = Period (T) = the time taken for an object in circular motion to make one cycle

(full rotation).
[SI unit: s]
2n

T="
w

23: [EE=EU(H LN T AT ) = Rotational frequency (f) = the number of cycles (full rotations) per

second.
[Slunit: Hz =1/ s]

J&l [al
24. A H(Z 5 LAY & <) = Centripetal force = the force that keeps a body rotating. This force

M Ei 5
always points toward the center of the circle (e.g., the gravitational force that causes the moon to
RIER

orbit the earth).
[SI unit: N]

[N
25. B (DA W) = Inertia = the tendency of an object to remain at rest or in uniform motion

unless an external force acts on it.



-

#* It ES
26. BHZR (D AB WIT W) = Inertial frame of reference = a frame of reference where an object

- E o s+ 7 fER LTS
moves only in a straight line with constant speed. The object has no external force acting on it.

Newton's 1st, 2nd and 3rd laws of motion apply.

2 o 0 o 5

27. BHEA (DA WY & <) = Inertial force = a fictitious force that seems to act on an object

ot % ” %
because of inertia or acceleration of the frame of reference (e.g., the coriolis force).

7N LR b S B3 |
28. @0 N(Z A LAY & <) = Centrifugal force = a fictitious force that acts on a body in circular

motion. A Centrifugal force points always away from the center of the circle.

29. ZFEAWEE(H < Lw 51&9 ) = Angular frequency (w) = the rate of change of angle (in radians)

when an object rotates.
[SI unit: rad / s]

~ |

30. HiREN(7=A L A & 5) = Simple harmonic motion = the motion of a moving object due to a

% b ] A 23 M T &)
restoring forcegzs). A projection of uniform circular motion o along the diameter of the circle can be

treated (considered) as simple harmonic motion. Another example is a moving object on a spring.

x =Asin(w -t + @)

31. 87t (3 < IFA Y & <) = Restoring force = the force that pushes an object in simple harmonic

R i iz i
motiongo back toward the middle point (‘equilibrium position'). The restoring force is in the

% fir
opposite direction to the object's displacement from the equilibrium position.
[SI unit: N]

N N ~ . % . g ;
32. [¥IRY F(£48Y Z) = Spring pendulum = a system that contains a mass attached to a

spring. A spring pendulum can act as a spring or a simple pendulum.

=,

33. HiRk Y F (7AW Z) = Simple pendulum = a model with a small mass attached to a string or

oA W ® 3+ 2
wire. The string has no mass and does not stretch. A simple pendulum oscillates back and forth
through a small angle.



34. &Y FOERME(SY Z D & 5 LB W) = Isochronism of a pendulum = a property of a simple

pendulum. This means the pendulum has a constant frequency that does not change, even if the

"R = i

mass or the amplltude of the OSC|IIat|on changes.

35. 7 77 —DEREEBEHOERRN(IF 0 —DH{EWIAE S DIED Z L) = Kepler's laws of

planetary motion:

mom o

Every pIanet moves in an elliptical orblt around the sun, and the sun is at one of the

focaI points of the elliptical orbit.

ST e Y bt
Il. A line from the sun to any planet sweeps over equal areas in equal time penods

=4 2 e J& by 3 F
[. The ratio of the squares of the periods of any two planets is equal to the ratio of the cubes
of their average distances from the sun.

TZ
— = constant
r

T?=q-r3

1S
36. XEZ(H<H\) = Planet = a body in space (ceIestlaI body) that orblts a sun. It must be sphere-

A -1
shaped due to gravity. Planets have no debris in their orblt because they have collected debris

and cleared the orbital area.

37. RENFR(TA E 5 ¥ 2) = Geocentric theory = an ancient idea developed by the Greek-Egyptian

J -]
astronomer Ptolemy. The idea described the sun, moon and planets as revolving around the earth.

38. #iENFR (B £ 5 ¥ D) = Heliocentric theory = a theory by the 16th-century Polish astronomer

T i
Nicolaus Copernicus. The heliocentric theory described the sun as the center of the universe, with

the planets revolving around it. Although heliocentric theory is more correct than geocentric
i
theory, scientists now understand that all motion is relative to other objects. Because of this, the
MoxoB 22 oD
universe does not have an absolute center.

39. ABBINEHULAD S5 WA Y & < TWTF ) = Universal gravitational constant (G) = a constant

that relates gravitational force to mass and distance. The gravitational constant is part of

Newton's law of universal gravitation.

G'ml'mz
F=——
r



2

m
G=6673x10"11N-—
kg?

40. ABBINICE D RT v LIRILF—(IFARP I WA £KICKBIEFTALYDZNRDEE—) =

Universal gravitational potential energy = the potential energy stored in the gravitational fiZId
L7 L7
between two bodies. This is equal to the (negative) work done to move an object against the

gravitational field.
[SI unit: J]

Properties of Gases and Motion of Molecules

EEshnb
41. KRUE(7=\L & & D) = Atmospheric pressure = a force exerted by air (or another gas) on the

Y (YRR Om)
surface of every object. At sea level, atmospheric pressure is about 1 atm.

[SI unit: Pa = N / m?]

N
1atm = 1.013 X 10°—;
m

42. KA NLDOFER(F WD DTS Z <) = Boyle's law:

— E D - E O
For a fixed amount of gas at a constant temperature volume increases as pressure
24 141 7
decreases. Pressure is mversely proportlonal to volume.

p1-Vi=p,V;
43. > ¥ IILILDEBI(L » 5 2 DIEH % <) = Charles' law:

— E D )
For a fixed amount of gas at a constant pressure volume increases as temperature
1E 29
increases. Temperature is directly proportlonal to volume.

, T,
T
44, KA -2 v LILDRRAI(IZWS-L % % 2 DIF 5 % <) = Boyle-Charles' law:
Bt (O 5L0)

The rat|o between the temperature of a system (T) and the product of pressure (p) and

volume (V) is constant.
P Vs _ P2V,
T T,




KT 2 T
45. MEE(R-> L2V & 9) = Amount of substance = the number of particles (atoms, molecules, or

= s

jons) in a substance measured in moles.
[SI unit: mol]

6. 7HhAH FOEH(HIZHAEATWT 5) = Avogadro constant (Na) = Avogadro number = the

€ b

number of partlcles in a mole of a substance
[Unitless]
N, = 6.022 x 10%3

AT IZERELIZETE(VD LD L ABAL LD &5 LwAEHD) = Standard temperature and

i

pressure (STP) = the temperature and pressure of matter in its pure state.

T =273K
N
p=1atm=1.013x10°—;
m?

g

48 BRESA(Y Z 5 £72\\) = Ideal gas = an |mag|nary type of gas. An ideal gas has partlcles that
BT

do not |nteract with each other, and have a negllglble volume. The ideal gas law describes an ideal
gas, except at a high pressure or low temperature.

N - TE %%
49. FRILY < EH(T B DFATUWLT 5) = Boltzmann's constant (ks) = the constant of

=
proportlonallty in the ideal gas law. It relates the energy of one moIecuIe of an ideal gas to the

temperature.

J
k,=138x 10723 —
B K

il

50. RATEH(Z /=L TWI ) = Gas constant (R) = the constant of prob%rtlonallty in the ideal gas

law. It relates the energy of one mole of an ideal gas to the temperature.

J

R=N,-kp, =8314 ———
A B mol - K

51. BESHEOREAREA(N Z I E-0DL &£ 5720FD TWL F) = Ideal gas law = a law that

describes the relationship between pressure, volume, temperature, and the number of m-oles of an
ideal gas.
pV=n-R-T=N-kg-T

3

52. ZFEFEHRE(IL &£ 2 ~WEAZ L L) = Root mean square velocity = rms velocity = the typical

iy ko F
veIOC|ty of one particle in an ideal gas.



[Sl unit: m / s]

KT vy v

53. NER T R ILF — (%2 LR X 15 £ —) = Internal energy (U) = the total kinetic and potential energy

" L7

of the partlcles ina substance object, or system Internal energy comes from the random motion
of particles and the distances between them.
[SI unit: J]

U—3 R-T

4

. +
54. BERFDF(7zAlTA LA L) = Monoatomic molecule = monatomic molecule = a molecule

fir A A/ /A A

that is made up of only one atom The noble gases (helium, neon, argon, krypton, xenon, and
radon) are all monoatomic molecules.

55. % (17 L) = System = the components that are being studied at a given time. It may exchange

L7t
matter or energy with the surroundings.

N £ M+ %
56. A F (AW A W) = Surroundings = the space outside a system The surroundings may interact with

L7t
the system by exchanging energy or matter.

-
57. 32 % (Z Y DIF L) = Isolated system = a system that does not exchange matter or energy with

its surroundings (e.g., hot coffee in a \/écuum flask).

58. BASER (AN LS IF W) /B L 72 %(& L7217 W) = Closed system = a sysfem that exchanges energy

L7 ¢
(but not matter) with its surroundings (e.g., boiling water in a pot with a lid).

59. FBCR (A WIE S W) /BEWL TR (DB W zIF L) = Open system = a sysfem that exchanges

L/
energy and matter with its surroundings (e.g., boiling water in a pot without a lid).

60. BN FE— KA (12 Y ENLLFZWWBIT S Z <) = First law of thermodynamics:
IR SEE SV
The change in internarenergy (AU) equals the sum of the heat energy (Q) entering the
system and the work done (W) on the system. If the system releases heat or does work on
n
something else, the change in internal energy equals the sum of the heat released and the

R A )
work done. The total energy is conserved.

8



AU=Q+W

B il Ed 0}
61. FHEIBIE(L 5 ¥ EHTW) = [sochoric process = a thermodynamic process that happens at a

— & o

constant volume. No work is done on or by the system

Y Vil =3

62. EEIBIE(E 5 HDH T W) = [sobaric process = a thermodyhamlc process that happens at a

— & o

constant pressure. Work is done when the volume of the gas changes.

B

63. ERBE(L 5 BANTW) = Isothermal process = a thermodynamlc process that happens at a

T oo

constant temperature. Work is done when the volume or the pressure changes. If the temperature
is constant, the internal energy does not change.
# 5 2
64. WTEBFE (72 A 1a DA T \\) = Adiabatic process = a thermodynamlc process that happens when

no heat enters or leaves the system. The work done relates only to changes in internal energy due
to a change in temperature.

65. ELEBAB(H B4 2L 5 Y & 5) = Molar heat capacity (c,) = the amount of heat that increases

17 "
the temperature of 1 mol of a substance by 1 K.
[Slunit: J / K]

66. EEEILARE(CWEZEH B DL Y &£ 3) = Molar heat capacity at constant volume (Cy) =

— E O

the amount of heat that increases the temperature of 1 mol of a substance by 1 K at constant
volume. This is an isochoric process, so no work is done.
[Slunit: J / K]

67. TEEELBRE(CTWHDOH B DL D Y & D) = Molar heat capacity at constant pressure (Cy) =

— E O

the amount of heat that increases the temperature of 1 mol of a substance by 1 K at constant
pressure. This is an isobaric process.
[Slunit: J / K]

68. tkRARE(VO DL S Y & 5) = Specific heat capacity (C) = the amount of heat (J) that increases

the temperature of 1 kg of a substan‘ce by 1K=1°C
[Slunit: J / (g - K)]



% EM
69. ¥ A V—DBEFRA(E WL —DhALF WL E) = Mayer's relation = an equation that shows the

— E O

relationship between the heat capacity at constant pressure and at constant volume. It was named
after the German scientist Julius von Mayer.

Cp_CV=R

- o

=4
70. LEEVEE (D 42D 1Y) = Specific heat ratio (y) = the ratio of the specific heat capacities at constant

pressure and constant volume.
[Unitless]
VY= &
Cy

7. K7 OAEBRK(ETHZADIE S TWL X) = Poisson's formula = the adiabatic equation = an

.

E
equation that shows the relationship between pressure (p), volume (V) and gamma (y). Gamma is

24
the ratio of the specific heat capacities. Poisson's formula was named after the French physicist
Siméon Denis Poisson.
p - V¥ = constant

72. B A 7L (flaD X W< %) = Heat engine cycle = a process where a heat engine takes in heat
& B K
(Qn) from a hot reservoir, does an amount of work (W), and then gives out heat (Qc) to a
{5 il B

cold reservoir.

54
73. #3hFK(1a> Z 5 Y D) = Thermal efficiency (e) = the ratio of the work that a heat engine does

=) i 0 b2}
(W) to the heat (Qn) that it takes in from the h%t reservoir.
[Unitless]
W
e =—
Qu

74. BAFE R (DY) EALFZWITIE S Z <) = Second law of thermodynamics:

Heat moves or transfers from a hot object to a cold object, and natural processes tend to
B AR 0 B M B 0 B~ . BB B
move from order to disorder. A closed process or device cannot convert an amount of

heat completely into work.

L M & *
75. T bAE—(RA & AU—) = Entropy (S) = the amount of disorder of the energy in a system. If

the energy in the system is more spread out, it has a higher entropy. Entropy always increases in a
real system (e.g., a heat engine). Entropy was introduced by the German scientist Rudolf J Clausius.
[SI unit: J / K]

10
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Transmission and Interaction of Waves

76. FmE (£ A) = Wavefronts = lines that represent the peaks and troughs of a wave in 2-D space.

[N 4
The wavefront is perpendicular to the direction of the wave’s motion.

77. FEDE (~ W A L) = Plane wave = a 3-D wave with wavefronts that are plane surfaces. The

L 74
surfaces are flat, nearly straight, and perpendicular to the direction of the wave’'s motion.

78. IKEIR(Z w 5 8 AlE) = Spherical waves = circular waves (e.g., sound waves) that spread out in a

circular shape.

79. }#2(Z 5 € A) = Ray = a straight line that shows the direction of the wave's motion. The ray is

=8 b
perpendicular to the wavefront.

(5 il
80. HDTFH (A DMA L & 5) = Interference of waves = an interaction that happens when two or

more waves move at the same time and in the same place.

81. HDEHE S T H(IADDODLOHH 5 M A L &£ ) = Constructive interference of waves = an

(5 il iy
interaction where the crest of one wave is in the same position as the crest of another wave. When

constructive interference happens, the waves join together. The result is a new wave with a larger
Eis & n G A
amplitude that is the sum of the original amplitudes. The two waves must be exactly in phase.

8. BDFHH 5 FTH(BADIHHBH 5 A L & ) = Destructive interference of waves = the

in
opposite of constructive interference. Destructive interference happens when the crest of one
%
wave is in the same position as the trough of another wave. The waves join together, and the
1’ L
result is a new wave with a smaller amplitude. If the amplitudes are equal, the waves cancel each

it iz e
other out. The two waves must be exactly out of phase.

83. KA~V ZXDFEEB(IZTWLAATDIFAY) = Huygens' principle:

- /S i vx—7 Ly bk UNE) ES

- 3 JT i
Every point on a wavefront can cause secondary waves or wavelets (elementary waves).
The wavelets move forward at the same speed as the wave. The line tangent to a wavelet
shows the position of the new wavefront.

11



84. AGIA(IZw 5 L »H <) = Angle of incidence (8) = the angle between a wave and the line

A 4
perpendicular to the surface that it hits.
[SI unit; °]

% 5] W
85. XEIA(IX A L % 1<) = Angle of reflection (6;) = the angle between a reflected wave and the

e b
line perpendicular to the surface.
[SI unit; °]

86. RETDERI(IFA L »DIE S % <) = Law of reflection:

When light reflects from a surface, the angle of incidence is the same as the angle of
reflection.

87. JEITIH (K » ¥ DIL) = Refracted wave = a wave that is produced when light moves at an angle
28 " i R
from one medium to another. The speed, direction, and wavelength can change, but the
Ho %
frequency always stays the same.

88. JEITA (K &2 <) = Angle of refraction = the angle between a refracted wave and the line

=8 b
perpendicular to the surface.
[SI unit; °]

24
89. JEITZE (L o2 V) D) = Index of refraction (n) = absolute index of refraction = the ratio of the

s

H % 2o B
speed of light in a vacuum to the speed of light in a medium.
[Unitless]

c
n=-—
v

90. BT (Z 5 =L < > 8D D) = Relative index of refraction = the ratio of the index of

I T R4 A& T 2 B B
refraction of the refracting medium to the index of refraction of the incident medium.
[Unitless]
n;
n=-—
ny
91. BT DR 2B 2DIF S Z L)/ ARINDERR(FTHRBDIES % <) = Law of refraction (Snell's

law):

"
The speed of light waves in two media is related to the angle between the wave and the
boundary.

12



sinf; v; n,

sinf, v, n

92. [El¥fT (AL D) = Diffraction = a change in the direction of a wave that happens when it meets

[ - i fe

an opening, edge, or obstacle.

93. v 77 —3hE(E>.385— 2 5 ») = The Doppler effect = an observed change in a wave's

A ¥ & IR wmowm &
frequency because of relative motion between the source and the observer.

Light Waves

B i3 i3 U ES sk i3
94. ¥ (U Y)) = Light = an electromagnetic wave, for example visible light, infrared, and ultraviolet.

KL ¥ Jt +
We can treat light as a wave or as a beam of particles (photons). A light wave is a changing

s

T % e H
electric and magnetic field. Light can travel without a medium, and it moves more slowly in a
medium. The speed of light without a medium is about 3 x 102 m /s.

95. BRSRA (Y AhWLh <) = Critical angle = an angle of incidence that has an angle of refraction of
90°.
[Si unit: °]
. nT
sin Ocpiy = —
i

N . . . . ﬁ% . %’f
9. &5 (T A LA L ) = Total internal reflection = complete reflection of a wave in a medium.
=8 b BE s
This happens when the angle between the wave and the line perpendicular to the boundary is
greater than the critical angle. Total internal reflection only happens when light goes from a
medium with a higher index of refraction into a medium with a lower index of refraction (e.g.,
from water into air).

97. D HE(ON Y DA X A) = Dispersion of light = a process where light separates into
zTh £ h o jia F=s
individual wavelengths. It occurs because the index of refraction depends on the wavelength of

the light.

4 i
98. Y b (F =L & B) = Spectrum = a pattern (disicribution) of specific light wavelengths. A

. %o 0 A7 oo . . L) G ) .
material's absorption spectrum shows which wavelengths it absorbs, and a light source's
o A S 7 o o

emission spectrum shows which wavelengths it emits.

99. BH&X(IE < L £ < Z9) = White light = light that seems to have no color, for example sunlight.

4 R
White light is actually a combination of waves with different wavelengths of visible light.
13
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i3
100. EeF(72A L & < T 5) = Monochromatic light = light with only one wavelength.

Monochromatic light is difficult to make, although it can be made using filters or lasers, with
varying purity.

101. BfER 7 bIL(EH X 7 kL) = Continuous spectrum = a spectrum with no gaps over a

i3 B3 &l B o Bk
wide range of wavelengths, for example rainbows and incandescent light bulbs.

102. ¥ A7 FIL(H AT L & B) = Line spectrum = the opposite of a continuous spectrum. A

i3 & RF 5y i
line spectrum has very specific wavelengths. Different atoms and molecules have their own
characteristic line spectrum.

103. XDOEEL(OM Y D & A b A) = Scattering of light = an effect that happens to sunlight on Earth.

K = A i L) G )
Light enters the atmosphere and hits gases and particles. The gas absorbs the light and re-emits it
i3 & wiE s h 2
in different directions. Short wavelengths are scattered more, so blue and green light scatter more

than red and yellow light. When we look at the sky, we only see the scattered light. This is why the
sky is blue (human eyes are less sensitive to violet light, so the sky does not appear violet).
Sunsets are yellow and red because scattering removes blue light when it travels through more
atmosphere. Clouds are white and grey because the water drops are large enough to scatter all

i3 &
wavelengths of light.

o - i i . L I
104. /@Y (~A Z 5) = Polarization = a process that makes light waves oscillate in only one
i i3 it #
direction. Only transverse waves can be polarized. Longitudinal waves, for example sound, cannot

be polarized.

105. &£ LY X(Lw 5 ZINAT)/ML v X(EDNAT) = Converging lens = convex lens = a lens
that curves outwards on the surface, so that the middle is thicker (e.g., a magnifying glass). When
- 17 # )i
paraI1IeI light waves hit a converging lens, they all move toward the focal point. These lenses can be

b3 H
used to correct far-sightedness.

106. FEL > X(IE> TANAT) /ML > X (5 1A T) = Diverging lens = concave lens = a lens

AT
that curves inward on the surface, so that the middle is thinner. When parallel light waves hit a
diverging lens, they move away from the focal point in different directions. These lenses can be
i H
used to correct near-sightedness.
107. XFF (2 5> H < B w 5 L A) = Optical center = a point at the center of a lens. When light

goes through the optical center, it keeps moving in a straight line.

14



108. 81(Z 5 L <) = Optical axis = a straight line that passes through the optical center and the

iy ih
center of curvature of a lens.

wo® 35 2
109. £ (L & 9 TA) = Focal point = a point on the optical axis where light converges or appears

to come from.

110. £ SEEBE(L & 5 TAZ & Y)) = Focal length (f) = the distance from the focal point to the

optical center.

[SI unit: m]

1 1
"4,

|

LI B}
111. ER(L 2% ) = Real image = an image that is formed when light waves converge. A real

] A
image can be projected onto a screen. The image is usually inverted, and it can be larger or
smaller than the object.

® W T D

112. ER(Z £ £ ) = Virtual image = an image that is formed when light waves appear to diverge
w5

from a single point (e.g., a diverging lens). A virtual image cannot be projected onto a screen. The

image is usually erect, and it can be larger or smaller than the object. The image made by a plane
mirror is virtual, erect, and reversed.

=4
113. fZZE (X Y) D) = Magnification (M) = the ratio of the size of the image to the size of the object.
[Unitless]

114. FEEB(~NWSDA E £ ) = Plane mirror = a mirror that has a flat and smooth surface.

115. BREHE(Z w > HA E &£ 5) = Spherical mirror = a mirror that has a curved surface. The surface

ik ] & 1] ] ik
curves either toward the viewer (a convex mirror) or away from the viewer (a concave mirror).

116. V> T DOFEERER(PCACDONAL & 5 Lo FA) = Young's interference experiment = Young's
Double-Slit Experiment = a significant experiment that was done by the British scientist Thomas
Young in 1801. Young passed sunlight through two very narrow slits, which were very close to
each other (a similar distance to the light's waig\i/elenéth) toward a screen. He expected to see two
bright lines on the screen. Instead, he observed intgrferenge pattﬁrns. Bright frirﬁ_ges appeared

where constructive interference occurred, and dark fringes appeared where destructive interference
occurred.

15
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117. EITH&F (A WD Z 5 L) = Diffraction grating = a device that has many paraI1IeI, equally
ST B
spaced slits. This device disperses light into separate colors due to diffraction and interference.

Diffraction gratings can be made using light or by scratching a surface using a diamond-tipped
tool.

118. #FEH(Z 5 L TWI ) = Grating constant (d) = grating spacing = the distance between
each slit in a diffraction grating.
[SI unit: m]
n-A=d-sinf

7] oL

> "
119. =2 —F> U 7w —EAY AL) = Newton rings = concentric rings of light that appear
LI NI
when a convex glass surface is placed on a flat glass surface and is lit from above. Newton rings

appear because the waves that are reflected by the top and bottom surfaces interfere with each
other.

Electricity and Magnetism

Electric Fields and Electric Potential

[ .1 RF
120. IEEf (2 L " TA D) = Positive electric charge = a region or an object (e.g., an atom) that has

BT w7
more protons (usually shown with a (+) sign) than electrons (usually shown with a (-) sign). In
it i slE 2 S e )
atoms, the proton has a positive charge. It attracts negative charges and repels other positive

charges.
[SI unit: C]

121. &R (S TAND) = Negative electric charge = the opposite of a positive electric charge. A
I WF & T
negative electric charge is a region or an object (e.g., an atom) that has more electrons than
B + HF slE 2 K% 5
protons. In atoms, the electron has a negative charge. It attracts positive charges and repels other

negative charges.
[SI unit: C]

122. BR2RTFA(TAZTY & 513ZF A% <) = Principle of conservation of charge:

When a charge transfer happens, the total electric charge in the system does not change. In
£ E o B &

a charging process, charge is never created or destroyed in the system.

16



123. B EXICET 27 —A Y OEB(HEWTAZICHAATEL—BADIES Z<) = Coulomb's law

of electrostatic force:

(Hh5Lo) i
The electric force between two charged points is directly proportional to the product of the
W 3 =4 #il 2 F
amount of charge and inversely proportional to the square of the distance between the

points. This is similar to Newton's law of universal gravitation.

ke qi-q;

F= 2

C

W . . ﬁﬁ . jgz ﬁ JT -% . . .
124. BH(TA L) = Electric field = a region around a cﬁarged particle or object. In an electric field,

an electric force acts on any charged particle or object placed in the fiﬁld. The strength of the field
is written as E.
[SI unit: V / m]

F=q-E

EE

125. BEEN Y FIL(TAIER L & B) = Electric field vector (E) = a vector (a value with a m\agnituae

Ui 171
and a direction) that describes an electric field. The direction of the vector is the direction where a

o
charge is pushed or pulled if it is placed in the field. This direction is always toward or away from
WD TE & 7o TN D SR

the source charge.

126. BHEOEREGHEDFREB(TAILDOA I RBHEDITAY) = Principle of superposition of

electric fields:

& o Fn
When there are more than two charges, the total force on a charge is the vector sum of the
forces on it due to the other charges.

BB ko

127. B NHR(TA E Y T A) = Electric field lines = lines of force = imaginary lines (straight or

s

[ Y
curved) that show the vector nature of an electric field. These lines always point from positive

s oEOpR R
charges to negative charges or, if there is only one charge, from the charge to infinity (if the
charge is positive) or from infinity to the charge (if the charge is negative). The field line always
points in the same direction as the electric field (and therefore the electric force). Field lines are

#woE L &

=8 b
always perpendicular to the surface of charged objects. They never cross each other. The denser
the lines, the stronger the field.

128. =R REBH (Wb & 5 B TAIR)/H—EH(E A WD TAIL) = Uniform electric field = an electric

ary Ty —

F 17
field (e.g., between two parallel plates of a capacitor) with the same strength at all points. The

magnitude and direction of the field E are the same at all points.

17



129. BAL(TA L) = Electric potential (V) = the electric potential energy per Coulomb of cﬁarge.
[Slunit:V =J/C]

U
V==
q

130. FEBME(E 5 TAW® A) = Equipotential surface = a surface where every point has the same

potential, so the potential difference between any two points on the surface is zero (e.g., the

Ei=s

g I3
surface of a conductor when the charges are at rest). No work is needed to move a charge on the

=8 b
surface. An equipotential surface is always perpendicular to the electric field at any point.

131. EEBR(E 5 TAWH A) = Equipotential lines = lines or curves that show the amount of

[ .
electric potential in a given region. They are always perpendlcular to the electric field. They are

usually represented by dashed lines (---) instead of solid lines (which are used for Electric field
lines).

[Ed
132. BHEBF(L W 5 TA L) = Free electrons = conduction electrons = Electrons in a conducting

(ISP A=Y (N ] BT
material (e.g., a metal) that are bound Weakly to the nuclei and can move freely inside the

material. Free electrons move quickly toward a positive charge and move quickly away from a

RS H i3 O S
negative charge. A semiconductor has fewer free electrons and an insulator has almost none.

133. BBEFE(E LW TA W S & 5) = Electrostatic induction = a method of charging a neutral object

by using a charged object and a ground (earth). A charged object is moved near a neutral

1S
conductor without touching it. Free electrons in the neutral object move closer to or further from
the charged object inside the neutral object (depending on whether the charge is positive or

mHsak
negative). This is called an induced charge at the two ends of the neutral object When the object
7 = A&z

is grounded (earthed) using a wire or pipe leading to the ground, many eIectrons move into the
ground if a negatively charged object is moved close to it. The wire is cut and the negatively
charged object is moved away. This leaves a positive charge on the original neutral object.

134. SERERR(IZ < IFATA ) = Leaf electroscope = a device used for detecting electric charge and

fii [
for determining polarity.

L s
135. 7 — X (% —9) = Ground = earth = a very large source of electrons (usually the ground) which

can give or take electrons from a charged object when they are connected. The ground can be
used to neutralize a charged object. Electrical plugs in the UK and some other countries have a
third pin which acts as a ground.

18



136. EXUER(TA Z L » ~\\) = Electric shielding = electrostatic shielding = an effect that happens

oz o

inside a hollow conductor (a Faraday cage). The inside of the conductor is not affected by the
electric field on the outside, so the electric field strength is always zero even if there are charges

outside. Electric shielding only happens when the conductor is kept at a constant potential.
Because of electric shielding, the inside of a car is usually safe during a lightning storm.

i i
137. B BFE (2 LW TANWT D) = Electrostatic equilibrium = the state of a conductor when all of

K% 0
the free charge has moved as far as possible to reduce the total amount of repulsive force. When
a conductor is in electrostatic equilibrium, the charges do not move.

i i3 5 £
138. BIR(TA Z & <) = Electrode = a conductor that can give or take electrons (e.g., in a battery or

Ei=s
5

ES i

a semiconductor). A positively charged electrode (which takes electrons out of the device) is called
7=k

an anode and a negatively charged electrode (which gives electrons to the device) is called a

JY = K

cathode

139. 3> 7 »H#—(Z ATA X —) = Capacitor = condenser = a device that stores electric charge and

energy (e.g., in computers or a camera flash). A capacitor is usually two conducting plates that are
placed parallel to each other without touching each other. Capacitors are used in many electronic

A A G G4

devices, for example condenser microphones.

140. A>T v —DFEBE(ZATAI—DLw 5 TA) = Charging a capacitor = a process that

stores charge and energy in a capacitor. First, a battery creates a current (sending eIectrons from
the negative terminal), which is used to move electrons to the right-side plate of the capacitor.

K% %
This makes a strong negative charge on the plate. The charge repels the same number of

W T
electrons from the left-side plate; these electrons move toward the battery's positive terminal.
Soon, a large number of electrons are on the right-side plate. This negative charge repels

7 (/L

electrons in the C|rcu|t so the current stops. The voltage of the capacitor is equal to the voltage of
the battery, and the capacitor is fully charged.

141. 3> 7Y —DOME(ZATAI—DITS TA) = Discharging a capacitor = a process that
O a T Y-
removes charge from a charged capacitor. The battery is disconnected, and the capacitor creates

i

a current in the cwcwt The voltage between the plates slowly reduces to zero.

€
142. B#BAR2(EWTA L 5 Y & 5) = Capacitance (C) = a capacitor's ability to store chargge. This

value depends on the size, shape, position and material of the plates, and the dielectric.

[Slunit: F=C/V]
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143, #8551K (€ 2 X A 7=\)) = Dielectric = a sheet of insulating material (e.g., air or a solid material

such as plastic, ceramic or glass) that is placed between plates in a capacitor. This stops the plates
a v F vt —
from touching each other and aIIows the capacitor to have a small separation (d) between the

o

plates. This increases the capaatance due to the electric field strength between the plates

reducing in proportion with the dielectric constant (K). A higher capacitance allows charge to be
held at a lower voltage.

144. FEDB(P > TARA Z & <) = Dielectric polarization = a change in the position and

& B jic) % i3
orientation of charges that happens with an electric field in a dielectric material. The positive
charges align with the electric field and the negative charges align against it. This causes a shift in
charge distribution.

145. FEEZH (P 5 TA Y D) = Permittivity () = a value that measures how much a material resists an

WM+ = — A ¥ b
electric field. Permittivity occurs because dipole moments are created by a material's molecules

The molecules move to oppose the field.
[Sl unit: C/ (V- m)]

146. LLEEBEER (UKW 5 TA Y D) = Dielectric constant (K) = relative permittivity = the rat|o of the

permittivity of a material to the permittivity of free space. The dielectric constant is 1 for free space,
3.7 for paper, and 2-4 for vinyl.
[Unitless]

147. THEBE(7=WTAHD) = Withstanding voltage = the maximum voltage that a capacitor can

[ER L |

have (withstand). In a DC C|rcu|t this is called the worklng voItage and in an AC C|rcu|t this is called
the RMS (root mean square) working voltage.
[SI unit: V]

148. EFBERE(ZT 5B WVLWEWTA L S Y & 5) = Combined capacity = the total capacitance of a

circuuit. In a parallel circuit, this is the sum of the capacitance of each capacitor. In a series circuit,
this is the reciprocal of the sum of the reciprocals of each capacitance.
[Slunit: F=C/ V]
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Cparallel =C+C++Cy

1 1 1\t
Cseries = (C—+C_+ +C_)
1 2 n

149. B#BE T 2L ¥ — (€L TA X125 & —) = Electrostatic energy (U) = the energy stored in a
capacitor.

[SI unit: J]

_Q-V_C-VZ_Q2

u 2 2 2C

Electric Current

150. EEET(TAHDZ 5 H) = Voltage drop = potential drop = the amount of voltage that is lost

= t

due to resistance (e.g., in the conductor or in a device like a light bulb). The voltage drop in a wire
O % B

depends on the current and the resistance.

[SI unit: V]

151 ABESIERERB(TWI 5 U DBA ETWT ) = Temperature coefficient of resistivity = the

i i *

w m % 1k F:
rate of change of resistivity when the temperature in the conductor changes. A semiconductor can

7 +
have a negative temperature coefficient because the higher the temperature, the more electrons
are free.

p=po(1+a(l—T,))

R =Ry(1+a(T —T,))

152. P2 —ILDFEI(Lw—2 DTS5 % <) = Joule's law:

i i 29 1l
When a conductor turns energy into heat, the heat is proportional to the resistance, the

2 ES
square of the current, and time.
Q=R-I*>-t

153. BAEH(TA Y w 5 13 L\) = Ammeter = a device that measures electric current. An ammeter

(A
must be connected in series and should have a very low resistance.

154. NERIEHL(AR LR TWZ 5) = Internal resistance = resistance inside the source of a current (e.g.,

® 0 E &
a battery or a generator).

[SI unit: Q]
21



155. % >~ FEHEE(L Y A ETWE 5 X)/EFRBEETZR(TAYw I ITALY DTV S X) =

Eid el L i
Shunt = shunt resistor = a parallel resistor which is used to measure high currents safely. It is
connected to an ammeter in parallel. It has a very low resistance, so the voltage drop is small and
it takes almost no energy.

156. EEET(TA ®HDIFLY) = Voltmeter = a device that measures voltage. A voltmeter must be
A 1|
connected in parallel and should have a very high resistance.

157. BRET(IF A Y w 5 17 \N) = Galvanometer = a device that measures small electric currents. It can

b 51| A}
be used with a shunt in parallel to measure the current or in series to measure voltage.

158. &3 23 (I L\ ) D F) = Multiplier = a device that allows a voltmeter to measure greater voltages.

AT}
A large resistor is connected in series to extend the range of measurement.

159. BN (Z TA Y &£ <) = Emf (of a source) = electromotive force = € = the voltage between the

it + ER
terminals of the source when there is no current. This is the maximum voltage that the source can
apply. It is not actually a force, but a potential difference.
[SI unit: V]

C C

160. i FEBIE(7=A L TA D) = Terminal voltage = the voltage of the source of current (e.g., a

I
battery) across its terminals. If there is no current, the terminal voltage is the same as the

Y F
electromotive force (emf). If there is a current, the voltage is given by the below equation.
V = & — I " 1"0
161. F)Lbky 7DHRBN(E D MME>S5DI(FES Z <) = Kirchhoff's laws:

by w

At any junction point, the sum of the currents that enter the junction equals the sum of the
currents that leave the junction. This is also called the junction rule.

74

i [CIR
Il. The sum of the changes in voltage in a closed loop of a circuit equals zero. This is also

8=ZRi'Ii
i

X N < . . #
162. FA—FX b7V v P(IF0—EF EARY 5 L) = Wheatstone bridge = a circuit connected

called the loop rule.

B A w®oH
in bridge form that measures an unknown resistance (e.g., due to a temperature change). Usually

FEE 7N+
there are two resistors (R; and R;) with known resistances, one resistor (R3) with a variable
22



WO IR B8
resistance, and one resistor (Rx) with an unknown resistance. The variable resistor (rheostat) is

adjusted so that the voltmeter (generally a galvanometer) shows 0 V (so that the bridge is
balanced). Because three of the resistances are known, the unknown value can be calculated.

Rz'R3
Ry = R
1

163. BAIEFTH(TA WX I} Y) = Potentiometer = a variable resistor that can be controlled by moving

# "
a contact. Because of this, it can be used to increase or decrease the voltage output.
Potentiometers are used in devices like audio or video equipment to control volume. It can be
used to measure electric potential (voltage).

164. JERFAEIL (O A LT UL T U2 5) = Nonlinear resistance = a resistance that changes when the

i

voltage or cﬁrréat in the cimrcdgit changes. It is called nonlinear because the graph of current against
voltage is not a straight line. There are many causes, for example a change in temperature due to
the current.

[SI unit: Q]

Ea - IZS
165. IEFL(E L2 5)/HR—IL(I1Z— %) = (Positive) hole = a charge carrier in a semiconductor that has

" A +
a positive charge. A hole has the same amount of charge as an electron but the opposite sign

fii [
(polarity), and moves from plus to minus.

166. FEERANDOBMIBIER(LAE S ZLWAEWVWDTANTATZW)/BaFx v )V T7—(TANE > ) H—)
= Charge carrier in a semiconductor = an electron or a hole that moves charge in an electric
[ G N
current. In a metal, the charge carriers are electrons; in a gas, they are electrons and positive ions;
B [ R

w o H W :
in an electrolyte, they are positive and negative ions.

167. EMFEE(L A WIZA E S 72W) = Intrinsic semiconductor = a chemically pure material (e.g.,
o4 F# L= = v A H + H %
silicon or germanium) that has an equal number of electrons and holes and is a poor conductor.

/N e )
At room temperature, thermal energy can excite electrons so that they move to the

& i #
conduction band. This gives the intrinsic semiconductor some conductivity. As the temperature

Mo

= i ki3 [ : f
increases, more electrons can enter the conduction band, so the conductivity increases.

>, > o~ . . . :JL . );éF fA&
168. A ER(S L w AR DIZA E D 7=UN) = Extrinsic semiconductor = a semiconductor that

KoM F—=vr7

has a small amount of impurities, caused by a process called doping. Doping improves the

& +
conductivity of the semiconductor by adding a material with more electrons (for an n-type
semiconductor) or holes (for a p-type semiconductor).
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B i3
169. n BIEBIR(Z ah' =1L A £ 5 72\ = n-type semiconductor = a semiconductor material where

& T
most of the charge carriers are electrons.

*H

B i3
170. p BEEBER('—H 72 1EA E 5 72LY) = p-type semiconductor = a semiconductor material where
most of the charge carriers are holes.

i

171. B5R (WY w 5) = Rectification = a process that converts aIter?wating current (AC) into

[ it
direct current (DC) using a device like a diode, which allows current in only one direction.

7 T 5

172. £ 4 4 — R(#2\ 25— &) = Diode = a device that conducts electric current in only one direction.

b

¥ i i3
Diodes are made of semiconductor materials (e.g., silicon or germanium) and they have two

7 i
electrodes. The positive electrode is called the anode and the negative electrode is called the
cathode.

> = . . 5 R
173. p-n FEE (X=X DT 5) = p-njunction = p-n = a boundary between a p-type and n-type
material. Current can only flow in one direction at a p-n junction, so it forms a diode. Current flows

L s
from p to n, but electrons flow from n to p.

174. EAEINA T Z(Lw AlED Z 5180\ 9) = Forward bias (forward biased) = a state of a p-n

ok Ui +
Jjunction where the p-type region is connected to the positive terminal of a voltage source (e.g., a
battery) and the n-type region is connected to the negative terminal of a voltage source. Some

oA W

& T % o #
electrons in the conduction band of the n-type region diffuse across the junction, and have a
higher energy than the holes. The electrons and the holes combine, which allows a forward
current through the junction. The current increases with the increase in voltage.

175. EAMNA T Z(E» IEFH T HI1EWWHT) = Reverse bias (reverse biased) = a state of a p-n

[ 1 Ui +
Jjunction where the p-type region is connected to the negative terminal of a voltage source and

7 +
the n-type region is connected to the positive terminal of a voltage source. electrons and holes

]

are pulled away from the junction, causing a temporary current. The depletion layer becomes
wider, which causes a potential difference. When this voltage equals the voltage of the voltage
source, the current stops (except for the small thermal current).

N~ ~ . . . ﬁE .jgz
176. 22 JE(< 51X 5 % ) = Depletion layer = Depletion region = a layer or region where holes and

7 +
electrons combine to reduce the number of conducting holes (in the p-type region) and electrons
(in the n-type region). Due to this, the majority charge carriers are removed, so conduction cannot
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happen. The depletion layer has a barrier potential (e.g., 0.7 V in silicon or 0.3 V in germanium),
which is the minimum voltage needed to cause a current.

N ~ > . . . j% . %
177. b 7> 2 &(& B A L9 72) = Transistor = a small electronic component with three terminals
WO B
(usually made of silicon) that controls or amplifies current. It acts as a switch or gate for electronic

2 ERR
signals. The three terminals are called the base the collector, and the emltter Modern

microprocessors contain tens of millions of transistors.

178. NAR—=Z b TV RZ(UEWIFT— 5B & 5 A L9 72) = Bipolar junction transistor (BJT) = a type

[

of transistor that can be npn-type or pnp-type. An npn-type BJT has a very thin p-doped region
between two n-doped layers, and a pnp-type BJT has a very thin n-doped region between two p-
doped layers. BJTs were important in the early development of computer technology.

179. 3818 (Z 5 3. <) = Amplification = a process that increases (multiplies) a current using a

i & +
transistor. First, a current is applied to the emitter of an npn-type transistor. Electrons move to the

K% 5
p-type base, filling the holes. This creates a negative charge which repels more electrons from the

emitter, so the transistor stops conducting. Then, a small positive current is applied to the base,
which produces more holes. This allows electrons to pass through into the collector. The strength
of the current that flows into the collector depends on the number of holes created. The current in
the collector can be hundreds of times greater than the current in the base, so the transistor is a
powerful amplifier. The small base current becomes a high collector current. A signal (any change

in current) in the base current also appears as a Iarger change in the collector current. The
24 141 [2) 5 A v
proportional increase in the current is called the ampllflcatlon factor or the "gain" (B).

Ic=p"1Ig

i

&l
180. E£EFERIEE(L w 5 & EH L A) = Integrated circuit (IC) = microchip = a small electronic circuit

pi=g

¥ *®
(chip) made of semiconductor material (wafer). An IC can be used as an amplifier, oscillator, timer,
counter, computer memory, or a microprocessor. Integrated circuits are used in computers, audio
and video equipment, and other devices. There are different types of /C, depending on how many

transistors and other components they have. ICs containing thousands of components are called
th Bl i %
medium-scale mtegratlons (MSIs) and ICs contalnlng hundreds of thousands or millions of

M FOW
components are called Iarge scale mtegratlons (LSIs). Modern computers, smartphones and

game consoles contain many billions of transistors in their chips.
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Electric Current and Magnetic Field

L

181. Wi (L AY)/BS=E(LC & Y &£ 5) = Magnetic charge = a property of a magnetic monopole that
is similar to electric charge but causes a magnetic force. Magnetic monopoles are not found in

3 At 2]
nature and have never been observed, so the magnetic charge is a hypothetical property. There
are some experiments to search for magnetic monopoles today, including the ATLAS detector in
the Large Hadron Collider at CERN in Geneva (the same detector that found the Higgs particle).

182. Wi HICBET 27 —mrDEBI(LY £ KICTHATEL—AADIED %) = Coulomb's law of
magnetic force = a version of Coulomb's law of electric force. It shows the force that acts on two
magnetic charges.

~ 7 bk

183. Hi3H~ 2 FIL(LIERL & B) = Magnetic field vector (B) = a vector that shows the strength and

direction of the maznetic ﬁeld (B). The vector points in the same direction as a compass needle. A
longer vector represents a stronger magnetic field. The vector always points in the same direction
as the magnetic field lines.

[SI unit: T]

% ko

A
184. Wi H#R (L V) & < A) = Magnetic field lines = imaginary lines that show the direction of the

maznetic ﬁeld at different points. They are always closed curves that never cross over each other.
The lines point from a magnet's north pole to its south pole outside the magnet, and from the
south pole to the north pole inside the magnet. Near the poles, where the field is stronger, the
field lines are closer to each other.

185. 7L T T DEFOER(INAACDOTY TDIE D Z <) = Fleming's left-hand rule = a way

H & 5
to show the direction of the force on a conductor that has a current, when the current is at a

riguht an?gle toa magnetic %ﬁ?eld. The thumb, index finger and middle finger are placed at right
angles. The index finger points in the direction of the magnetic field, and the middle finger points
in the direction of the current (from positive to negative). The thumb shows the direction of the
magnetic force. The order from thumb to middle finger is “F-B-I".

186. B (& 5 L V) D) = Magnetic permeability (u) = the ability of a material to contain a

L3 % W i L3 &
magnetic field. This also shows how much induced magnetism will occur when there is an external
magnetic field.
[SI unit: Wb / (A - m)]

187. LbBHER(O & 5 LY 2) /M EREE(Z 5 7= & 5 WL Y D) = Relative permeability () = the

29 2 %
ratio of the magnetic permeability (1) in the material and the permeability of free space (uo). It

26



shows how much the magnetic field strength increases or decreases when induced magnetization
occurs in the material (when placed in an external magnetic field). The value is 1.000037 in air,

TN =T A i)
1.00000043 in wood, 1.000022 in aluminum, and 0.999994 in copper, and 260,000 in iron (a
magnetic material)
[Unitless]

T-m
=4n X 1077 ——
Ho T A

H:ﬁ
" Ho

A > . . w}: '|$ {K' .
188. #i1t. (L #H') = Magnetization = the process that turns a magnetic material into a magnet

(temporary or permanent). It can be induced by an external magnetic field. Some materials
[ S A O (N (N S G N
(ferromagnets) remain magnetized permanently. Others (paramagnets) lose their magnetization
3 23 [ I3
when the external field is removed. There are also diamagnetic materials, which create a magnetic

field in the opposite direction to the external field.

189. MEGMEAR(Z & 5 L UL 72\L) = Ferromagnetic material = a material (e.g., iron or nickel) that

3 b 23 i
becomes strongly magnetized in the direction of an external magnetic field. The material can stay
magnetized even after the external field is removed.

s

L7 (=3
190. EHGMEMA(L &£ 5 L L 72W) = Paramagnetic material (substance) = a material (e.g., aluminum

23 it 3 5
or air) that becomes weakly magnetized in the direction of an external magnetic field. It does not
stay magnetized when the external field is removed.

i

L7 H
191. KEGMHEAR(IZA LE UL 72 \W) = Diamagnetic material (substance) = A material (e.g., gold, copper

T it T %
or water) that becomes weakly magnetized in the opposite direction of an external magnetic field.

192. R (L % <) = Magnetic flux (@) = a value that shows the total magnetic field that passes

through a given area. This depends on the strength and the size of the field.
[SI unit;: Wb]
®=B-A

193. BB DRE(CIED X & 5 &) /HFEE(LHWE & 5 &) = Magnetic field strength (B) = BiER %
E(LC % < &2 E) = magnetic flux density = a value that shows the magnetic flux per unit area
=8 b =8 b 3 5 3 K # 4
(per 1 m?) at a right angle (perpendicular) to the magnetic field lines. Mggnetic flux density can be

% 7 it
measured using a magnetometer.

[SIunit: T = Wb / m?]
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194. A—L Y A(A—NADY & <) = Lorentz force (F) = the force exerted on a moving charge
53 5 [EA b
by a magnetic field. It is at a right angle to the magnetic field and the direction that the charge
moves in. We can use the right-hand rule to show the direction of the Lorentz force. The force (F)

depends on the electric charge (g), the veIochty of the charge (v), the magnetic field strength (B),
and the angle between v and B (). In the right-hand rule, the thumb is the direction of the
charge, the index finger is the magnetic field direction, and the middle finger is the direction of

the force. If the charge is negative (e.g., an elictrén) the force direction is opposite. The speed of
the electron doesn’t change, only the direction, because the Lorentz force does no work on the
charge. The force is always perpendicular to the motion of the charge.
[SI unit: N]

F=q-v-Bsinf

"

195. R —ILEHR(F—2 Z 5 H) = Hall effect = an effect that occurs when a charge moves in a

3 5 [EX 4
magnetic field. A magnetic force acts on the charge, at a right angle to its movement. It pushes

the charge to the side of the cé?duc{jcgor. The Hall effect moves charges to one side of the
conductor, so there is a voltage (called the Hall voltage) between the two sides. The Hall effect
demonstrates the Lorentz force. The voltage can be measured to calculate the magnetic field
strength.

196. 7 7 7 T — DEHZEEDERI(3 6 5 T—DTALWYS E5DIF 5 % <) = Faraday's law of
induction:
When a changing magnetic field acts on a circuit, an induced emf is created. The induced

Iz T ) 53 "
emf (g) is proportional to the rate of change of magnetic flux (®) through the circuit. It

depends on the number of turns (N) in the coil that causes the magnetic field.

B NAqb
&€= At

197. LY OERBI(MADDIE S Z <) = Lenz's law:

i

13 i 7
When a changing magnetic field field causes a current, the current creates a new magnetic

field, which opposes the original change in ﬁtuii. Note that there are two separate magnetic
fields. First, the changing magnetic field that causes the current, and second, the new
magnetic field that is created by the current. The second field opposes the change in the
first field. Lenz’s law gives only the direction of the new field, not the magnitude, so the
field is not completely opposed.
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198. ER(5 F TA Y w ) = Eddy currents = Foucault currents = small, curved currents that occur
i

T %
inside a conductor when there is a changing magnetic field. They flow in closed loops which are at

% E e
90° to the magnetic field. Eddy currents can be created with a transformer or by relative motion
= il
between the conductor and a magnet The strength of the current is proportional to the rate of
i R e ® o %
change of flux. It is |nverser proportlonal to the resistivity. Because of Lenz's law, eddy currents

create a new magnetic field that opposes the first field.

s #
199. FENEN (P 5 & 5 H4aD) = Induction heating = a process that heats a conductor (e.g.,

copper) usmg eIectromagnetlc |nduct|on without touchlng the conductor A changing

magnetlc f|eId is created by applying a high-frequency aIternatlng current to a coil. The conductor

is placed inside the field without touching the coil. The changing magnetic field creates eddy

23 &
currents in the conductor, making it hot. If the material contains iron crystals they are magnetized
and demagnetized many times at a very high frequency (not the frequency of the AC current). This

causes the magnetic domains to move back and forth, which also causes heat. Therefore,
magnetic conductors are heated much faster than non-magnetic conductors.

P -
s G

= N > ~ N~ . . . éfs E . .
200. B2FE(L 2w 5 £ 9) = Self-induction = a process that causes an induced voltage in a coil

T %
when the wire's current changes. The changing current creates a magnetic field which induces a
#
voltage in the same circuit.

201. BCA X7 X A(LZ WAL 72AT) = Self-inductance (L) = the raLttio of the self-induced

emf and the rate of change of current in the coil.

L=N-—

I
_ LAI
Y

202. HEZEE(Z 5 TS &) = Mutual induction = an effect that occurs when two coils are close

23 5 R N )
to each other. The first (primary) coil creates a changing magnetic field, which induces a changing

i

voltage and current in the second (secondary) coil.

wo#m 3 3

203. HEA > X0 & X (% 5 ZTWAT2L 72AF) = Mutual inductance (M) = the proportional

i

change in current in the secondary arcwt when mutual induction happens. The mutual induction

depends on the size, shape, number of turns, and the relative positions of the two coils, and

b: 3 [ i3 fFE T 2
whether iron or other ferromagnetic material is present.
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204.F8 ) 7o & R(P 5 ES5 Y B F=ATF) = Inductive reactance (X;) = opposition to a change

& it A4 v H 748
in current due to back emf, caused by an inductor. An inductor is an electrical component that

drops or supplies voltage to oppose changes in the current.
[SI unit: Q]
XL =w- L

205. B2 70 &R (&5 Y &5 Y HLT-AT) = Capacitive reactance (Xc) = opposition to

i i

aIternatlng current due to a capacitor.
[SI unit: Q]

. o . OB .
206. 1 v E—& > Z(WAU—72AT) = Impedance (2) = a circuit's opposition to
® o . PEIH/ ) T B R
aIternatlng current Impedance is caused by resistance and reactance in the circuit.

2

1
Z = R2+( L——)
@ wC

Quantum Physics

207. T U AV DERR(ZY A D L > FA) = Millikan experiment = a significant experiment that

"
was conducted by the American physicist Robert Millikan in 1909. In this experiment, the charge
A FAbEhiz
of an eIectron was measured for the first time. Millikan used an electric field to put ionized oil

drops in equilibrium against gravity, and calculated the charge by comparing the Coulomb force
with the gravitational force.

. N . BT
208. 7 K7/ ETN(RE S5 I£ADH TB) = Plum pudding model = an early model of the atom'’s

"

structure, created in 1904. All of the positive charge in a plum pudding atom is dlstrlbuted (spread

out) evenly in the volume of the atom, but the negative charge is contained in floating eIectrons.
The model was useful because it explained the overall neutral charge of the atom, but the later
Geiger-Marsden experiments showed that it was incorrect. The model was named after a dessert
that was popular in England at the time (also called Christmas pudding). The electrons in the plum

30



pudding atom are similar to the small raisins that are spread out in an actual pudding and the
positive charge is similar to the dough.

209. HAH— - *— ATV DERMD WA — - £—3F TAD L > 1FA) = Geiger-Marsden
experiments = 7% 7+ — FOBELEERR (L 33— ED XA LA L 2T A) = Rutherford

experiments = a significant series of experiments that were conducted by Hans Geiger, Ernest
Marsden and their professor Ernest Rutherford from 1908 to 1913 in Manchester, England. The

VAR A S A

experiments were conducted by firing positively-charged alpha partlcles at a small sheet of gold,

and measuring how the particles deflected. It was necessary to spend hours counting the particles
one-by-one. Geiger and Marsden were Rutherford’s juniors (Marsden was only 20 and was still a
university student), so Rutherford made them do this difficult job. Due to the plum pudding mode!,

they expected the particles to pass through the foil, because the particle never hits a dense réﬁgign
of cﬁarge. Most of the particles passed through, but they found that some particles were strongly
ée?lgcicLe?a. Moreover, some particles were Fe?lec?ea This was because a small number of the
particles passed close to a small volume of positive charge. Rutherford concluded that the aﬁio?n

%
must have a very small and very dense region of positive charge. He called it the nucleus.

210. 7 74— FORFER (L IS8 s —EDIFA L 1) = Rutherford model = an early model

KT
of the atom's structure that was created in 1911. The Rutherford model has a small, positive

7 +
nucleus, with the electrons far from the nucleus.

211, TORFEAB(IEF—HDIFA LHIFL) = Bohr model = an early model of the atorn's

Ei kS
structure, created in 1913. In the Bohr model, there is a small, positive nucleus, and electrons
JAREL TV T R L ¥ — #E AL
orbiting in energy levels at different distances. The energy levels were thought to be similar to the

BoE
kinetic energy of pIanets in orbit at different distances. This model was significant because it

& 7'|: I A
explained why hydrogen has an emission spectrum. It was named after the Danish physicist Niels

Bohr.

R OE D

212. TRILF—H[I(X 425 E— L w ALY = Energy level = a discrete amount of energy that an

" T T
electron can have inside an atom. According to the Bohr model, higher energy levels are farther
it + £
from the nucleus. Energy levels exist because of the principal quantum number. They are discrete

because this number always has an integer value.

& s
213. EEIREE(Z T L & 5 72\W)) = Ground state = the lowest energy level that an electron can

L G )
have inside an atom An electron in the ground state can enter an excited state if it absorbs a
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b ¥
photon with the same energy as the difference between the two energy levels. The change in

7T v s K oW % P
energy E depends on the Planck constant and the frequency of the photon v (the Greek letter nu).

AE = hv

214, FhEe REE(LWV & L & S 72\)) = Excited state = a higher energy level than the ground state. An

E O F ooF
electron in an excited state can go back to the ground state by emitting a photon with the same
energy as the difference between the two energy levels.

215. BH AT FIL(1£-> Z 5 < & B) = Emission spectrum = a pattern that shows the different
% E=3 K F
wavelengths of light that can be emitted from an atom. An unknown atom can be identified by
looking at its emission spectrum, since different atoms have different wavelengths of emitted light

(due to the energy levels of the elﬁzctro;ns.)
c=vi

216. RINA R FIL(Zw 5 Lw D § 2L & B) = Absorption spectrum = a similar pattern to the

%é;v‘:A\7l\ v W s oD
emission spectrum. An absorption spectrum shows the Wavelengths of light that are absorbed by

an atom An absorption spectrum can be seen when white sunlight passes through a cloud of gas
JA i %
(for example helium or hydrogen) in space. The atoms in the gas remove certain frequencies of

light because these photons have the same energy as the difference in energy levels in the atom.

L

Woak B A
217. #%F(Z 5 L) = Photon = a partlcle of light. It has energy but does not have a rest mass.
Photons always travel at the speed of light.

E =hv

218 KEN-HFOZEMH(IES-Y i 5 LDICLw 5 H ) = Wave-particle duality = wave-particle

7 it i
dualism = a principle that applies to matter under quantum conditions. It states that waves can
A ¥
act like particles, and particles can act like waves. Light has two natures: a wave nature and a
ot ¥
particle nature. The particle nature of light in wave-particle duality is the photon. In the same way,

& T
matter (e.g., electrons) can act as a wave in some situations (e.g., an electron microscope).

> N A ~o . £Z} g . & ES
219. F - 704K (E - &AW E) = De Broglie Wave = a wave of matter particles (e.g., an electron

¥ OB - kK F o Z #E #%
beam). Partlcles can act as a de Broglie wave due to wave-particle duality. It was named after the

French physicist Louis de Broglie.




220. XEE(Z 5 TA I 5 h) = Photoelectric effect = an effect that happens when light hits a

i IS %45
conductor and makes it emit an eIectron This effect can only happen in some materials (usually

metals), and the photons must have a minimum amount of energy. Although he is more famous
for discovering relativity, Albert Einstein won his Nobel Prize in 1921 for his research into the

photoelectric effect.

221. 77 v (S35 A < TWI 5) = Planck constant (h) = a constant named after the German

ot + A %
physicist Max Planck. It relates the energy of a photon to the frequency of the EM

(electromagnetic) wave.
h=6.63x1073 J-s

E—h _h-c
= v = 7

W @é: % . .
222. BFHRI b (TA LIZ S &) = Electronvolt = eV = the amount of energy that an electron gains if
a voltage of 1 V accelerates it. It is often used as a unit in particle physics. MeV (10° eV) and GeV
(10° eV) are also used.

w7
223. BEXIE(L 2V & 51> % A) = Mass defect = a part of the mass of protons and neutrons

i A L
that is changed into binding energy to make a nucleus Different |sotopes have different mass

defects. When the nucleus is formed, some mass is lost, so the partlcles become lighter. This is an

example of mass-energy equivalence.

224 fEET X NLF—(1FDZ 5 245 £—) = Binding energy = the amount of energy needed to

B F Ji
separate the protons and neutronsin a nucleus This is the same as the amount of energy created

by the mass defect The binding energy AE is related to the mass defect Am and the speed of light
% B

according to Einstein’s famous equation.
E=m-c?

AE = Am - c?

225 2RI (D & 5 Lw A D IF\WN) = Standard model = a model that attempts to describe all of

known physics It was confirmed in the 1970s. It includes three fundamental forces (the
BT/ AR EAER /R BN/ EAER/ BV
eIectromagnetlc force the strong nuclear force and the weak nuclear force) and three categories

ki 7 4 =7 b

of eIementary partlcles (quarks, leptons and elementary bosons) The standard model is useful
because it unifies (brings together) many areas of physics. However, it does not include gravity,
and it does not explain some phenomena in modern physics. Theories that are not part of the
standard model are called "physics beyond the standard model” (BSM).
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226. 7 # — 7 (< $—<) = Quark = a type of fundamental particle. Nuclear particles (protons and
W T
neutrons) and other hadrons are made of quarks. There are six kinds of quark: up, down, strange,

charm, top, and bottom.

L +
227. L 7 b > (1L82& A) = Lepton = a category of particle in the standard model. All leptons are

KL RN/ SR AR B AR/ RV
eIementary partlcles Leptons are not affected by the strong nuclear force, so they do not form

Ra—Av
part of the nucleus of an atom There are 12 kinds of lepton. They are the eIectron the muon, the
2 R F
tauon, 3 kinds of neutrrno and all their 6 antrpartrcles

228. —=a2— Y /(IZw—& Y D) = Neutrino = a type of fundamental partlcle Neutrinos have very
low mass and no charge, therefore they don't interact with other particles and are difficult to
detect. However, they are not rare particles. Many neutrinos are always passing through Earth at

the speed of light.

H R

229. RAiF (I3 A Y w 5 L) = Antiparticle = a type of fundamental partlcle that has the same mass

o
as a particle, but opp05|te charge When part|cIes meet anttpartrcles they destroy each other and

7V Fd

X 7
release energy. In cosmology, antrpartrcles can be called " antlmatter Every kind of fermion has an

antiparticle. Antiparticles include the positron (anti-electron) and antiquarks.

i R B
230. FBEF (L 5 TA L) = Positron = the electron's antiparticle. It has the same mass as an electron

o ]

and the opp05|te charge (i.e., the same charge as a proton) Positrons are created in
/O S S B
radioactive beta decay.

» HL .?— .
231. RV > (I¥% A) = Boson = a category of particle in the standard model. Some bosons are

A +
elementary particles but others are composite (made from more than one elementary particle).
A ¥
Bosons can be force carriers, which means they allow forces to occur between other particles. The

ot +
elementary bosons are the photon (the electromagnetic force carrier), the W and Z bosons (the
TN—F

weak nuclear force carrier), and gluons (the strong nuclear force carrier). There is also the Higgs
boson, which was proposed by the Scottish physicist Peter Higgs in 1964. After nearly 50 years,
the Higgs boson was finally detected in 2012 by the Large Hadron Collider.

“ @
232. /"R B> (I & A A) = Hadron = a category of composite partlcle in the standard model that
Ny A [ T/ A

includes baryons (such as protons and neutrons) and mesons (such as pions). They are made of
quarks that are held together by the strong nuclear force. According to the standard model,

Tz NVIF v

baryons are a kind of fermion and mesons are a kind of boson.
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233. 7 )L IF (3 2 BHFA) = Fermion = a category of particle in the standard model that

KL + KT
includes baryons and leptons (i.e., the particles that form atoms).

s @

234. /N F > (1€ B A) = Baryon = a category of composite partlcle They are made of an

odq num’ber of quarks. Baryons in nature are made of 3 quarks, but there is some evidence that
+ oot 3 B +
baryons with 5 or more quarks (called pentaquarks) could exist. The proton neutron, antiproton

O S
and antineutron are all examples of baryons.

s @

235. FfF (b w 5 A A L) = Meson = a category of composite partlcle They are made of two
KL +
particles: one quark and one antiquark. They are created in high-energy particle coII|S|ons (such as
KL ¥ i #
in a particle aécelerator) and they can be used to understand the behavior of quarks in these

experiments. They can be created for a short time during strong force interactions between

R R HES %
baryons. They are highly unstable and they decay quickly. Mesons were first proposed in 1935 by
the Japanese physicist Hideki Yukawa.

236. /X7 Y OFMEEUL S Y DL\ 72 Y D) = Pauli exclusion principle = a principle in
quantum mechanlcs that affects felrmlons but does not affect bosons. It states that two |dent|cal
+ Ed 5] [ 7
fermions in a system cannot both have the same quantum mechanlcal properties (i.e., the same

values of the four quantum numbers: the principal quantum number, the

¥ fir 5 T #% % & * % A€ v ®F K .
azimuthal quantum number, the magnetic quantum number, and the spin quantum number). This

L + RF
principle is one of the reasons why electrons in an atom have discrete energy levels.

Y 2 i

237. 2F#(Y) &£ 5 L¥ ) = Quantum number = properties of a fermion in a quantum system for

A + JR
example an electron in an atom. There are four quantum numbers in total. They are the principal
number (n), the angular number (l), the magnetic number (m)), and the spin number (ms).

%%
Quantum numbers have integer or half-integer values. The possible states of an electron are
shown by the combinations of the allowed values of these numbers.

n=123..

[=0ton—1
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KT 7 + JEE3 %
238. 7% (H* <) = Shell = a volume around an atom that a specific number of electrons can orbit in.

The first shell can contain 2 electrons, the second shell can contain 8 electrons, the third shell can

contain 18 electrons, and so on. The number of electrons depends on how many combinations of
JRF- /AT
[, mand m;s are possible for a given value of n. Each shell is made of orbitals.

239. RFHE(TALEES)/BEFRNE(TALELES) = Orbital = a rgﬁgign around an atom (part of

& +
the shell) that a single electron can exist in. The shape of an orbital depends on the values of the
quantum number (. Each orbital can contain 2 electrons. Orbitals are very important in chemistry

KT
because they determine the properties of an atom.
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