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I Multiple choice questions — 81 questions

’ In the Compton effect, the ratio of the electron's mass before the collision to its mass after the
collision is veessvssss

@ greater than one less than one

@ equal to one @ determined by the mass of the photon

a The opposite figure shows an X-ray photon colliding with two free electrons: the photon

collides with the first electron, then the scattered photon collides with the second electron. So

XXX R RN

@K1>X2>7h3 7»1<7b2>7b3 ©l1>k2<X3 @K1<7&2<X3

° The Compton effect proves sevevaesss

@ the wave nature of photons the particle nature of the electron

@ the particle nature of photons @ the wave nature of the electron

° In the Compton effect, when a high-frequency photon collides with a free electron, which of

the following quantities increases for the photon after the collision?

@ Energy Frequency @ Wavelength @ Momentum

° In the Compton effect, after the collision there is no decrease in svevsessess

@ the wavelength associated with the electron

the energy of the photon
@ the frequency of the photon
@ the speed of the photon
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6 In the Compton effect, when an X-ray photon collides with a free electron, which of the

following has the lowest speed?
@ The photon before the collision The electron before the collision
@ The photon after the collision @ The electron after the collision

0 In the Compton effect, the ratio of the photon's energy after the collision to its energy before

the collision 1S seeeeeress

@ greater than one equal to one

@ less than one @ cannot be determined

° In the Compton effect, if the energy of the incident photon (before the collision) is (E1), the
energy of the scattered photon (after the collision) is (E,), and the kinetic energy gained by the

electron in the collision is (E3), which of the following relations is correct?

®E3=E1+E2 E3=E1-E2 @E3<E1-E2 ®E3>E1-E2

° The opposite figure shows the Compton effect, where the photon's energy changes by AE. If
Planck's constant is h and the speed of light is ¢, the quantity hc/(A E) equals vuveverees

Vv
l’l
e Ay
@ Ay - A1)/ Ay Ay Ay + A/ Ay A
@ Ay A1)/ - Ap) @ A A/ Ay + Ay

@ In the Compton effect, the greater the difference between the wavelength of the incident
photon and that of the scattered photon (other factors constant), the energy gained by the

electron ceeesssens

@ increases decreases

@ does not change @ cannot be determined
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@ An X-ray photon of wavelength 7 A collided with a free electron, and the kinetic energy of the
electron increased by 1.853 X 10718 J. The wavelength of the scattered X-ray photon equals

XXX R R R RN

(a) 5.6 A 7.46 A (©) 7.046 A () 8.2 A

Q The opposite figure shows the Compton effect. If the ratio of the wavelength of the incident

photon to that of the scattered photon ((A1)/(\;)) is 999/1000, then after scattering the
photon has lost «veesevses Of its energy before the collision.

Scattered photon

Incident photon

€
e~
?"1

Free electron

Scattered electron

() 17999 1/1000 (©) 999/1000 (D) 1000/999

@ In the Compton effect, if the photon loses x% of its energy in the collision, then sevevseses
@ the wavelength of the photon increases by x%

the momentum of the photon decreases by x%
@ the mass of the electron increases by x%

@ the kinetic energy of the electron decreases by x%

@ The equivalent mass of a photon of electromagnetic radiation of wavelength 100 nm equals

XXX R R RN

() 4.42 x 1031 kg (8) 4.42 x 1032kg () 2.2 x 103*kg (D) 2.21 x 103% kg

@ The energy produced when a mass of 1.6749 X 10727 kg is converted equals vvevevuves
() 1.7 x 10°10] 1.5 x 101%)  (©) 9.1 x 103'] (D) 3.4 x 108]

@ One of the properties of the photon is sesevsesss
@ that its speed in vacuum is 3 X 108 m/s that it can be accelerated
@ that it is deflected by an electric field @ all of the above
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G Two photons whose frequencies are in the ratio 1 : 2. The ratio between their energies

respectively is veevevaens

A1:1 ®)1:2 ©2:1 () 1:4

@ Assuming a mass of 1 g is gradually converted into energy, which of the lines x, y, z in the
opposite graph correctly represents the relation between the energy produced (E) and the mass

converted (m)?

E(MJ)
150 ‘ X
120
90

60

30

=m (LLg)

02 04 06 08 1
@ Line x Line y @ Line z @ All three lines

@ The opposite graph shows the relation between the energy of photons (E) and their frequency
(V). The slope of the straight line equals +vvvvvvse

E(J)
{

=V (Hz)
@ the wavelength (7\) Planck's constant (h)
@ the speed of light (c) @ the momentum (Py)
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@ Assuming a small city uses 103 | of energy every second, the mass that must be completely
converted into energy in a nuclear reactor to supply the city with energy for one year (365.25

days) equals serererene

(4) 0.035 ¢ 0.58 g (© 1.46 g () 35¢

e A photon has momentum Py . Its energy equals +.vevseaes (Where (c) is the speed of light)

(W Pc (P c)/2 ©) (PL2)/2¢ (D) (P, ¢)/4

Q A photon of wavelength A and frequency V has a momentum of «evvervees
(A h/(W) (hv)/(\) (©) he/\) () (hv)/(c?)

Q n photons of a monochromatic light beam of wavelength A fall on a surface. The total energy

falling on the surface equals +evevseses

(&) he/(m)) (n\)/hc (©) nhe/O\) (@) nc/\)

@ The ratio of a photon's momentum to its equivalent mass equals vseveesess

@ the speed of the photon Planck's constant
@ the energy of the photon @ its wavelength

e If the intensity of a beam of monochromatic light is doubled, the momentum of each photon of
this Iight IXEEREREREN]

@ decreases to half doubles

@ becomes four times as large @ does not change

@ A photon from a spectrum has a wavelength of 770 nm:
(1) Its energy equals svuveeeens

(A)2.58 x 1022] (8)2.58 x 102'] (c)2.58 x 102°] (p)2.58 x 101?]

@ A photon from a spectrum has a wavelength of 770 nm:

(2) Its equivalent mass while moving equals «evvvveee

(A)2.87 x 1037 kg (8)2.87 x 1036 kg (C) 2.58 x 1038 kg (D) 2.58 x 10°3° kg
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@ A photon from a spectrum has a wavelength of 770 nm:

(3) Its momentum equals «eevvveee

@ 8.6 x 10728 kgm/s 8.6 x 1072° kgm/s
(©) 7.7 x 1073° kgm/s () 7.7 x 10°2° kgm/s

Q Two photons (x) and (y) travel in air. Photon (x) has momentum (P) and photon (y) has
momentum (2 Py), SO veveveenes

@ the wavelength of photon (x) is twice that of photon (y)
the wavelength of photon (x) is half that of photon (y)
@ the speed of photon (x) is twice that of photon (y)

@ the speed of photon (x) is half that of photon (y)

@ Which of the following graphs shows the relation between the speed (c) of photons travelling
in air and the energy (E) of each?

® © ®

e Which of the following graphs shows the relation between the energy of a photon (E) and its
wavelength (A)?

E E
4

E E
®

® ©

@ A monochromatic light beam falls on a certain area for a certain time. If the intensity of this

beam is doubled so that it falls on the same area for the same time, then «vvvaeeses
@ the energy of one photon doubles

the momentum of one photon doubles

@ the equivalent mass of the photon decreases to half

@ the number of photons doubles
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@ The opposite graph shows the relation between the wavelength (7\) of several light beams and
the reciprocal of the momentum (1/Py) of the photons in each beam. The slope of the straight

line equals sevevseres

A
)

S 1
P
@ the speed of light Planck’s constant
@ the mass of the photon @ the frequency of the photon

@ A potential difference was applied to an electron, so its momentum increased by 25%. Its

kinetic energy increases by about «seveaess

(a) 65% 56% (©) 38% (D) 25%

e A light beam whose photons have energy E falls perpendicularly on a reflecting surface. The
change in the momentum of the photon when it is reflected equals +vsvsesess (Where () is the

speed of light)

() E/c 2E/c (©) 2E/(c?) (D) E/(c?)

@ Photons of radiation of wavelength A fall on a surface. If the spacings between the particles of

the surface are about 0.01 A, most of these photons «u.esvesss
@ interfere at the surface pass straight through the surface

@ are refracted inside the surface @ are reflected from the surface

@ A beam of monochromatic light of wavelength A fell perpendicularly on a reflecting surface,
and the number of photons reflected from the surface per second was ¢y . The force acting on

the surface equals vvevsvanss

@) 2 he/QV) o1 2)/cor ©20her @2/ o1
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@ A monochromatic light beam is reflected perpendicularly from a reflecting surface at a rate of
1020 Photon/s, and the surface is acted on by a force of 2 X 1077 N. The frequency of this
light equals vvevsvsnss

AW)72x%x 101%Hz (8)2.7 x 10'°Hz (€)3.75 x 10'*Hz (D) 4.5 x 10'* Hz

@ A yellow light beam of total power 1 W and frequency 5.2 X 10'# Hz is reflected from a

surface. The total number of photons reflected from the surface per second equals vvvsvseaes

@ 5.2 x 10?9 photons 3.4 x 10'? photons
@ 2.9 x 10'8 photons @ 6.4 x 10'7 photons

@ Two sources (a) and (b) of powers Py, and 2 P, emit two monochromatic electromagnetic
beams of wavelengths A and 4 A respectively. The ratio between the numbers of photons

emitted by the two sources in the same time (N,/Np) equals +everveees

() 8/1 4/1 (©1/8 () 1/4

° Several monochromatic light beams fall perpendicularly on a reflecting surface. Which of the
following graphs shows the relation between the force (F) each beam exerts on the surface and

the power (Py,) of each?

F F F 1

P Pw Pw w
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@ Several beams of monochromatic electromagnetic radiation fall perpendicularly at the same
rate (1) on a reflecting surface. The opposite graph shows the relation between the force (F)
each beam exerts on the surface and the reciprocal of the wavelength (1/(\)) of the photons
of this beam. The rate at which the photons of any of these beams fall (¢1) equals «svrveaens

Fx 10~ (N)
)
6] -

4|

. L
>3 3 x10%m™

@ 7.5 x 10'7 Photon/s 1.5 x 10'8 Photon/s
@ 3 x 10'8 Photon/s @ 6 x 10'® Photon/s

e The opposite figure shows two reflecting surfaces X and Y on which two beams of light of
different frequencies but the same power fall. Which of the following figures shows the ratio of

the two forces the beams exert on the surfaces when they are reflected?

— vy :
T

@ A beam of electromagnetic radiation of power 10 W is reflected perpendicularly from the

surface of a reflecting body of mass 10 kg. The force the beam exerts on the surface of the

body equals «revevrens
(1) 6.67 x 107 N 33x 10*N  (0)6.67 x 108N (D) 6.67 x 103N
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@ A radio station broadcasts on a wave of frequency 92.4 MHz:
(1) The energy of one photon emitted by this station equals vveeeeeres

(A)6.12 x 1027] (8)6.12 x 102°] (©)816 x 10%7] (D)8.16 x 10°20]

@ A radio station broadcasts on a wave of frequency 92.4 MHz:

(2) The number of photons emitted per second if the station's power is 100 kW is vveeeeenns

photons/second.

(A) 1.63 x 1033 1.63 x 1032 (©)1.63 x 10° (D) 1.63 x 10?8

0 Light of wavelength 6000 A fell on a metal surface, and the incident power was 39.6 W. If
only 1% of the incident photons free electrons, the number of electrons freed from the metal

surface per second equals sesererens

@ 12 x 10'° electrons 1.2 x 10'8 electrons
@ 12 x 10'8 electrons @ 1.2 x 10! electrons

@ One of the following properties does not apply to the electron «vevaesses

@ it has a wave nature while moving

it has particle properties

@ its associated wavelength increases as its speed increases

@ its kinetic energy increases as its speed increases

@ If the mass of a moving particle is m and the wavelength of the matter wave associated with its

motion is A, the speed of the particle is calculated from the relation sveeveeses

(@) v = h/(m\) v = hm/(\) ©v =@)/hm (®) v = 2h/(m)\)
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@ When an electron beam is directed at a double slit as in the figure, the fluorescent screen

ShOWS et

Double-slit barrier |

Electron .
source

N

Fluorescent screen

@ a single bright spot in the middle
two bright spots with a dark space between them
@ several bright spots and several dark ones

@ a dark central spot surrounded by a bright circle

e A proton and an electron move so that the waves associated with their motion have the same

wavelength. Then «v.vvvaeee (given that: mass of proton > mass of electron)
@ the kinetic energy of the electron is less than that of the proton

the momentum of the proton is greater than that of the electron

@ the speed of the electron is greater than that of the proton

@ the speed of the proton is greater than that of the electron

@ An electron of mass m, moves at speed v and the wavelength of the wave associated with its
motion is A. If the speed of the electron decreases to v/2, the wavelength of the wave

associated with its motion becomes vvvesvvses

OE ® 22 © /2 ®) /4

@ If the de Broglie wavelength associated with the motion of a particle of mass m is A, the

kinetic energy of the particle equals +vevsvsese (Where (h) is Planck's constant)

) (2mh2)/\2) A2/@emhy) () h/@m\) ®@) (h?)/(2m\2)
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@ Light of wavelength 4500 A fell on a metal surface whose work function is 3.36 X 1071° J:

(1) The maximum speed of the emitted electrons equals vevvvveee

() 1.22 x 10°m/s (8)2.34 X 10°m/s (€)3.75 x 10°m/s (D) 4.82 x 105 m/s

@ Light of wavelength 4500 A fell on a metal surface whose work function is 3.36 X 1071° J:

(2) The wavelength of the wave associated with the motion of the fastest photoelectrons

emitted from the metal surface equals vvevseress

W15%x10°m (8)23%x10°m (©58x10°m ()72 x 10°m

@ The opposite graph shows the relation between the de Broglie wavelength associated with the
motion of a particle (A) and the reciprocal of the particle's speed (1/v). The mass of this
particle equals vvvvvveees (given that: Planck's constant = 6.6 X 10734 ].s)

Ax107%(m)
'
6

4

3\ W

e R R
1 2 3 Vv

(A)1.3x10%kg ()23 x 10"%kg (©)33 x 109kg (D) 4.3 x 10'° kg

x107(m/s)”!
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@ The opposite graph shows the relation between the square of the wavelength (A2) of the
matter wave associated with the motion of two particles x and y and the reciprocal of their
kinetic energy (1/KE). The ratio between the masses of the two particles (mx/my) equals

Yrrrrrrnan

2

A
!

30°
f, ©
e, ,\] 30 il ].

KE
(1) 1/3 1/(N(3) (© 3/1 () (V(3))/1

@ The speed at which an electron must move so that a wave of wavelength 1 A is associated with

1tS MOtION 1S seerverses

(A)7.28 x 106m/s (3)2 x 10" m/s  (€)6.25 x 10°m/s (D) 1.37 x 107 m/s

@ An insect moves at 12 m/s. If the wavelength of the wave associated with the insect's motion is

5.5 x 10739 m, the mass of this insect is veeversess

(A) 10 kg 1.2x 10%kg  (©)2 x 10 kg () 10°° kg

@ A body of mass 10 kg moves at 5 m/s. The wavelength of the wave associated with its motion

equalS XXX R RRN]

(A) 1.325 x 103 m 1.325 x 102 m
(©)1.325 x 103 m (D) 1.325 x 103¢ m

@ Two bodies x and y have masses m and 2 m and speeds v and 4 v respectively. If the
wavelength of the wave associated with the motion of body x is A, the wavelength of the wave

associated with the motion of body y equals +vseveenes

() 8 A (®) 6 A © /6 ® M)/8
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@ Two bodies have the same kinetic energy. If the wavelength of the wave associated with the
motion of the first body is twice that of the second body, the relation between the masses of

the tWO bOdieS ml and m2 IS Yerrrrrnne

®m2=m1/4 m2=m1/2 ©m2=2m1 ®m2=4m1

@ A proton (;'H) and an alpha particle (,*He) move at the same speed. Given that the mass of
the alpha particle is four times the mass of the proton, the ratio between the wavelengths of

the waves associated with their motion (proton to alpha) equals vvvevaeees

(a) 172 2/1 (©1/4 ®) 4/1

@ The opposite table gives the masses of three hypothetical particles A, B and C that have the
same kind and amount of charge. Assuming the three particles were accelerated through the
same potential difference:

(1) The ratio between the kinetic energies these particles gain respectively is vvvveeeee

-~

Mass (in kilograms) Particle

m A
Om B

l 27 m C J

@27:9:1 1:9:27 @1:1:1 @9:3:1
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@ The opposite table gives the masses of three hypothetical particles A, B and C that have the
same kind and amount of charge. Assuming the three particles were accelerated through the
same potential difference:

(2) The particle with the largest associated wavelength is vvvveeeee.

-~

Mass (in kilograms) Particle

m A
Om B
27 m C

@A ®B

@ C @ cannot be determined

@ If an electron at rest is accelerated through a potential difference of 2500 V, what is its

maximum speed?

W3 x107m/s  (8)25x%x 108m/s (€)2.5 x 10m/s (D) 1.5 x 108 m/s

@ If the kinetic energy of a particle becomes 16 times as large, the percentage change in its de

Broglie wavelength is svsesseses

() 25% 50% (©) 60% () 75%

@ The opposite figure shows two bodies x and y that differ in mass and kinetic energy. The ratio

of the wavelengths of the matter waves associated with the motion of the two bodies ((Ay)/

():y)) iS et

m 2m
® KE (¢ ——8KE
X y

(@) 4/1 1/4 (© 1/1 (0) 1/3

@ In a cathode ray tube, when the potential difference between the anode and the cathode is 700
V, the wavelength of the wave associated with the fastest electrons when they reach the anode

equals vevevevans

@W12x10"m ()23x10"'m (©46x10"'m ()64 x 10" m
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@ In the electron microscope, the component that focuses the electron beam is +vevevrenss

@ the anode the cathode

@ the filament @ the magnetic lenses

° In the electron microscope, which of the following choices gives the sequence of results that

happen when the potential difference between the anode and the cathode is increased?

@ Kinetic energy of the electrons: increases, wavelength associated with the electron:

increases, resolving power of the microscope: increases

Kinetic energy of the electrons: increases, wavelength associated with the electron:

decreases, resolving power of the microscope: decreases

@ Kinetic energy of the electrons: increases, wavelength associated with the electron:

decreases, resolving power of the microscope: increases

@ Kinetic energy of the electrons: decreases, wavelength associated with the electron:

decreases, resolving power of the microscope: decreases

e If the wavelength needed in an electron microscope to observe a particle is 1 A:

(1) The maximum speed of the electrons used equals vvevvvvves

(a) 7.28 x 105 m/s 7.28 x 10" m/s (C) 3.28 x 10°m/s (D) 3.28 x 10* m/s

e If the wavelength needed in an electron microscope to observe a particle is 1 A:

(2) The potential difference between the anode and the cathode is about «eeeeveees

(a) 662V (8) 325V (©) 442v (@) 151V

@ If a potential difference of 500 V is used between the anode and the cathode of an electron

microscope, the de Broglie wavelength associated with the electron beam equals +vsevseses

AW1.1x10%m (8)549x 10" m (©)7.76 x 10''m (D) 4.14 x 1012 m

@ When an electron in an electron microscope is subjected to a potential difference of 20 kV:
(1) Its speed as it passes through the anode equals vvvveeee

(4)59.3 x 10°m/s (8)83.9 x 10°m/s (€)2.7 x 107 m/s (D)7 x 107 m/s

@ When an electron in an electron microscope is subjected to a potential difference of 20 kV:

(2) The wavelength associated with its motion equals vveeeveee

(A) 1.04 x 10 m 1.04 X 10'°m (©)868 x 10'2m (0)2.7 X 10'%m
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@ An electron microscope was used to examine a particle twice: the first time with a potential
difference of 16 kV and the second time with 25 kV. The ratio between the maximum speeds

of the electrons in the two times (((Viax)1)/((Vmax)2)) equals veveveren.

() 3/4 2/3 (©) 4/5 (@) 5/7

@ An electron microscope was used to examine a particle twice. The first time a potential
difference (V) was used and the momentum of the fastest electrons was (P} ); the second time
a potential difference (V;) was used and the momentum of the fastest electrons was (4 Pp).

The ratio between the potential differences (V1/V,) equals vvvevenens

(&) 1/2 1/4 (© 1/16 () 16/1

@ In the electron microscope, three different potential differences 9 V, 4 V and V were used. The

ratio between:

(1) the maximum kinetic energies of the electrons in the three cases respectively equals

XXX R RN

(A)9:4:1 (B)3:2:1 OV :v@2:1 (D) 1:4:9

@ In the electron microscope, three different potential differences 9 V, 4 V and V were used. The

ratio between:

(2) the wavelengths of the waves associated with the motion of the electrons in the three cases

respectively equals vsvsvacans

(A)o9:4:1 (B)2:3:6 OV :v@:1 (@)3:2:1
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@ Two particles A and B with the same charge are accelerated through a potential difference V.
The opposite graph shows the relation between the wavelength (7\) associated with the motion
of the two particles and the reciprocal of the square root of the accelerating voltage (1/

(V(V))). The relation between the masses of the two particles is svsveveres

A
A B

s ..
WV
(&) my > my (B my < mg

@ my = mg @ cannot be determined
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I Essay questions — 21 questions

’ In the Compton effect, what happens to each of the following physical quantities after the
collision compared with its value before the collision:
(1) the speed of the photon?
(2) the wavelength of the photon?
(3) the momentum of the photon?
(4) the energy of the photon?
(5) the equivalent mass of the photon?
(6) the energy of the electron?
(7) the momentum of the electron?
(8)
()

8
9

the wavelength of the wave associated with the motion of the electron?

the mass of the electron?
Q Explain how the Compton effect proves the particle nature of light (of photons).

e Part of a mass of 10 g was converted in a nuclear reaction into energy of 9 X 10'2 J. What is

the remaining mass?

° A star radiates energy into space at a rate of 4.5 X 102> J/s. Calculate the mass the star loses

in one minute.

° The momentum of one photon of a monochromatic electromagnetic radiation equals the
momentum of an electron moving at 2 X 10° m/s. Calculate the wavelength of this

radiation.

e Use the opposite figure to find the region of the electromagnetic spectrum of the photon

whose:
(1) frequency is 4 X 10" Hz
(2) equivalent mass is 4 X 103% kg

'[ T

i |
Ultraviolet |  Visible | Infrared
rays : light i rays

| |

| |

! '

400 nm 700 nm
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a Two bodies a and b: the kinetic energy of body a is four times that of body b, and the ratio of
the wavelengths of the waves associated with their motion respectively is 2/1. Find the ratio

between the masses of the two bodies (m,/my,).

° A photon of equivalent mass 3.2 X 1073 kg fell on a metal surface whose work function is
1.6 eV, as in the opposite figure:

(1) Show whether electrons are emitted from this surface, giving the reason.

(2) What is the equivalent mass of the photon falling on the surface so that an electron with a

maximum kinetic energy of 1.6 eV is emitted from it?

° What happens when photons fall on a surface whose interatomic spacings are smaller than the
wavelength of the photons?

@ What happens when photons fall on a surface whose interatomic spacings are larger than the

wavelength of the photons?

° A beam of monochromatic electromagnetic radiation of power 200 W, whose photons have a
wavelength of 8 X 1077 m, fell perpendicularly on a reflecting surface. Calculate:
(1) the momentum of one photon of this beam.

(2) the force the beam exerted on the surface when it was reflected.

@ Write the mathematical relation shown by each graph and what the slope of the straight line

equals, for each of the following:

where: (F) is the force a light beam exerts on a reflecting surface, (Py,) the power of the light

beam, (¢1) the rate at which the photons fall.

F(N) (2) F(N) (1)

¢ (Photon/s) Py (W)
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@ The opposite figure shows a photocell whose cathode is hit by a laser beam of wavelength 550
nm and power 0.2 mW. If the longest wavelength needed to emit electrons from this cathode
is greater than 550 nm, and assuming every incident photon emits an electron and all the freed

electrons reach the anode, calculate the maximum photoelectric current in the circuit.

Laser source

(b Photoelectric cell

|
w1

@ The opposite figure shows an electron beam falling on a photographic plate after passing
through a double slit. Explain why what the electron beam forms on the photographic plate
supports the wave theory of particles.

Photographic plate
Double-slit barrier ]

[
———
—
>

N|

@ Monochromatic electromagnetic radiation whose photon energy is 4 eV falls on the cathode of
a photocell whose work function is 2 eV. Calculate the shortest wavelength of the wave

associated with the freed electron.

@ A free electron is accelerated from rest by a potential difference of 1000 V. Calculate the de

Broglie wavelength associated with the motion of this electron when it reaches the anode.

@ Compare: the electron and the photon (in terms of: nature - rest mass - momentum - whether

it can be accelerated).
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@ What is the condition for seeing the details of the structure of a tiny object with a microscope?
Q Explain why the optical microscope cannot show the details of the corona virus.

@ When the potential difference between the anode and the cathode of an electron microscope is
increased, what happens, with explanation, to:
(1) the maximum kinetic energy of the electrons that reach the anode?
(2) the wavelength of the wave associated with the motion of the electrons?

(3) the resolving power of the microscope?

6 The opposite graph shows the relation between the wavelength (7\) associated with the
electron beam in the electron microscope and the square root of the reciprocal of the potential
difference between the anode and the cathode (1/(V(V))). What quantity does the slope of

the line represent?

A
4

=
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I Past exam questions — 52 questions

’ In the Compton effect, when a gamma-ray photon collides with an electron moving at speed v,

veesserses (Trial exam / June 2021)

@ momentum of the scattered photon: increases, momentum of the electron after the
collision: increases

momentum of the scattered photon: decreases, momentum of the electron after the
collision: decreases

@ momentum of the scattered photon: decreases, momentum of the electron after the
collision: increases

@ momentum of the scattered photon: increases, momentum of the electron after the

collision: decreases

Q The opposite graph shows the relation between the wavelength of the wave associated with the
motion of the electrons leaving the filament in a cathode ray tube at the moment they reach
the anode, and the reciprocal of the square root of the potential difference used in the tube.

The value of point (X) on the graph is «....eeees (Trial exam / June 2021)

1 -3 -1
e —x 107" (Volt 2)

1125 45 v
W 125 x102%m (325%x102m (©2x10"m (©1.5x 10" m
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e The opposite graph shows the relation between the wavelength (7\) of the matter wave
associated with the motion of electrons emitted from a cathode and the reciprocal of their

speed (1/v). The ratio of the electron's speed at point x to its speed at point y equals veveserees
(Trial exam / June 2021)

(h = 6.625 X 103%Js, m. = 9.1 x 103! kg)
M (A)

|
30
20

10

. -]
- (m/s)

X ¥
(&) 9/1 1/9 (©) 3/1 () 1/3

° An electron microscope is used to examine two different viruses (x) and (y). Given that the size
of virus (x) is 1 nm and the size of virus (y) is 4 nm, the ratio of the potential difference
between the anode and the cathode needed to see virus (x) to that needed to see virus (y)

equals +eeveerens (Trial exam / June 2021)

() 16 (®) 8 © 4 () 2

° In the Compton effect, when a gamma-ray photon collides with an electron moving at speed
(V), vevasevens (1st session 2021)

@ wavelength of the photon: decreases, mass of the electron: does not change
wavelength of the photon: decreases, mass of the electron: decreases
@ wavelength of the photon: increases, mass of the electron: does not change

@ wavelength of the photon: decreases, mass of the electron: increases
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6 The opposite graph shows the relation between the reciprocal of the square of the wavelength
(1/(\?)) associated with the motion of a particle and the kinetic energy of this particle (KE).
Using the graph, the mass of the moving particle equals «.eevveees kg (st session 2021)

3.04x 102

|
I
|
1
!
I
I
|
!
t
I

4 x107%° e

(W) 1.67 x 1027 (8)3.33 x 1027 () 7.6 x 10°3° () 3.8 x 10°%°

0 A body of mass 140 kg moves so that the wavelength of the wave associated with its motion is
1.8 X 1073* m. Given that Planck's constant is 6.625 X 10734 J.s, the speed of the body
equals +evveeenns (Ist session 2021)

(A) 2.629 x 103 m/s 2.269 x 1073 m/s
(©0.26 x 103 m/s (D) 26.29 x 1073 m/s

° In the electron microscope, when the potential difference between the cathode and the anode is
increased from 25 kV to 100 kV, the wavelength associated with the motion of the electron

beam «vveevsees (1st session 2021)

@ decreases to half doubles

@ decreases to a quarter @ becomes four times as large
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e In the Compton effect, when an X-ray photon collides with an electron moving at speed (v),
veeeeeenns (2nd session 2021)

@ speed of the electron after the collision: increases, equivalent mass of the photon after the
collision: increases

speed of the electron after the collision: increases, equivalent mass of the photon after the
collision: decreases

@ speed of the electron after the collision: decreases, equivalent mass of the photon after the

collision: decreases

@ speed of the electron after the collision: decreases, equivalent mass of the photon after the

collision: increases

@ Assuming the speed of an electron of mass 9.1 X 103! kg equals the speed of a proton of
mass 1.67 X 10727 kg, the wavelength associated with the motion of the electron is about

veeeeeeees the wavelength associated with the motion of the proton. (2nd session 2021)

(A) 545 times (B) 1545 times (©) 1835 times (D) 835 times

Q Given that the energy of the photon used in the optical microscope is 496.88 X 102! J and
the momentum of the electron in the electron beam used in the electron microscope is 7.626

x 10723 kg.m.s'l, a particle of size 400 nm can be seen with «veveveese (2nd session 2021)
@ the optical microscope only the optical and the electron microscope
@ the electron microscope only @ the eye only

Q An electron microscope is used to examine two different viruses (A) and (B), and the results
were recorded as in the table:
Virus A: size (diameter) 10 nm, potential difference needed to see it 1.5 kV
Virus B: size (diameter) X, potential difference needed to see it 37.5 kV
The value of (X) equals «sevverers (2nd session 2021)

®1nm O.4nm @O.Snm ®2nm
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@ An X-ray photon collides with a free electron, and the data of the incident and scattered
photons are shown in the figure. So the incident photon lost +.esevse. Of its original energy in

the collision. (1st session 2022)

Scattered photon
Wavelength = 5A/4

Incident photon

Wavelength = A

Electron—/\- @

Scattered electron

() 2/5 3/5 (©1/5 (®) 4/5

@ A moving photon has an equivalent mass of 3.68 X 10738 kg. Its wavelength equals «vvvveees
(1st session 2022)

(A) 40 um () 50 um (©30um (©) 60 um

@ Photon x has a wavelength of 320 nm and photon y has a wavelength of 240 nm. The ratio of
the momentum of photon x to that of photon y ((PL)X)/((P]_)y) equals veereaeess (1st session
2022)

™ 4/3 3/4 (© 4/1 ®) 3/1

@ An electron microscope is used to see a virus of size X using a potential difference V. If the
virus is replaced by another of size 1/10X, the potential difference must be increased by

eerssenens (1st session 2022)

(a) 100 v B ov (©o99v (@) 10V

G In the Compton effect, it was observed that when a gamma-ray photon of wavelength (7\) fell
on a free electron, the photon lost (1/4) of its energy. The wavelength of the scattered photon

becomes «vveevaees (2nd session 2022)

@ 4/3\ (© 3/21 @) 21
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@ Photon (x) has a frequency of 9.375 X 10'% Hz and photon (y) has a frequency of 1.25 X
10'> Hz. The ratio of the momentum of photon (x) to that of photon (y) ((P1)y)/( (PL)y)
equals «eveevrnes (2nd session 2022)

() 4/3 4/1 (© 3/1 (D) 3/4

@ A moving photon has a frequency of 7.9 X 10'! kHz. Its equivalent mass = vssssssess (2nd
session 2022)

(4)5.82 x 103 kg (8)1.74 x 102 kg (¢)5.82 x 1036 kg (D) 1.74 x 1030 kg

@ In the electron microscope, the ratio of the maximum speed of the electrons when a potential
difference of 60 kV is used to their maximum speed when 20 kV is used is +evevevees (2nd
session 2022)

&) 1/(v(3)) V(3) ©3 (0) 1/3

@ In the Compton effect, when a gamma-ray photon collides with a free electron, which of the

following choices is correct for the photon as a result of the collision? (Trial exam 2023)
@ its momentum: decreases, its wavelength: constant
its momentum: increases, its wavelength: decreases
@ its momentum: decreases, its wavelength: increases

@ its momentum: increases, its wavelength: increases

@ Two photons X and Y travel in vacuum. If the frequency of photon X is greater than that of

photon Y, which of the following choices is correct? (Trial exam 2023)
@ The speed of photon X is less than that of photon Y

The energy of photon X is less than that of photon Y

@ The wavelength of photon X is greater than that of photon Y

@ The momentum of photon X is greater than that of photon Y

e If red light has the longest wavelength in the visible spectrum, which of the following choices
is correct for red light photons compared with the other photons of visible light? (Trial exam
2023)

@ Their frequency has the largest value Their energy has the largest value

@ Their momentum has the smallest value @ Their speed in air has the largest value
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@ The resolving power of the electron microscope is high because the accelerated electrons have

vevveeeees (Trial exam 2023)

@ a high kinetic energy and a short associated wavelength
a high kinetic energy and a long associated wavelength
@ a low kinetic energy and a short associated wavelength

@ a low kinetic energy and a long associated wavelength

@ A photon from a spectrum has a frequency of 4.2 X 10'* Hz. The momentum of the photon
equals +evvvennns (Ist session 2023)

(A) 9.275 x 10726 kgm/s 9.275 x 10728 kg.m/s
(©) 9.275 x 103 kg.m/s () 9.275 x 10724 kg.m/s

@ Two cathode ray tubes work at potential differences of 2000 V and 8000 V, and the
wavelengths of the waves associated with the electrons in them are A.; and A, respectively. The
ratio (A1)/ (A7) equals «evvveeees (Ist session 2023)

() 2/1 4/1 (© 6/1 () 8/1

@ A potential difference (V) was used in an electron microscope to see a virus of size 20 nm. To

see another virus of size 15 nm, the potential difference used must be «vevevevss (1st session

2023)
@ increased by 0.78 V decreased by 0.78 V
@ increased by 0.5V @ decreased by 0.5 V

@ If a proton moves at 3 X 10° m/s, the wavelength of the wave associated with its motion
equals «eveervnes (2nd session 2023)
; . — -27
(given that: m, = 1.67 X 10°*/ kg)

(A)1.32 x 103 m 75x 10%m (©)1.32x10°%m (©)7.5x 10%m

@ An X-ray photon of wavelength 4 X 10°° m collided with an electron at rest and lost 0.1% of
its energy. The wavelength of the scattered photon after the collision equals vsvsvesess (2nd
session 2023)

(4)3.996 x 10°m (8)4.002 x 10°m () 4.004 x 10°m (D) 4.008 x 10°m
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@ In an electron microscope, a potential difference was used to give the electrons a speed of 1.8
X 107 m/s in order to see a virus 300 A long. Given that Planck's constant is 6.625 X
10734 J.s and the mass of the electron is 9.1 X 10731 kg, +vvvvvvves (2nd session 2023)

@ seeing the virus with the microscope: not possible, wavelength associated with the

electron beam: 0.4 A

seeing the virus with the microscope: possible, wavelength associated with the electron
beam: 0.4 A

@ seeing the virus with the microscope: possible, wavelength associated with the electron
beam: 4 A

@ seeing the virus with the microscope: not possible, wavelength associated with the

electron beam: 4 A

0 A photon has energy hu. Its momentum and its wavelength are vv.eoeeees (Ist session 2024)
(given that: h is Planck's constant, U is the frequency of the photon)

@ momentum: (hupsilon)/c, wavelength: (upsilon)/c
momentum: (hupsilon)/c, wavelength: ¢/ (upsilon)
@ momentum: ¢/(hupsilon), wavelength: (upsilon)/c
@ momentum: ¢/(hupsilon), wavelength: ¢/ (upsilon)

@ When an optical microscope is used to see an object of size X, the smallest momentum of a

photon in the light beam used can be +.vvvvveee (Ist session 2024)

(a) h/3x h/X (© 3n/x (®) X/h

e Photons fall perpendicularly on a reflecting surface at a rate ¢y . If the energy of one photon is
hv, the change in the momentum of the photon when it is reflected equals «vevseress (2nd
session 2024)

(A) 2h/(upsilon) (hupsilon)/2c (©) (hupsilon)/c (D) (2hupsilon)/c

@ A photon has an energy of 1.77 X 103 eV. Its momentum is «.eceeeess (2nd session 2024)
(A) 9.44 x 10725 kgm/s 9.44 x 10715 kg.m/s
(©) 5.9 x 106 kgm/s (D) 8.496 x 10°8 kg.m/s
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@ A photon of frequency (V) fell on a metal surface whose critical frequency is ((upsilon)/2),
and an electron was freed with speed v. When another photon of frequency (2V) falls on the

same metal surface, the speed of the freed electron in the second case = «veveveves (2nd session
2024)

ONEOX OREX ©2v (D) V(6) v

@ If a potential difference of 300 V is used between the anode and the cathode in the electron

microscope, the values of vvvveesese (2nd session 2024)

@ maximum speed of the emitted electrons: 1.027 X 107 m/s, associated wavelength: 7.09

A
maximum speed of the emitted electrons: 1.027 X 107 m/s, associated wavelength: 0.07

nm
@ maximum speed of the emitted electrons: 1 X 108 m/s, associated wavelength: 0.07 A

@ maximum speed of the emitted electrons: 1 X 108 m/s, associated wavelength: 7.09 nm

e After a photon collides with a free electron in the Compton effect, the quantity that decreases
i veveeeeees (Sample exam 2025)

@ the speed of the electron the energy of the electron
@ the speed of the photon @ the frequency of the photon

@ A beam of monochromatic light falls perpendicularly on a reflecting surface. The opposite
graph shows the relation between the force (F) the beam exerts on the surface when it is
reflected and the rate at which the photons of the beam fall on the surface (¢r). The slope of

the line represents «..eevvees (Sample exam 2025)

F(N)
A

» O, (photon/s)

@ the energy of the photon the frequency of the photon

@ twice the momentum of the photon @ half the momentum of the photon
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@ A photon has an energy of 4 eV. The equivalent mass of the photon equals vvvevaeses (Sample
exam 2025)

() 9.22 x 103 kg (8)8.33 x 1036 kg () 7.11 x 1036 kg (D) 5.44 x 10736 kg

@ A light beam falling on a shiny surface causes on the surface «...overes (Sample exam 2025)

@ a force only a pressure only

@ a force and a pressure @ neither a force nor a pressure

° If the kinetic energy of a particle becomes 16 times as large, the percentage change in its de
Broglie wavelength is ++vvvvvve. (Sample exam 2025)

25 % 50 % 75 % 100 %
® © ©

@ The idea of how the electron microscope works depends on +..vvvvvvs (Sample exam 2025)
@ the wave nature of electrons the particle nature of electrons

@ the wave nature of photons @ the particle nature of photons

@ When a beam of photons, each of momentum X, falls perpendicularly on a reflecting surface at
a rate of Y photons / second, the force acting on the surface equals +sesvseess (Sample exam

2025)

(a) xy (8) 4 XY (©2XxY (®) 0.5 XY

@ The figure shows three photons (1), (2) and (3), each labelled with its wavelength. If the
energy of photon (3) is 3 eV, the energy of photon (1) is greater than that of photon (2) by
veeveeeees (Sample exam 2025)

A Pk 4 A
(1) (2) (3)

®6eV 4eV ©8eV ®9eV
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@ In the Compton effect, why does the wavelength associated with an X-ray photon increase

when it collides with a free electron? (1st session 2025)

@ The photon gains some of the electron's energy

The photon loses some of its energy to the electron

@ The photon's speed decreases because of its collision with the electron

@ The photon's momentum increases because of its collision with the electron

@ Assume that an electron and a photon move in a straight line into the region between the poles

of a magnet as in the figure. What happens to the path of each? (1st session 2025)

@ electron: is deflected from its straight path, photon: is deflected from its straight path
electron: continues in its straight path, photon: is deflected from its straight path
@ electron: is deflected from its straight path, photon: continues in its straight path

@ electron: continues in its straight path, photon: continues in its straight path

0 If the electrons in an electron microscope are accelerated until their energy reaches 10 eV,

what is the shortest wavelength of the wave associated with the electrons used? (1st session
2025)

() 124 (8) 0.012 A (©1.24A (®)0.12 A
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@ A gamma-ray photon of wavelength (A1) collided with a free electron whose motion is
associated with a wave of wavelength (A,), and both were scattered. Then «vvvveeees (2nd

session 2025)

@ wavelength of the photon (A1): increases, wavelength associated with the electron (A;):

increases

wavelength of the photon (A1): decreases, wavelength associated with the electron (A.,):

decreases

@ wavelength of the photon (A1): increases, wavelength associated with the electron (A;):

decreases

@ wavelength of the photon (A1): decreases, wavelength associated with the electron (A.,):

increases

@ Two photons A and B have wavelengths of 800 nm and 200 nm respectively. The ratio
between the momenta of the two photons ((Pr)a)/((P1)g) equals «.vevever. (2nd session
2025)

(x) 1/4 4/1 (©1/2 @) 1/1

@ In the electron microscope, when the potential difference used to accelerate the electron beam
is increased from (X) to (4X), the wavelength associated with the electron beam +vvevevess (2nd

session 2025)
@ decreases to a quarter becomes 4 times as large
@ decreases to half @ doubles

e A light beam of power 10 W of monochromatic light of wavelength 4500 A falls on a metal
surface and photoelectrons are emitted from it. Assuming every photon falling on the surface

emits an electron, calculate the rate of photoelectrons emitted from the metal surface. (2nd
session 2023)

@ A radio station of power 100 kW broadcasts on a wave of frequency 92.4 MHz. If Planck’s
constant is 6.625 X 10734 J.s, calculate: (Sample exam 2025)
(1) the energy of one photon it emits.

(2) the number of photons emitted per second.
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
C D C C D B C B C A
11 12 13 14 15 16 17 18 19 20
C B B D B A B B B D
21 22 23 24 25 26 27 28 29 30
A A C A D D B A A A
31 32 33 34 35 36 37 38 39 40
D D B B B D D D C C
41 42 43 44 45 46 47 48 49 50
B B C C B C B C A C
51 52 53 54 55 56 57 58 59 60
C B D D A C A A D C
61 62 63 64 65 66 67 68 69 70
D D D C A A D A C D
71 72 73 74 75 76 77 78 79 80
C A D B B C C C A B
81

A

G Answer (C)

The mass of the electron does not change in the collision,

so the ratio of its mass before the collision to its mass after it equals one.

@ Answer (D)

In each collision the photon loses part of its energy,

so its wavelength increases.

7\.1<7\,2<7\,3

e Answer (C)

The Compton effect treats the photon as a particle with energy and momentum,

so it proves the particle nature of photons.
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0 Answer (C)

The photon loses energy to the electron, so its energy, frequency and momentum decrease,

thanawiya-archive.com

and its wavelength increases.

° Answer (D)

The speed of the photon in vacuum is constant (c),

so it does not decrease after the collision.

° Answer (B)

The free electron is at rest before the collision, so its speed is zero,
and the photon's speed is always c,

so the electron before the collision has the lowest speed.

G Answer (C)

The scattered photon loses part of its energy,

so the ratio of its energy after the collision to before it is less than one.

° Answer (B)

Conservation of energy:
El - Ez + E3
E; = E|-E;

e Answer (C)

AE = hc/(Ay) - he/(Ay) = (he(ry - L))/ (AAy)
hc/(AE) = (AA)/(Ay - A1)

@ Answer (A)

The energy gained by the electron:
AE = he(1/(A) - 1/(\0)

The greater the difference between the two wavelengths, the greater the energy.

Q Answer (C)

E; = he/(Ly) = (6.625x1034x3x10%)/(7x10°1°) = 2.84x 10716 J
E, = E;-1.853x10'8 = 2.82x101°¢J
A, = hc/E, = 7.046 mathringA
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@ Answer (B)

Ey/Ey = (AM)/(Ay) = 999/1000
The photon lost 1/1000 of its energy.

@ Answer (B)

The momentum of the photon is proportional to its energy:
p =E/c

So if it loses x% of its energy, its momentum decreases by x%.

@ Answer (D)

m = E/(c?) = h/(\L¢)
m = (6.625x103%)/(107 x3x10%) = 2.2x 1073 kg

@ Answer (B)

E=mc? = 1.6749x 1027 x9x 101°
E=15x1019J

@ Answer (A)

The photon's speed in vacuum is 3 X 108 m/s,

and it cannot be accelerated or deflected by an electric field because it is neutral.

@ Answer (B)

E = hv

so the ratio between the energies equals the ratio between the frequencies.

@ Answer (B)

E=mc?2 =10°%x9%x10'° = 9x107 J = 90 MJ

which is line y.

@ Answer (B)

E = hv
The slope of the straight line (E against V) equals Planck’s constant h.

@ Answer (D)

E=Pt=108%x36525%x86400 = 3.156x 10> J
m = E/(c?) = (3.156x10')/(9%x10'®) = 0.035kg = 35¢
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@ Answer (A)

PL = E/C

E =P c
@ Answer (A)

PL = h/()\')

@ Answer (C)

The energy of one photon is hc/(A), and the total energy of n photons:
E = nhc/(\)

@ Answer (A)
Py/m = (E/c)/(E/c?) = c
which is the speed of the photon.

@ Answer (D)

The intensity of the beam depends on the number of photons,

and the momentum of each photon h/(A.) stays constant because A is constant.

@ Answer (D)

E = he/(\) = (6.625x 1034 x3%x108)/(770x107°)
E =258x10"1J

@ Answer (B)

m = E/(c?) = (2.58x101°)/(9x10'°)
m = 2.87x1073% kg

@ Answer (A)

P. = h/L) = (6.625x1073%)/(770x10°°)
P = 86x102%8kg-m/s

@ Answer (A)
7\. = h/ P L

The momentum of y is twice that of X, so its wavelength is half that of X,

which means the wavelength of photon x is twice that of y.
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@ Answer (A)

The speed of photons in air is constant (C),
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so it does not depend on the energy.

e Answer (D)
E = hc/(A)

An inverse relation: the graph is a hyperbola.

@ Answer (D)

Doubling the intensity means doubling the number of photons per second,

while the energy and momentum of one photon stay constant.

e Answer (B)

A = h1/Pp
The slope of the line equals Planck's constant h.

@ Answer (B)

KE = (P?)/2m, so it is proportional to the square of the momentum.
(KE)/KE = (1.25)* = 1.5625
It increases by about 56%.

e Answer (B)

The change in momentum on perpendicular reflection:

AP =P-(-P) = 2P = 2E/c

@ Answer (D)

The wavelengths of the photons are much larger than the spacings between the particles,

so the photon sees the surface as one whole and is reflected from it.

@ Answer (D)

Force = rate of change of momentum:

F=2h/(A) @
@ Answer (D)
F=2h/(\) @

A = (2he)/F = (2X6.625x1034%x10%9/(2x107) = 6.625x107 m
v =¢/(\) = 4.5%x10'% Hz
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@ Answer (C)

The number of photons per second:
n = P/(hv) = 1/(6.625x103%x5.2x10'%)
n=29x10'8

@ Answer (C)

The number of photons:
N = (P\)/hc
N,/Ny = (PA)/(2Px4)\) = 1/8

° Answer (B)

The force on the surface:
F = 2P,/c

A direct linear relation through the origin.

@ Answer (B)

F=2¢@ h1/(M)
slope = (6x107°)/(3x10°) = 2x1071>
@ = (2x101°)/(2%6.625x103%) = 1.5% 10'8 Photon/s

@ Answer (C)

For the same power and total reflection:

F = 2P/c

thanawiya-archive.com

The force does not depend on the frequency,

so the two forces are equal.

@ Answer (C)

F = 2P,/c = (2%x10)/(3%x10%)
F=667x108N

@ Answer (B)

E=hv = 6.625x1034x92.4x 10°
E=612x102%6J

@ Answer (C)

n = P/E = (10°)/(6.12x 1072%)
n = 1.63 x 103° photon/s
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@ Answer (B)

The number of photons of the beam per second:

n = (PA)/hc = (39.6 X6000x10°19)/(6.625x103*x3x10%) = 1.2x10%°
Only 1% of them freed electrons:

1.2x10'8

@ Answer (C)

The de Broglie wavelength . = h/my

thanawiya-archive.com

decreases as the speed increases, it does not increase.

@ Answer (A)

A = h/my
v = h/(m\)

@ Answer (C)

Electrons have a wave nature, so they interfere,

and bright and dark spots appear.

@ Answer (C)

The same wavelength means the same momentum p.

v = p/m, so the lighter one (the electron) is faster.

@ Answer (B)

A = h/my: an inverse relation.

At half the speed the wavelength doubles: 2A

@ Answer (D)

KE = (P?)/2mand P = h/(\)
KE = (h?)/(2mA?)

@ Answer (D)

E = hc/(\) = (6.625X1034x3%x10%)/(4500%x10°19) = 4.417x101° J
KE = 4.417x101°-3.36 x10'° = 1.057x10°'° J
v = V(2KE/m) = 4.82x10°> m/s

@ Answer (A)

A =h/mv = (6.625%1034)/(9.1x 103! x4.82x10°)
A=1.5%x10°m
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@ Answer (C)

A= h/ml/y
slope = (6x10729)/(3x10°) = 2x10°"° = h/m
m= (6.6x103%/(2%x101°) = 3.3x10"° kg

@ Answer (A)

A2 = (h?)/2m1/KE
The slope is inversely proportional to the mass:

my/my = fractan30°tan60° = 1/3

@ Answer (A)

v = h/(m)\) = (6.625x1073%)/(9.1x 1031 x10°10)
v = 7.28x10°m/s

@ Answer (D)

m = h/WA) = (6.625%x103%)/(12%5.5%x10739)
m = 107 kg

@ Answer (C)

A = h/mv = (6.625x1034)/(10x 5)
A= 1.325x103"m

@ Answer (D)

A« 1/my
Ay)/(Ay) = mv/(2mx4v) = 1/8
Ay = (A)/8

@ Answer (D)

KE = (h?)/(2mA\?), so the two energies are equal when mA.2 is the same.

A =20, = m, = 4m,

@ Answer (D)

A = h/mvy and the speed is the same.

The mass of the alpha particle is 4 times that of the proton.

Ap)/Ohe) = 4/1
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@ Answer (C)

KE = qV, with the same charge and potential difference,

so the energy is the same for the three: 1:1: 1

@ Answer (A)

A = h/(V(2mqV))
The smaller the mass, the larger the wavelength,

so A (the smallest mass) has the largest wavelength.

@ Answer (A)

v = V(2eV/m) = V(2% 1.6 %109 x2500)/(9.1x10731))

y = 3%x10" m/s

@ Answer (D)

KE = (P?%)/2m, so if it becomes 16 times as large, P becomes 4 times as large.

A = h/P becomes 1/4, which means it decreases by 75%.

@ Answer (A)

P = V(2m KE)
P, = V(2m KE) and P, = V(2(2m)(8KE)) = 4P,
(\)/(hy) = Py/Py = 4/1

@ Answer (C)

A = h/(V(2meV))
A= (12.27x1019/(V(700)) = 4.6x10'' m

@ Answer (D)

The magnetic lenses focus the electron beam in the electron microscope,

and they work like the lenses of the optical microscope.

° Answer (C)

Increasing the potential difference increases the kinetic energy of the electrons,
so the wavelength A = h/(V(2meV)) decreases,

and the resolving power increases.

@ Answer (A)

v = h/(m\) = (6.625%x1034)/(9.1x1031 x10719)
vy = 7.28%x10° m/s
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@ Answer (D)

V = (h?)/(2em\?)
V = (frac12.27\(mathringA))* = 150.6 V

@ Answer (B)

A= (12.27x1019/(V(V)) = (12.27%x 1019 /(v (500))
A =549x10""m

@ Answer (B)

v = V(2eV/m) = V((2%x1.6x 10719 x20000)/(9.1x10731))
y = 83.9%x10°m/s

@ Answer (C)

A =h/mv = (6.625%103%)/(9.1x 103! x83.9%10°)
A =868x10"2m

@ Answer (C)

v «V(V)
Vl/V2 = \/(16/25) = 4/5

@ Answer (C)

P = V(2meV), so V « P2
Vi/V, = (PL/4P))? = 1/16

@ Answer (A)

KE = eV: a direct relation.
OV:4V:V =9:4:1

@ Answer (B)

Ax1/(N(V))
1/3:1/2:1 =2:3:6

@ Answer (A)

A = h/(V(2mqV))
The slope = h/(V(2mq)) increases as the mass decreases.

The slope of B is larger, so its mass is smaller: my > mgp
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I Essay questions

(1)

(2)

(3) Decreases.
(4) Decreases.
(5) Decreases.
(6) Increases.
(7) Increases.
(8) Decreases.
(%)

Stays constant.

The Compton effect shows that when a photon collides with an electron it gives it momentum.
According to the law of conservation of momentum, the photon must have momentum, speed and

an equivalent mass, which are properties of particles. This proves the particle nature of light.

e Model answer
m = E/(c?) = (9 X 10'2)/((3 x 10%)?) = 10%*kg = 0.1g
Remaining mass = 10 - 0.1 =9.9 g

° Model answer

The mass converted into energy per second:
m = E/(c?) = (4.5 X 10%°)/((3 x 10%)?) = 5 x 10% kg
The mass converted into energy in one minute:

M=5x10% x 60 = 3 x 10'0 kg

° Model answer

(P]_,)ph = (PL)e : h/o"ph) = M Ve
Aph = h/(meve) = (6.625 x 103)/(9.1 x 103! x 2 X 105) = 3.64 X 10°m = 3.64
nm
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6 Model answer

(1) A = ¢/(upsilon) = (3 x 10%)/(4 x 10'°) = 7.5 x 10¥m = 75 nm

The photon belongs to the ultraviolet region.

(2)E=mc? =4 x 103 x (3 x 108)? = 3.6 x 101°J

A = he/E = (6.625 x 103* x 3 x 108)/(3.6 x 10°'°) = 5.52 X 107 m = 552 nm

The photon belongs to the visible light region.

G Model answer

A =h/mv:(A)/ () = (my vp)/(m, v,) = 2/1, 50 /v, = 2m,/my,
(KE), = 4(KE)y, : (my, v,2)/(m, v,2) = 1/4
Substituting: (my, (Zma)z)/(ma mbz) = 1/4,som,/my, = 1/16

° Model answer

(1) Eph = mc? = 3.2 x 103 x (3 x 10%)? = 2.88 x 10'1°J = 1.8 eV
Since Ep, > Ey, electrons are emitted from the surface.

(2) Eph = Ey + KE = (1.6 + 1.6) x 1.6 x 10" = 512 x 10°'1°J

m = E/(c?) = (5.12 x 1071°)/((3 x 10%)?) = 5.69 X 10736 kg

° Model answer

The photons are reflected from the surface, because their wavelength is larger than the spacings

between the atoms of the surface, so they treat it as a continuous surface and are reflected from it.

@ Model answer

The incident photons pass through the spacings, because their wavelength is smaller than the

spacings between the atoms of the surface.

° Model answer

(1) P, = h/(A) = (6.625 x 1073)/(8 x 107) = 8.28 x 10728 kg.m/s
(2) F = 2P,/c = (2 X 200)/(3 x 10%) = 1.33 x 10°N

Q Model answer

(1) The relation: F = 2P,/c , the slope: (A F)/(APy) = 2/c
(2) The relation: F = (2hupsilon) /cqy, , the slope: (A F)/(A @1) = (2hupsilon)/c = 2Py,
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@ Model answer

@) = (PyA)/hc = (0.2 X 103 X 550 X 10°°)/(6.625 x 103* x 3 x 10%) = 5.53 X
104 photon/s

Every photon emits an electron, so the rate at which electrons reach the anode is . = 5.53 X
10" electron/s

I=@.e=553x10"x 1.6 x 101 = 8848 x 10° A

@ Model answer

When an electron beam falls on a double slit, it is diffracted at each slit, then the two electron
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beams from the double slit interfere on the photographic plate and form interference fringes.
These two properties (interference and diffraction) are properties of waves, which proves the wave

nature of electrons and supports the wave theory of particles.

Vv = V(Q2(E-Ey)/m.) = V(2 X (4-2) x 1.6 x 10°19)/(9.1 x 1031)) = 8.39 x 10°
m/s

A = h/(m.v) = (6.625 x 1034 /(9.1 x 103! x 8.39 x 10°) = 8.68 x 10°'°m =
8.68 AA

@ Model answer

v = V(2eV/m,) = V(2 x 1.6 x 10°'° x 1000)/(9.1 x 1073!)) = 1.88 x 107 m/s
A = h/(m.v) = (6.625 x 103%)/(9.1 x 103! x 1.88 x 107) = 3.87 x 10°'!m =
0.387 AA

@ Model answer

Nature: the electron is a material particle that has a wave nature; the photon is a quantum of
energy (a particle of light).

Rest mass: the electron has a rest mass; the photon has no rest mass.

Momentum: the electron P = mv ; the photon P, = h/(\)

Acceleration: the electron can be accelerated by a potential difference; the photon cannot be

accelerated (its speed is constant, c).

@ Model answer

The wavelength associated with the beam used in the microscope must be smaller than the

dimensions of the tiny object.
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@ Model answer

To see the details of a particle, the wavelength of the rays falling on it must be smaller than its
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dimensions, and the wavelength of visible light is larger than the dimensions of the virus.

@ Model answer

(1) The maximum kinetic energy of the electrons increases, according to the relation KE =
1/2m.v? = eV

(2) The wavelength of the wave associated with the motion of the electrons decreases, according
to de Broglie's relation . = h/(m, V), because the speed of the electrons increases with the
potential difference.

(3) The resolving power of the microscope increases, because the wavelength associated with the

motion of the electrons is shorter.

@ Model answer

eV = 1/2m.v?, sov = V(2eV/m.)
A = h/(m.v) = h/(V(2em,)) x 1/(V(V))
The slope = (AA)/(A (1/V(V))) = h/(V(2em,))

I Past exam questions

1 2 3 4 5 6 7 8 9 10
C A C A C A D A B C
11 12 13 14 15 16 17 18 19 20
B D C D B C B D C B
21 22 23 24 25 26 27 28 29 30
C D C A B A A A C B
31 32 33 34 35 36 37 38 39 40
B B D A B B D C C C
41 42 43 44 45 46 47 48 49 50
C A C A B C D C A C
51 52

° Answer (C)

The photon loses part of its energy and momentum to the electron, so its momentum decreases

and the electron's momentum increases.
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a Answer (A)

Ax1/(N(V))
X=5x10"'% x 1.125/4.5 = 1.25 x 10’ m

e Answer (C)

A = h/my, so the wavelength is proportional to 1/v
From the graph A, = 10 AA and A, = 30 AA

/vy = )/ = 3/1

0 Answer (A)

The wavelength used is proportional to the size of the virus, and A « 1/(V(V))
V/Vy = ((A)/(A))? = (4/1)% = 16

° Answer (C)

The photon loses part of its energy, so its wavelength increases, and the mass of the electron does
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not change.

e Answer (A)

A = h/(N(2m KE)), so 1/(\*) = 2m/(h?*) KE
The slope = 2m/(h?) = (3.04 x 10%%)/(4 x 102%) = 7.6 x 103°
m = (7.6 x 10%° x (6.625 x 103%)2)/2 = 1.67 x 1027 kg

G Answer (D)

v = h/(m\) = (6.625 x 1073%)/(140 x 1.8 x 1073%) = 26.29 x 103 m/s

° Answer (A)

A 1/(N(V))
A/ = N(25/100) = 1/2

° Answer (B)

The electron gains energy, so its speed increases, and the photon loses energy, so its equivalent

mass m = E/(c%) decreases.

@ Answer (C)

A = h/mvy, and with equal speeds:
A)/(Ap) = my/me = (1.67 x 1027)/(9.1 x 1031) =~ 1835
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@ Answer (B)

Aph = hc/E = (6.625 x 1073% x 3 x 108)/(496.88 x 10°2) = 400 nm
Ae = h/P = (6.625 X 1073%)/(7.626 x 10723) = 8.7 x 1012 m

In both cases the wavelength is not larger than the size of the particle, so it can be seen with both
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microscopes.

@ Answer (D)

The size of the virus is proportional to the wavelength, and A, « 1/(~(V))
X =10 X V(1.5/37.5) = 2 nm

e Answer (C)

E « 1/(A), so the energy of the scattered photon = 4/5E
The energy lost = 1/5E

@ Answer (D)

A = h/mc = (6.625 x 1073%)/(3.68 x 1038 x 3 X 10%) = 6 X 10°m = 60 um

@ Answer (B)

PL = h/ ()\.)
((PY/((PL)y) = 240/320 = 3/4

@ Answer (C)

The wavelength must become 1/10 of its value, and A « 1/(N(V))

The potential difference becomes 100 V, which means it increases by 99 V.

@ Answer (B)

E'= 3/4E and E « 1/(\)
A= 4/3\

@ Answer (D)

Py, = (hupsilon)/c = upsilon
((PLY/((PLy) = (9.375 x 10'9)/(1.25 x 10'°) = 3/4

Q Answer (C)

m = (hupsilon)/(c?) = (6.625 x 103* x 7.9 x 10'%)/((3 x 10%)?) = 5.82 x 103% kg
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@ Answer (B)

eV = 1/2mv?, so the speed « V(V)
V1/V2 = \/(60/20) = \/(3)

@ Answer (C)

The photon loses part of its energy, so its momentum decreases and its wavelength increases.

Q Answer (D)

Py, = (hupsilon)/c, so the higher frequency gives the larger momentum.
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And all photons travel at the same speed.

e Answer (C)

Red has the longest wavelength, so its frequency, energy and momentum h/(A) have the smallest

values.

@ Answer (A)

The accelerated electrons have a high kinetic energy, so their associated wavelength is short A =

h/my

e Answer (B)

P; = (hupsilon)/c = (6.625 X 1073* X 4.2 x 10'%)/(3 x 10%) = 9.275 x 10728 kg.m/s

@ Answer (A)

A< 1/(N(V))
A1)/(Ay) = V(8000/2000) = 2/1

e Answer (A)

A)/(\) = 15/20 = 3/4 and A « 1/(N(V))
V, = 16/9V = 1.78 V, which means it increases by 0.78 V

@ Answer (A)

A = h/mv = (6.625 x 103%)/(1.67 x 1027 x 3 x 10°) = 1.32 x 1003 m

@ Answer (C)

E' = 0.999E and E « 1/().)
A= (4 X 10°)/0.999 = 4.004 x 10° m
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@ Answer (B)

A = h/mv = (6.625 x 1034)/(9.1 x 103! x 1.8 x 107) = 4 x 10! m = 0.4 AA

The wavelength is smaller than the size of the virus (300 A), so it can be seen.

° Answer (B)

Py = E/c = (hupsilon)/c and A = c/(upsilon)

Q Answer (B)

The wavelength must not be larger than X, and P, = h/(A)
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The smallest momentum = h/X

@ Answer (D)

The photon is reflected, so its momentum is reversed: A P = 2P; = (2hupsilon)/c

@ Answer (A)

E=177 X 10° x 1.6 x 10°!° = 2.832 x 10°'°J
P = E/c = (2.832 x 10°19)/(3 x 10%) = 9.44 x 10°%°> kg.m/s

e Answer (B)

KE = hupsilon - hupsilon,

KE; = hupsilon - (hupsilon)/2 = (hupsilon)/2 , KE, = 2hupsilon - (hupsilon)/2 =
(3hupsilon)/2

KE, = 3KEj, so the speed = V(3) v

e Answer (B)

v = V(2eV/m) = V(2 X 1.6 X 1071° x 300)/(9.1 x 1031)) = 1.027 x 107 m/s
A = h/mv = (6.625 x 1034)/(9.1 x 103! x 1.027 x 107) = 7.09 x 10°'' m = 0.07
nnm

e Answer (D)

The photon loses part of its energy, so its frequency decreases, while its speed stays constant (c).

@ Answer (C)

F = ZPL(pL
The slope = (A F)/(A @1) = 2Py (twice the momentum of the photon)

@ Answer (C)

m=E/(c?) = (4 X 1.6 X 10°1°)/((3 x 10%)?) = 7.11 x 103% kg
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@ Answer (C)

The photons are reflected from the shiny surface, so they exert a force on it, and the force on the
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area causes a pressure.

@ Answer (C)

A = h/(V(2m KE)), so the wavelength becomes (A.)/4
The percentage change = (A - A)/4)/(A) = 75 %

@ Answer (A)

The electron microscope depends on the wave nature of electrons (de Broglie waves).

@ Answer (C)

F = 2P ¢, = 2XY

@ Answer (A)

E = 1/()\): photon (3) has wavelength 4A and energy 3 eV
Photon (2): 6 eV, photon (1): 12 eV
The difference = 12 — 6 = 6 eV

@ Answer (B)

The photon loses part of its energy to the electron, so its wavelength A = hc/E increases.

@ Answer (C)

The electron is charged, so it is deflected in the magnetic field, and the photon is not charged, so it

continues in its straight path.

@ Answer (D)

A = h/(V(2mKE)) = (6.625 x 103 /(N2 x 9.1 x 103! x 10* x 1.6 x 10'!9)) =
1.2 x 10''m = 0.12 AA

@ Answer (C)

The photon loses energy, so its wavelength increases, and the electron gains energy, so its speed

increases and its associated wavelength decreases.

@ Answer (A)

Py = h/(A)
((P1)A)/((P1)p) = 200/800 = 1/4
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@ Answer (C)

A « 1/(NV(V)), and when the potential difference becomes 4 times as large, the wavelength
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decreases to half.

@ Model answer

Py, = hc/(Moy,
@1 = (P, A)/hc = (10 X 4500 x 1019)/(6.625 x 1034 x 3 x 10%) = 2.26 x 10"°
photon/s

The rate of emitted photoelectrons = the rate of photons falling on the surface = 2.26 x 10'°

electrons/second.

@ Model answer

(1) E = hupsilon = 6.625 x 103* x 92.4 x 10° = 6.12 x 1026 J
(2) @1, = Py/E = (100 x 10%)/(6.12 x 1072%) = 1.63 x 103° photon/s
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