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I Multiple choice questions — 103 questions

’ In the electromagnetic spectrum, the ratio between the wavelength of red light and the

wavelength of ultraviolet rays is «sesvevees

@ greater than one

less than one

@ equal to one

@ equal to the ratio between the speeds of the two radiations

6 In the opposite figure, when the lamp is switched on for a certain time, which of the two

surfaces A or B gets hotter?

@ Surface A

Surface B

@ Both surfaces reach the same temperature

@ The answer cannot be determined

° The dominant colour of the electromagnetic radiation emitted by an ideal black body changes
With the Qe 000000

@ mass of the body density of the body's material
@ temperature of the body @ type of the body's material
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0 The opposite figure shows a heated piece of iron. Which position on the piece has the lowest

temperature?

A

° Which of the following graphs represents Planck's curve for the radiation emitted by two
identical bodies x and y kept at constant temperatures Ty and Ty respectively, where (Ty <

T)?

Radiation intensity Radiation intensity

A

e =

Radiation intensity

6 In Planck's curve for black body radiation, if the temperature of the body decreases, then

@ the peak of the curve: shifts to higher frequencies, the area under the curve: increases
the peak of the curve: shifts to higher frequencies, the area under the curve: decreases
@ the peak of the curve: shifts to lower frequencies, the area under the curve: increases

@ the peak of the curve: shifts to lower frequencies, the area under the curve: decreases
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a An AC circuit consists of an AC source connected to a lamp and an induction coil with an iron
rod inside it, as in the opposite figure. The wavelength (A,) in the radiation emitted by the

lamp has the maximum intensity (I,). If the iron rod is taken out of the coil, then vvevereaes

£r0\

V)
Y oo
VUuvuuy
Iron rod

@ maximum radiation intensity: stays I,, wavelength at maximum intensity: stays A,

maximum radiation intensity: stays I, wavelength at maximum intensity: becomes less
than A,

@ maximum radiation intensity: becomes more than I,, wavelength at maximum intensity:

stays A,

@ maximum radiation intensity: becomes more than I,, wavelength at maximum intensity:

becomes less than A,

° Two identical bodies x and y, the temperature of x is higher than that of y. The ratio between

the rate of total radiated energy from x and that from y is «vevsseses

@ less than one equal to one

@ greater than one @ the information is not enough to decide

° In Planck's curve for black body radiation, the radiation intensity at very high frequencies

XXX RN RN

@ does not change is medium @ is very large @ approaches zero
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@ In the opposite graph, if A is the shortest wavelength of visible light and A, is the longest
wavelength of visible light, the graph may represent the radiation emitted by «vevaeves

Radiation intensity

A

- A

Mh

@ a glowing star the Earth @ a tungsten lamp @ the human body

@ The opposite graph represents Planck's curve for a hot black body. What happens to each of
the following when its temperature is raised:

(1) the number of photons emitted by the body per second?

Radiation intensity

» A (nm)
@ increases decreases

@ does not change @ cannot be determined
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@ The opposite graph represents Planck's curve for a hot black body. What happens to each of
the following when its temperature is raised:

(2) the value of the maximum radiation intensity?

Radiation intensity

A
| § MO
» A (nm)
@ becomes greater than | becomes less than |
@ stays | @ cannot be determined

@ The opposite graph represents Planck's curve for the radiation of a hot ideal black body. The
rate of emission of photons of wavelength (A1) compared to their rate of emission at

WaVelength ()\,2) lS drrrrvrvae

Radiation intensity

T

@ greater smaller

@ equal @ cannot be determined
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@ The opposite graph represents Planck's curve for the radiation of an ideal black body. Which
of the two regions shown has an explanation that contradicts the principles of classical physics?

Radiation intensity

T

MECR

- A

@ Region A Region B @ Both regions @ Neither region

@ The opposite figure shows a glowing electric lamp. The ratio between the total energy of the

invisible rays it emits and the total energy of the visible rays in the same time is svsvsvsess

@ greater than one

less than one

@ equal to one

@ unchanged when the temperature changes
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@ Which of the following graphs represents the relation between the wavelength (Ap,) at

maximum radiation intensity emitted by several identical hot bodies and the absolute

temperature (T) of each?
Km lm )"m Km
l_\‘-rr l—T LAT L—T
® © ®

@ The opposite figure shows Planck's curve of a hot black body at two temperatures T and T5.
The I‘atlo ((7\,1)/(),2)) lS et rvrnee

Radiation intensity

b T,=9600 K

T,=2400 K
/

—A

I
!
1
f
A

PJL-—-_—-.-.-—....-_-—.--..-.——-_-
—

2

(@ 1/16 1/8 (©1/4 (@) 1/2

@ A black body has a temperature of 3000 K and the wavelength of maximum radiation intensity

is A, If it is cooled to an absolute temperature T, the wavelength of maximum radiation

intensity becomes 10 A. The temperature T equals veveervees

(a) 300K (8) 2700 K (© 270K (D) 1800 K
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@ The figure in front of you shows the relation between the intensity of radiation emitted from
the surfaces of the Sun and the Earth and the wavelength (7\) If the temperature of the Sun's
surface is 6000 K, then using the data on the figure, the average temperature of the Earth's

surface is vesvesssnes

Radiation
intensity

Earth

T —s=-A{um)

(a) 9000 K 1935.9 K (©) 309.9 K (D) 200 K

@ For a black body at absolute temperature (T,), the wavelength at maximum radiation intensity
is (Ay). If the temperature of the body is raised by 500 K, the wavelength at maximum
radiation intensity decreases by (5/8A,). The temperature (T,) equals vvveverees

(&) 300 K (8) 500 K (©) 800 K (®) 1500 K

° The opposite graph represents the relation between the wavelength (A,) at maximum
radiation intensity emitted by a number of hot bodies and the reciprocal of the absolute
temperature (1/T) of each. The wavelength at maximum radiation intensity emitted by a body

at 4830 K lies in the range of «vevevaens

A(nm)

690

1
=T

x 107%™

@ infrared rays visible light @ ultraviolet rays @ X-rays
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@ The opposite figure shows a picture taken by a night vision device. The device depends on

receiving the ..vsevevs. rays emitted by bodies.

@ visible ultraviolet @ infrared @ X

e According to the assumptions of Max Planck's quantum theory:
(1) the atoms of a black body emit photons «.eevvsses

@ when they move from their ground level to a higher energy level

of different wavelengths but the same intensity

@ whose number decreases as the frequency of the radiation increases beyond a certain
limit

@ whose energy is directly proportional to the wavelength of the radiation

@ According to the assumptions of Max Planck's quantum theory:

(2) when an atom moves from a higher energy level to a lower energy level, it vvoveeee.
@ absorbs a photon of energy hv absorbs a photon of energy hv?

@ emits a photon of energy hv @ emits a photon of energy hv?

e According to the assumptions of Max Planck's quantum theory:
(3) the energy of a photon of frequency 5 X 10'% Hz equals voeeerrnns

W17x107°)] (®)33x10"7] (©66x10"7] ()99 x 1019]

@ One of the properties of cathode rays is that they are +vveeaeess
@ electromagnetic waves of constant speed
@ charged particles @ uncharged particles
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@ The opposite figure represents a cathode ray tube. Which of the parts in the tube:

(1) is the source of electrons?
1Hn @6 O
E;%’ Z—x
g:-' =t
|

s Ly

@ Part (1) Part (2) @ Part (3) @ Part (4)

@ The opposite figure represents a cathode ray tube. Which of the parts in the tube:

2) is responsible for changing the position where the electron beam hits the screen?
ble for ch h h he el b hits th
H A @
N A A\
1 =/
I

s 14

@ Part (1) Part (2) @ Part (3) @ Part (4)

@ The opposite figure represents a cathode ray tube. Which of the parts in the tube:

(3) controls the brightness on the fluorescent screen?
H A @
/L4 A

4
!

s 14

@ Part (1) Part (2) @ Part (3) @ Part (4)

11/67



Black Body Radiation

thanawiya-archive.com

@ Which figure shows the correct electric potentials used to form an image on the screen of a
cathode ray tube?

|
+

— La) oo =
Pr=—_ | | PR

Z Tﬁ“_zjj Fip=S

@ In a cathode ray tube, when the grid potential is changed from =20 V to =50 V ...vvaenes

@ the brightness on the fluorescent screen increases
the brightness on the fluorescent screen decreases
@ the deflection of the electron beam increases

@ the deflection of the electron beam decreases

@ In a cathode ray tube, when the filament is damaged «sevevsens
@ the brightness on the fluorescent screen increases
the brightness on the fluorescent screen decreases
@ the fluorescent screen does not light up

@ the deflection of the electron beam decreases

@ In a cathode ray tube, when the grid is not connected to any electric signal veeseesees

@ the path of the electron beam to the screen cannot be controlled
the fluorescent screen does not light up
@ the electron beam goes back to the cathode

@ the brightness on the screen stays almost constant

@ Which of the following choices shows what appears on the screen of a cathode ray tube when
the beam-moving system is not working?

e
® ® ® ®
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@ What happens to the path of the cathode rays when a DC voltage is connected across part (X)?

|

tﬂ@m 000D < |
——

\

| T
- = +
@ The electron beam is deflected towards the negative plate
The electron beam is deflected towards the positive plate
@ The electron beam is not deflected

@ The electron beam does not pass through part (X)

@ The kinetic energy of the electrons when they reach the anode in a cathode ray tube depends

ON vevrevenes
@ the surface area of the cathode
the type of the anode material
@ the potential difference between the two plates of the beam-directing system

@ the potential difference between the anode and the cathode

e In a cathode ray tube, if the potential difference between the anode and the cathode increases
while the temperature of the filament does not change, the rate of emission of electrons from

the filament vvvssssnes

@ increases decreases

@ does not change @ cannot be determined

@ In a cathode ray tube, the maximum speed of an electron reaches v when it is accelerated by a
potential difference V. If the potential difference acting on the electron increases to 2 V, the

maximum speed of the electron becomes vsevsvaese

@a2v B V@) v (©4v @) 1/2v
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@ The graph that represents the relation between the square of the maximum speed (v2) of the
electrons reaching the anode in a cathode ray tube and the potential difference (V) between the

anode and the cathode is sssssssees

®© © ®

@ If the potential difference between the anode and the cathode in a cathode ray tube is 1000 V:

(1) the maximum kinetic energy of the electrons is vveeeeeee

() 1.6 x 1015] 1.6 x 10°16] (0 1.6 x 10077]  (D)32 x 10713

° If the potential difference between the anode and the cathode in a cathode ray tube is 1000 V:

(2) the maximum speed of an electron emitted from the cathode when it reaches the anode

equals sevevaeans

(A) 1.88 x 10° m/s 1.88 x 107 m/s (C)3.52 x 10°m/s (D)3.52 x 10* m/s

@ The emission of electrons from the cathode surface of a photoelectric cell depends on «vevsesses
@ the type of the anode material and the intensity of the incident light
the type of the cathode material and the frequency of the incident light
@ the type of the anode material and the frequency of the incident light

@ the type of the cathode material and the intensity of the incident light

G Which of the following graphs represents the relation between the maximum kinetic energy
(KE) ax of the electrons emitted from the cathode of a photoelectric cell and the intensity of

the monochromatic light falling on the cathode?

(KE)max (KE)max (KE)max (KE)max

— | |~ |7

i
i N
) , L i g Light
—  Light L = Light - Light L - t
ime%sity intensity intensity intensity

O, © ®
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@ Electromagnetic radiation of a certain frequency fell on the cathode of a photoelectric cell and
electrons were emitted with a certain maximum kinetic energy. Then the radiation was

replaced by radiation of a higher frequency. The quantity that does not change is s+eveesesss
@ the energy of the incident photon

the speed of the incident photon

@ the maximum energy of the emitted electron

@ the maximum speed of the emitted electron

@ In the photoelectric effect, if the energy of the photon falling on the metal surface is (E;) and
the kinetic energy of the electron it frees from the surface is (E;), the ratio (E1/E;) is vevevenens

@ greater than one less than one @ equal to one @ undefined

@ In a photoelectric cell experiment, the cathode surface was lit with monochromatic light whose
frequency is greater than the threshold frequency of the metal. Then the experiment was

repeated using light of the same wavelength but with twice the light intensity. The quantity

that doubles is vvevsvenss

@ the energy of one photon

the maximum kinetic energy of the emitted electrons
@ the work function of the metal

@ the photoelectric current

@ When a light beam of wavelength 591.5 nm falls on a caesium surface, photoelectrons are only
just emitted. For electrons of energy 1.81 eV to be emitted, a beam of wavelength of about

weeressess 18 needed.

(A) 318 nm (8) 520 nm (©) 650 nm (D) 720 nm

@ When monochromatic electromagnetic radiation falls on the cathode of a photoelectric cell, a
photoelectric current passes in its circuit. The rate of emission of electrons from the cathode

decreases but does not stop when +esevseses is decreased.
@ the wavelength of the incident light the frequency of the incident light
@ the speed of the incident light @ the intensity of the incident light
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@ Which of the following factors controls the rate of emission of electrons from a metal surface

when photons with a wavelength shorter than the threshold wavelength of the surface fall on

it?
@ The frequency of the photon beam The energy of the photon
@ The intensity of the photon beam @ The momentum of the photon

@ Monochromatic light fell on a metal surface and electrons were freed at a certain rate. If

another monochromatic light of higher frequency falls on the same metal at the same rate, the

number of electrons freed per second «veeaevees

@ increases decreases

@ does not change @ cannot be determined

e The opposite figure shows light from an electric lamp falling on a photoelectric cell, causing a

photoelectric current. If the brightness of the lamp increases, the photoelectric current «vsesseses

RS -

W ——
-~

@L@
@

@ increases decreases but does not stop
@ does not change @ stops

- c
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@ In the opposite figure, a glowing black body was placed in front of a metal surface, and the
radiation from the black body caused electrons to be emitted from the metal surface. If the
temperature of the black body is raised:

(1) the rate of emission of electrons from the metal surface veeevseees

Metal
surface

Glowing
black body

@ increases decreases @ does not change @ stops

e In the opposite figure, a glowing black body was placed in front of a metal surface, and the
radiation from the black body caused electrons to be emitted from the metal surface. If the
temperature of the black body is raised:

(2) the maximum kinetic energy of the electrons emitted from the metal surface vvvevesee.

Metal
surface

Glowing
black body

@ increases decreases @ does not change @ becomes zero

@ If the frequency of the light falling on a metal surface doubles, the work function of this metal

IXEERERERN]

@ doubles becomes half

@ stays constant @ becomes four times
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@ Which of the following graphs represents the relation between the maximum kinetic energy of
the photoelectrons (KE) ,.x and the reciprocal of the wavelength of the rays falling on the
cathode of the photoelectric cell (1/(\))?

(KE) pax (KE)max (KE)max

> |

@ Light fell on a metal surface with a frequency greater than the threshold frequency of the
surface. Which of the following graphs represents the relation between the speed (v) of the
emitted electrons and the rate at which photons fall on the surface (N/t)?

v v v )
] 'y ) ]

®

® ©

N N N N
t t t

@ When light falls on a metal surface with a frequency less than the threshold frequency of the
surface, which of the following graphs represents the relation between the rate of emission of
electrons (N,/t) from the surface and the rate at which photons fall on it (N/t)?

L Ny Lo Lh

t t t t
]

-2
| Z
|z
|z
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@ When light falls on a metal surface with a frequency greater than the threshold frequency of
the surface, which of the following graphs represents the relation between the rate of emission

of electrons (N,/t) from the surface and the rate at which photons fall on it (N;/t)?

@ The opposite graph represents the relation between the maximum kinetic energy (KE) .« of
the electrons emitted from the cathode of a photoelectric cell and the frequency of the incident

light (V). The value a divided by the value b represents vvvvvvvves
o

/

- U
'd
,I
—-avr
Y
@ Planck's constant the threshold frequency
@ the work function @ the photon energy
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@ The opposite figure represents the relation between the frequency of the light falling on the
surfaces of three metals A, B, D and the maximum kinetic energy of the electrons emitted from

them. If the work functions of these metals are Ep, Ep, Ep, then veveeaeess

(KE)max

=D

Vy Vg Vp

@EA<EB<ED EA:EB<ED @EA>EB>ED @EA:EB:ED

@ Three metal surfaces (x), (y), (z): surfaces (x) and (y) are caesium and surface (z) is silver.
Electromagnetic radiation of wavelengths A, 2/3 A and A fell on them respectively, and
photoelectrons were emitted from all three surfaces. Given that the work function of caesium
is less than that of silver, the correct order of the three surfaces by the maximum speed of the

electrons emitted from them is veevsssses

®z<y<x z>y>x ©X=z<y ®z<x<y

@ Given that the work functions of potassium and silver are 1.8 eV and 4.73 eV respectively,
which of the following graphs represents the relation between the maximum kinetic energy

(KE) ax of the electrons emitted from each and the frequency (V) of the light falling on each?

{KE)max{ev) (KE) rnax(ev) (KE) max(ev) (KE)mnx(eV)

Potassi
S silver

Silver /mslum

Silver

Potassium

0 ~ v (Hz)

®

0 v (Hz) 0 VU (Hz)

® ©
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@ The opposite graph represents the relation between the maximum kinetic energy (KE) ax of
the electrons emitted from two metal surfaces (1) and (2) and the wavelength (A) of the

photons falling on each. Which metal has the larger work function?

(KE)max
i

- A

@ Metal (l)
Metal (2)

@ Both metals have the same work function

@ The answer cannot be determined

@ The opposite figure shows the relation between the maximum kinetic energy of the electrons
emitted from the cathode surface of a photoelectric cell and the frequency of the light falling

on it. Which of the following quantities gives Planck's constant?

(KE)pax(3)

» U (Hz)

AD D/(B + A) (©) A/B (®) C/(B-A)
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@ The opposite graph represents the relation between the maximum kinetic energy (KE) ax of
the electrons emitted from a metal surface and the frequency (V) of the incident light. The
I'atIO (El/EQ) equaIS I YRR N

(KE) yax
E2

E,l-”

(&) 1/2 1/3 (©1/4 (@) 1/5

@ Monochromatic electromagnetic radiation fell on a metal surface whose work function is 3 eV.
Which of the following choices can represent the energy of the incident photon and the

maximum kinetic energy of the electrons emitted?

@ incident photon energy: 2 eV, maximum kinetic energy of the electrons: 1 eV
incident photon energy: 2 eV, maximum kinetic energy of the electrons: 5 eV
@ incident photon energy: 4 eV, maximum kinetic energy of the electrons: 1 eV

@ incident photon energy: 4 eV, maximum kinetic energy of the electrons: 2 eV

@ Electromagnetic radiation of frequency V fell on a metal surface whose work function is 3 eV,
and electrons were emitted with a maximum kinetic energy of 2 eV. If the radiation is replaced
by another of frequency 2 V, the maximum kinetic energy of the emitted electrons equals

XXX RN

@7CV 6eV ©5eV ®4eV

@ A metal surface has a threshold frequency V.. A light beam of frequency 5V, fell on it and
photoelectrons were emitted with a maximum speed of 8 X 10° m/s. If the frequency of the

incident light becomes 2V, the maximum speed of the emitted electrons becomes vovaeaeses

A6 x10°m/s  (8)4x 105m/s  (©)8 x 10°m/s (D)1 x 10° m/s

22167



Black Body Radiation

thanawiya-archive.com

@ Monochromatic electromagnetic radiation fell on each of two metal surfaces (x) and (y) whose
work functions are 3 eV and 4 eV respectively. The maximum kinetic energies of the electrons

emitted from the two surfaces respectively can be vvevsesess
@ (x): 1 eV, (y):2eV (x):2¢eV,(y):1eV
@ (x):3eV,(y):1eV @ (x): 2 eV, (y):2eV

@ In the photoelectric cell experiment, using electromagnetic radiation of wavelength A, the
maximum kinetic energy of the emitted electrons was KE. If another radiation of wavelength

(A)/2 is used, the maximum kinetic energy of the emitted electrons becomes vvevveves
@ zero less than 2 KE and greater than KE
@ 2 KE @ greater than 2 KE

° When light of wavelength 623 nm falls on a metal surface, electrons are freed with a speed of
4.6 X 10° m/s:

(1) the work function of this surface equals vvvveeeess

(A)223x107°] (8)319%x10°] (©)4.15%x 10'°] (©)4.6 x 1017]

@ When light of wavelength 623 nm falls on a metal surface, electrons are freed with a speed of
4.6 x 10° m/s:

(2) the threshold frequency of this surface equals vveeeeee.
(4) 6.94 x 10" Hz (8)6.26 x 10" Hz (C)4.81 x 10'*Hz (D)3.37 x 104 Hz

@ In a photoelectric cell, when yellow light falls on the cathode surface no electrons are emitted,
while when blue light falls on it electrons are emitted at a certain rate. If red light falls on the

same cathode surface, the rate of emission of electrons vevesssses
@ increases decreases but does not stop
@ becomes zero @ does not change

@ If the threshold frequency of a metal surface lies within the frequencies of blue light, the rays
falling on this metal that allow electrons to be emitted from it are in the region of v.vsvevess

rays.

@ infrared ultraviolet @ radio @ red
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@ Four photons x, y, z, k with energies 6 eV, 5 eV, 4 eV and 3 eV respectively fell one at a time
on a metal surface whose work function is E,, and three electrons were emitted from the

surface. The work function Ey; of this surface is «veveesess
(A)6eV>E, > 5eV (B)5eV > E, > 4eV
(©)4eV>E,>3eV (D) 3eV > E,

@ Electromagnetic radiation of wavelength 3100 A fell on the cathode of a photoelectric cell and
photoelectrons were emitted with a maximum kinetic energy of 2.5 eV. The work function of

the cathode material equals +eveerenss

(a) 3.1 eV (8) 2.4 eV (© 1.5eV () 0.9 eV

@ If the work function of a metal surface is 3.3125 X 107!° J, the threshold frequency of this

metal equals +evevaeans

(A 45%x 10%Hz (8)48 x 10Hz (©)5 x 10 Hz  (D)5.5 x 10" Hz

@ If the work function of a metal surface is 2.48 eV, the longest wavelength of incident light that

frees electrons from the surface equals vesvsvaess

(A4 x 107 m ()5 x 107 m (©55%x107m (@6 x 107 m

@ When monochromatic light (a) of wavelength 4000 A falls on a metal surface, electrons are
emitted with a speed of 5.3 X 10° m/s. If another monochromatic light (b) of wavelength
5500 A falls on the same metal surface, then light (b) vvveeesess

@ has a frequency greater than the threshold frequency of the metal
has a frequency less than the threshold frequency of the metal
@ has a frequency equal to the threshold frequency of the metal

@ frees electrons from the metal with a greater speed
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@ The opposite graph shows the relation between the maximum kinetic energy (KE) . of the
electrons emitted from a metal surface and the frequency (V) of the light falling on it. Using
the graph:

(1) the threshold frequency of the metal surface equals vvveervves

{Kli‘,)muxlﬂ'zo(l)
401 1]
20 i
10
e Vx10"(Hz

(A)24x10%H: (8)25x104Hz (©)3 x 10 Hz (D) 4.8 x 10" Hz

@ The opposite graph shows the relation between the maximum kinetic energy (KE) .« of the
electrons emitted from a metal surface and the frequency (V) of the light falling on it. Using
the graph:

(2) the wavelength of the light that causes electrons to be emitted with a maximum kinetic

energy of 20 X 10720 J equals sevvvvvess

(KE)naxx1020(7)
'}

40 Sy |

30

20¢

10

' : = Vx10'4(Hz
2 4 6 8 10 12 W

(A1 x 10°m ()5 x 107 m (©1.67x105m (©)3x 10 m
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@ In a photoelectric cell, different monochromatic light rays fell on the cathode, and the opposite
graph shows the relation between the maximum kinetic energy (KE),x of the released
electrons and the frequency (V) of the incident light:

(1) the threshold wavelength of the cathode material equals vvvveeeee.

(KE),,2xx10719(7)
A

/ > Vx1014(Hz)

(4)2.07 x 107 m 6.9x 107m  (©)2.07 x 108m (0)6.9 x 108 m

@ In a photoelectric cell, different monochromatic light rays fell on the cathode, and the opposite
graph shows the relation between the maximum kinetic energy (KE) .« of the released
electrons and the frequency (V) of the incident light:

(2) the frequency of the incident light needed for an electron to be freed from the cathode

surface with a maximum kinetic energy of 9.6 X 10717 J is vuvveeeens
-19
(KE)pmaxx10747(J)
A

/ > Vx1014(Hz)

-
s
'y

-9.6{
T

(A)1.45 x 105 Hz (8)2.9 x 10"Hz ()58 x 10" Hz (D) 19.2 x 10'° Hz
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@ The opposite figure represents the relation between the maximum kinetic energy (KE) . of
the electrons emitted from a metal surface and the frequency (V) of the light falling on it. If

the work function of this metal surface is 5 X 107!° J, the value of X equals veeverrees

(KE) nax
}

X

- —»V(Hz)

Vi 207 3Y;

(A5 x 1019] (®)1 x 1017] (©2x101] () 3 x 1019]

@ A photon of energy 3 hv fell on a metal surface whose work function is hv. The number of

electrons this photon can free equals «vevaevees

@zero 1 @2 @3

@ Light of frequency V fell on a metal surface whose work function is E,, and the maximum
kinetic energy of the emitted electrons was KE. If the frequency of the incident light doubles,

the maximum kinetic energy of the emitted electrons becomes +vsessvaes

(A) 2 KE (8) 2KE - E, (©) 2KE + E, (D) 2KE + 2E,

@ If the threshold wavelength of zinc is 3000 A, its work function equals vesvseeres
(A) 4.42 x 1019] 221 x 10°)] (€33 x 10'°] (0)6.625 x 1017]

Radiation of wavelength 3000 A fell on a metal surface and photoelectrons were emitted with
a maximum kinetic energy of 0.5 eV. If another radiation of wavelength 2000 A falls on the

same metal surface, the maximum kinetic energy of the photoelectrons becomes «vevaevees

@ zero less than 0.5 eV and greater than zero
@ 0.5 eV @ greater than 0.5 eV
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@ The opposite figure shows monochromatic light falling with the same intensity on two
different surfaces (x, y) whose threshold frequencies are 1/3 v and 1/2 V respectively. Which
of the following graphs represents the ratios of the kinetic energies of the electrons emitted

from the two surfaces?

o

'Uc=%‘l)

c

@ Light of frequency 6 X 10'4 Hz fell on a metal surface and the maximum kinetic energy of
the emitted electrons was 0.18 eV. When light of frequency 1.6 X 10!> Hz fell on the same
metal surface, the maximum kinetic energy of the emitted electrons was 4.32 eV. The value of

Planck's constant is ssssseeses

(A) 6.626 x 1034 ]s 6.602 x 10734 ].s
(©) 6.624 x 1034 ]s (D) 6.614 x 1034 s

e The energy needed to free an electron from a metal surface is 3.968 X 10719 J. Three
monochromatic light beams of wavelengths 7000 A, 6200 A and 5000 A fall on the metal

surface:

(1) the light beam that frees electrons is the one of wavelength «vvvuuuee

(a) 7000 A 6200 A (©) 5000 A (D) all of them

@ The energy needed to free an electron from a metal surface is 3.968 X 107!° J. Three
monochromatic light beams of wavelengths 7000 A, 6200 A and 5000 A fall on the metal

surface:

(2) the energy of the freed electron equals vevevvvee

W 114 x 102'] (8)3.97 x 102'] (©)7.94 x 1022] (D)7 x 1022]
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@ In two different experiments on the photoelectric effect, two beams of electromagnetic rays of
frequencies 4 X 10!5 Hz and 6 X 10'° Hz fell on two surfaces of the same metal, and the
ratio between the maximum kinetic energies of the released electrons in the two experiments

respectively was 1 : 3. The threshold frequency of this surface is svsvsvsess

A2 x 10°Hz () 10' Hz (©3x10%Hz (D)4 x 10' Hz

@ The opposite table shows the radiation intensity and frequency of three spectra (A, B, C), each
used separately to light a metal surface whose work function is 3.056 X 1071° J. Which of

these spectra (A, B, C) can free the largest number of electrons per second?

-

Intensity Frequency (Hz) | Spectrum

High |35x10¥4| A

Medium |55 x 1014| B

low 175x104| C
@A B @ C @BandCtogether

e The opposite figure shows the photoelectric effect for a certain metal surface whose work

function is 1/2 hv. Which of the following figures shows a surface of the same metal?

v
KE
6\
Wt A A
20 20 20 20
3.KQ 2.Q 2.Q
€ e € 15KE
[-
- s b ‘W>mf'm
O, © ®

@ Light fell on a metal surface whose work function is 3 eV:

(1) the lowest frequency of light that causes photoelectrons to be emitted equals vvvveeeee.

(A) 4.5 x 10'5 Hz 1.21 x 105 Hz (€)7.25 x 10" Hz (D) 4.5 x 10'* Hz
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@ Light fell on a metal surface whose work function is 3 eV:

(2) the longest wavelength of light that causes photoelectrons to be emitted is veevvveee
(A) 1.07 x 107 m 414 x 107m (©)6.67 x 108m (D) 1.07 X 108 m

@ Light fell on a metal surface whose work function is 3 eV:

(3) the frequency of the light that causes photoelectrons to be emitted with a maximum

kinetic energy of 2 eV is vvaesreaes

(A 1.5 x 10" Hz (8)3.03 x 10" Hz () 1.21 x 105 Hz (D) 2.71 x 10'5 Hz

@ The opposite table shows the wavelengths of some colours of the visible spectrum. If these

colours fall on the cathode of a photoelectric cell whose surface work function is 2.2 eV:

(1) the colours that cause photoelectrons to be emitted when they fall on the cathode are

IXEERERERN]

——

Wavelength Colour
(A)

6500 Red

5800 Yellow
5625 Green
4500 Blue

4000 Violet

—
@ red and yellow only blue and violet only
@ violet only @ green, blue and violet
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@ The opposite table shows the wavelengths of some colours of the visible spectrum. If these
colours fall on the cathode of a photoelectric cell whose surface work function is 2.2 eV:

(2) the greatest speed of the emitted electrons when these colours fall on the cathode surface

IS vevevenene

——

Wavelength Colour
(A)

6500 Red
5800 Yellow
5625 GreeT
4500 Blue
4000 Violi

(A) 445 x 103 m/s 13.38 x 10% m/s (C) 5.64 x 10°m/s (D) 5.41 x 10* m/s

@ In the following figures, electrons with the same maximum kinetic energy were emitted from

the surface of each metal. Which of these metals has the largest surface work function?

Green light Red light Blue light Yellow light

-

Metal M Metal Z Metal Y Metal X

® © ®
@ Metal X Metal Y @ Metal Z @ Metal M

@ Monochromatic light of wavelength A fell on a metal surface and the kinetic energy of the
emitted electrons was 1.6 X 107!1° J. When another monochromatic light of wavelength
(A.)/2 fell on the same surface, the kinetic energy of the emitted electrons was 6.4 X 10719 J.

The work function of this surface equals «vevaevees

(A)1.2 x 1019] 1.6 x 101°]  (©24x10"] (032 x 1019]

31/67



Black Body Radiation

thanawiya-archive.com

@ When the frequency of the photons falling on the metal surface in a photoelectric cell increases
by 20%, the kinetic energy of the electrons emitted from the metal surface increases from 0.5

eV to 0.8 eV. The work function of this metal iS ceeeeeeess

AW6.4x1017] ()48x10"7] (©32x10Y] (1.6 x 10"]
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I Essay questions — 18 questions

’ Compare: the radiation emitted by the Sun (a glowing body) and the radiation emitted by the
Earth (a non-glowing body)

(in terms of: the region in which the wavelength of maximum radiation intensity lies).

a How did Max Planck explain the fall in the intensity of radiation emitted by a glowing body at

high frequencies?

e Give a reason: a person can see the radiation emitted by a glowing piece of coal in a dark

room, while he cannot see some of the things in the room.

0 An iron rod was heated gradually and different colours of the radiation it emits were seen at
different temperatures. What is the dominant visible colour that appears first while heating the

rod? How do you explain this?

e State one application (or use) of:
(1) infrared rays.
(2) micrometre waves.

(3) the thermal radiation emitted by the human body.

° The opposite figure shows a picture taken with a special type of camera. Explain what the

different colour of each part shows, and what scientific idea this type of imaging depends on.
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a The opposite diagram shows the structure of a cathode ray tube:
(1) Which part are the electrons emitted from? What condition is needed for their emission?
(2) How does part (2) control the brightness of the fluorescent screen from one point to
another?
(3) State two functions that part (3) performs for the electron beam.
(4) What factor controls the speed of the electrons when they reach part (3)?
(5) Why is the tube evacuated of air?

1) 2 3 4)
\ / A/

e

° The opposite figure shows a diagram of a cathode ray tube working perfectly. What happens to
the cathode rays inside the tube when:
(1) the X plates stop working?
(2) the Y plates stop working?

+
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6 The opposite figure represents a photoelectric cell:
(1) Explain why the anode is made of a thin wire.
(2) Which property of the incident light can be increased to increase the ammeter reading?
(3) What are the factors that affect each of:
(a) the work function of the metal surface?

(b) the maximum kinetic energy of the electrons emitted from the cathode?

transparent
\\ material
Emitted

photoelectrons \

Incident light

Cathode

Vacuum,_ |
Anode

Ammeter

s

Battery

Voltmeter

@ Explain: electrons may not be emitted from a metal surface even though it is exposed to a

certain electromagnetic radiation for a long time.

° Explain why, when very bright red light falls on a caesium surface, no photoelectrons are

emitted, while when dim blue light falls on it, photoelectrons are emitted from the surface.

@ Compare: the cathode ray tube and the photoelectric cell (in terms of: the type of energy that

frees the electrons from the cathode).

@ If the work function of copper is 4.4 eV, can visible light free electrons when it is shone on a

copper surface? Explain your answer.
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@ Write the mathematical relation shown by the graph and what the slope of the straight line

equals for each of the following:

where: (V) is the frequency, (E) the photon energy, (A) the photon wavelength.

(

E(J)
A

"\

(2) (1)
E(J)
A

P

s

3 ™ - (Hy)

@ A scientist plotted the values he got in an experiment on the photoelectric effect for a metal, as

in the opposite graph. Find:

(1) Planck's constant.

2) the threshold frequency of the metal.
q y

(KE)._. x1071°(2)

6.4

1.6

4

e e o e e e e e e e e

=V X 1014(Hz)
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@ The opposite graph shows the relation between the maximum kinetic energy of the electrons
emitted from the surfaces of three metals (x , y, z) and the frequency of the light falling on
each. Using the graph:

(1) Calculate the work function of metal y.

(2) What is the lowest frequency of electromagnetic radiation needed to free an electron from
any of these metals?

(3) If light of a certain frequency falls so that it frees electrons from the surface of each of the

three metals, which metal releases electrons with the greatest kinetic energy? Explain your

ansSwer.

(KE)max(J)

2 4 6 8

L koM
10 12 14 16 18

G Light of frequency V1 fell on the surface of metal x whose work function is (Ew)x, and
photoelectrons were emitted with a maximum kinetic energy (KE)1. Another light of frequency
U3 fell on the surface of metal y whose work function is (Ew)y, and photoelectrons were
emitted with a maximum kinetic energy (KE)2. Given that (Ew)y < (Ew)x and (KE)2 = (KE)4,
which light has the higher frequency? Explain your answer.

@ The opposite figure shows a glowing black body placed midway between two metal surfaces (x
, ). The work function of metal (x) is twice that of metal (y), and electrons were emitted from

both surfaces. From which surface are electrons emitted at a greater rate? Why?

Metal
surface

Glowing
black body

d - d

37167



Black Body Radiation

thanawiya-archive.com

I Past exam questions — 27 questions

’ Which of the following graphs shows the relation between the photon energy (E) in black body

radiation and its wavelength ( 7\ (Ist session 2023)

NETRS

a The opposite figure represents Planck's curve for the radiation emitted by a hot body. If the
body is left to cool, the curve can be represented by figure vvveeeeet (2nd session 2023)

(Note: the figures are not drawn to scale)

Radiation intensity

A BCD

Radiation inten sity Radiation intensity Radiation intensity Radiation intensity
D D
c CH-----=-
B B :
A A |
T T !I T l
A Cc D
®
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e The opposite graph shows Planck's curve for the radiation of a hot body at 6000 K, and the
wavelength at maximum radiation intensity emitted by the body is Ag. For the wavelength at

maximum radiation intensity to become (2A0), «eevvsuree (2nd session 2024)

Radiation intensity

I
A

|
|
|
1
I
|
I
I
I

] = A (nm)
A

0

@ the temperature must be lowered by 1500 K
the temperature must be raised by 3000 K
@ the temperature must be lowered by 3000 K

@ the temperature must be raised by 1500 K

° The opposite graph shows the relation between the wavelength (7\) at maximum radiation
intensity emitted by a hot body and the reciprocal of the temperature (1/T) on the kelvin scale.
The wavelength at maximum radiation intensity emitted by the body at 2000 K equals +vsevsees
(1st session 2024)

A x1077(m)
A

113 e

|
I
S
| |

# L i 1 -3 -1

s FTXIO (K™)
6 3

(a) 15000 AA 20000 AA (©) 15000 nm (D) 20000 nm
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° A laser is emitted with a wavelength of 200 nm. How many emitted laser photons have a total
energy of 1 joule? (Sample exam 2025)

(2) 8.32 x 10'8 1.01 x 10'%  (©)1.36 x 10'* (D) 9.95 x 10'°

° The graph represents the relation between the intensity of electromagnetic radiation (I) and the
wavelength (7\) of the radiation emitted by three glowing bodies (X), (Y), (Z). Which of the
following statements is correct? (1st session 2025)

Radiation intensity (1)

A

I
1
I
|
!

@ Body (X) has the highest temperature of the three bodies
Body (Y) has the highest temperature of the three bodies
@ Body (Z) has the highest temperature of the three bodies

@ The three bodies have the same temperature
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a The opposite graph represents Planck's curve for solar radiation. The radiation of wavelength
A2 may be ..eveevees rays, and the energy of one of its photons is «sveeveess the energy of a

photon of the radiation of wavelength A1 (2nd session 2025)

Radiation intensity (1)

A
» Wavelength
()
@ ultraviolet , equal to ultraviolet , greater than
@ infrared , less than @ infrared , equal to

° The graph represents the relation between the intensity of electromagnetic radiation (I) and the
wavelength (7\) of the radiation emitted by three glowing bodies. The ratio between the
wavelengths at maximum radiation intensity (Az : Ay : Ax) is «evvvsunns (Sample exam 2026)

Radiation intensity (1)

A

A
AW 4:5:6 (3)6:5:4 (©5:10:12 (0)15:12:10

41/ 67



Black Body Radiation thanawiya-archive.com

6 Two glowing bodies (X) and (Y) of the same material and the same surface area, at
temperatures 2000 K and 6000 K respectively, each emit electromagnetic radiation. If the
frequencies at which their maximum radiation intensity occurs are upsilony and upsilony

respectively, the ratio (upsilony)/(upsilony) equals «......... (Sample exam 2026)

(x)1/3 3/1 (© 3/4 (®) 4/3

@ In the opposite figure, when one of the wavelengths of green light falls on a caesium surface,
electrons are only just freed from it. In which of the following figures are electrons freed from

the caesium surface with kinetic energy? (Trial exam / June 2021)

A of green Ilg::‘_/’:’rlJ

+ 4+ +

Caesium metal

aMorangellgh;JJ—’ Adyellowllgp:—rr’ !ofredllght/j_‘—’ “'h""e“gmrr‘_,

+ +

+ + + + + + o+ o+

®

@ |+

®

° The opposite graph shows the relation between the maximum kinetic energy of the electrons
emitted from the photoelectric cell and the frequency of the light falling on the cathode. Which
of the following wavelengths frees electrons with a kinetic energy of 6.6 X 10720 J? (Trial
exam / June 2021)

(KE)maxx 1070 (J)
7.7
6.6
55
4.4
33
2.2
1.1

) SR TR B 1 ERE S e 1
510715730 25 30 35 40 45 50 55 60~ > 10 2

AW55x10"m  (3)53x10"m (©)56%x107m ()57 x 107 m
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@ The opposite graph represents the relation between the maximum kinetic energy of the
electrons released from a metal surface and the frequency of the light falling on it. The unit of
the value of point (2) divided by the value of point (1) is veeeeeeees (Ist session 2021)

(KE)max(J)
'

= U (HZ)

@

L

(a) kgmZ.s J/s (©) kgm?2.s7! (D) kgm.s™!

@ The opposite graph represents the relation between the maximum kinetic energy of the
electrons emitted from the cathode surface of a photoelectric cell and the frequency of the

incident light. The work function of the surface is vvveeeeeee (Ist session 2021)

KEx 10719())
6.6

55
44
33
2.2
1.1

vx 10'(Hz)

33 66 99 132 165

(a) 2.7 ev 0.27 eV (©) 0.027 eV (D) 27 eV
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@ The opposite figure shows the relation between the photoelectric current and the intensity of
the light falling on the cathode of three photoelectric cells of different metals (X, Y, Z). Which

metal has a threshold frequency greater than the frequency of the incident light? (2nd session

2021 )
Photoelectric current
A
Metal (X)
Metal (Y)
Metal (Z)
Incident light
intensity

@ Metal (X) Metal (Y) @ Metal (Z) @ All the metals

@ The graph represents the relation between the kinetic energy of the electrons released from the
surfaces of four metals (A, B, C, D) and the frequency of the light falling on each. Which
frequency allows electrons to be emitted from the surfaces of metals (A, B) only and not from

the surfaces of metals (C, D)? (1st session 2022)

KE (eV)

0 w >

D
_.LZ._.._ vx1015(Hz)
Vs

*

() upsilons upsilon; (©) upsilon, (D) upsilon,
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@ The figure shows a metal surface X whose threshold frequency is upsilon.. A photon of
frequency (upsilon; = 2upsilon,) fell on it and the electron was freed with a maximum
kinetic energy (KE){. When the photon was replaced by another of frequency (upsilon, =
4upsilon.), the electron was freed with a maximum kinetic energy (KE),. The ratio ((KE)1)/
((KE);) = «evevenene (1st session 2022)

(KE), (KE),
Emlt‘tednelectron Ul =0 uc Emll'ted:lectron "02 A D
e—\7 =t :

Ao f \\
Ve

Metal surface (X)

(a)1/2 1/3 (© 1/4 (®) 1/8

@ A metal surface has a work function (E). A photon of energy (E1), equal to three times the
work function, fell on it and the electron was freed with speed (v). When the first photon is

replaced by another of energy (E,), equal to seven times the work function, the electron will

be freed with speed «..eeevees (2nd session 2022)

OREX (®)3v ©v®) v D6V

@ Given that the electron mass = 9.1 X 10731 kg, the electron charge = 1.6 X 10 ¢,
Planck's constant = 6.625 X 1073 J.s and the speed of light in vacuum = 3 X 10% m/s, and
using the data on the drawing, the maximum speed of the electron emitted when a UV photon

falls on a thorium surface equals «v.eeeeeee (2nd session 2022)

UV photon Electron

_ ®v="
A =250 nmlg\/ /

Thorium metal

E, =34eV
(a) 7.43 x 10°m/s (8) 7.43 x 10°m/s (C) 7.43 x 10°m/s (D) 7.43 x 10> m/s
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@ Electromagnetic radiation fell on three surfaces of different metals A, B, C, and photoelectrons
were freed from each surface. If the order of the work functions of these metals is (Ey)c >
(Ew)s > (Ey)a, which of the following choices gives the correct order of the maximum

kinetic energy of the photoelectrons? (Trial exam 2023)
() (KE)g < (KE)5 < (KE)g (KE)c < (KE)y < (KE)a
(©) (KE)p < (KE)c < (KE)g (®) (KE)c < (KE)o < (KE)y

@ When the grid potential in a cathode ray tube is changed from (-12 V) to (-4 V) while the
potential difference between the anode and the cathode stays constant, which of the following

choices is correct? (1st session 2024)

@ rate of electrons passing through the grid: decreases , screen brightness: increases
rate of electrons passing through the grid: increases , screen brightness: increases
@ rate of electrons passing through the grid: decreases , screen brightness: decreases

@ rate of electrons passing through the grid: increases , screen brightness: decreases

6 When photons of light of frequency (V) fell at a rate ¢, on the cathode of a photoelectric cell,
the photoelectric current produced was 3 mA. When the rate at which photons of the same
light fall on the cathode is doubled, +vvvsvaese (1st session 2024)

@ current: 3 mA , work function: stays the same
current: 3 mA , work function: becomes half
@ current: 6 mA , work function: stays the same
@ current: 9 mA , work function: doubles

@ If the potential difference used between the anode and the cathode in a cathode ray tube is 500
V, the maximum kinetic energy of the electrons emitted from the cathode equals +eveerenss
(Sample exam 2025)

W4 x107y5  ®8&x10V7y  (©12x107J ()16 x 107 J
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@ The opposite figure represents a diagram of the binding energy of the electrons in a metal

surface. The work function of the metal surface equals «..eeevees (Sample exam 2025)

E=-25¢V| Q000000
E;=-3¢V 1 Q000000
E;=-35¢V Q0090000
E,;=-4eV 1 Q000000

(A)2.5ev ()3 ev (©) 3.5ev (D) 4 ev

@ Photoelectrons are emitted from a metal surface when a certain light falls on it. What happens
to the work function and to the maximum kinetic energy of the emitted electrons when

another light of higher frequency falls on the metal? (Trial exam 2023)

e Monochromatic light of frequency 6 X 10'# Hz fell on the cathode of a photoelectric cell and
electrons were emitted with a maximum kinetic energy of 1 eV. When another light of
frequency (X) hertz fell on the same cathode, the maximum kinetic energy of the emitted

electrons was 0.38 eV. Calculate the frequency of light (X). (Ist session 2023)

@ The figure shows the photoelectric effect in two cases (X, Y). In case (X), dim blue light falls on
the metal surface, and in case (Y), high-intensity red light falls on the same metal surface.
Assuming electrons are emitted from the metal surface in both cases, compare the
photoelectrons emitted in the two cases (in terms of: their maximum speed - their rate of

emission). (1st session 2025)

Red light

Blue light
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@ The figure shows a photoelectric cell circuit on which a beam of monochromatic light falls.
The ammeter reads a weak photoelectric current in the circuit. To increase the photoelectric
current in the circuit, what must be done about: (2nd session 2025)

(1) the way the battery is connected in the circuit?

(2) the properties of the light falling on the cell?

>

[ 1557
®

e

rdlas
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Answer key and solutions

I Multiple choice questions

1 2 3 4 5 6 7 8 9 10
A B C A B D D C D A
11 12 13 14 15 16 17 18 19 20
A A B A A C C A C A
21 22 23 24 25 26 27 28 29 30
B C C C B C A D B C
31 32 33 34 35 36 37 38 39 40
B C D D B D C B A B
41 42 43 44 45 46 47 48 49 50
B B D B A D A D C C
51 52 53 54 55 56 57 58 59 60
A A A C D A C B A A
61 62 63 64 65 66 67 68 69 70
D B B D B C A B B D
71 72 73 74 75 76 77 78 79 80
A D C B C C C B B C
81 82 83 84 85 86 87 88 89 90
B A B A B C D D A C
91 92 93 94 95 96 97 98 99 100
C D C B D C B C D C
101 102 103
B D D

’ Answer (A)

Red light has a longer wavelength than ultraviolet,
so the ratio (Aeq)/(Ayy) is greater than one.

6 Answer (B)

A black surface absorbs more radiation than a white one,

so surface B gets hotter.

e Answer (C)

The dominant colour of black body radiation changes with its temperature only,

and does not depend on its material or mass.
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0 Answer (A)

The colour shows the temperature: yellowish white is the hottest and dark red is the coolest,

thanawiya-archive.com

so position A is the coolest.

° Answer (B)

The hotter body (x) has a higher peak, shifted to a shorter wavelength,
and the cooler body (¥) has a lower peak at a longer wavelength.

° Answer (D)

When the temperature decreases:
the peak shifts to lower frequencies,

and the area under the curve (the total energy) decreases.

G Answer (D)

Taking out the iron rod decreases the inductive reactance of the coil,
so the current increases and the lamp glows more brightly.

Iy increases and A decreases

° Answer (C)

The total radiated energy is proportional to T4.

Body x is hotter, so the ratio of its energy to that of y is greater than one.

Answer (D)

At very high frequencies the radiation intensity approaches zero,

and this is what Planck explained.

Answer (A)

A peak in the visible region means a very hot body,

such as a glowing star.

Answer (A)

Raising the temperature increases the number of photons emitted per second.

Answer (A)

Raising the temperature increases the intensity, so the value of I becomes greater.
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@ Answer (B)

At A; the intensity is lower and the photon energy is greater,
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so fewer photons are emitted at A.; than at A,.

@ Answer (A)

Classical physics predicted that the intensity increases without limit at short wavelengths,

and this contradicts the curve in region A.

@ Answer (A)

Most of the energy of a glowing lamp is infrared (invisible),

so the ratio of invisible to visible energy is greater than one.

@ Answer (C)

Wien's law: A, T = const

An inverse relation: the graph is a hyperbola.

@ Answer (C)

Am T = const
A)/(\p) = T,/T; = 2400/9600 = 1/4

@ Answer (A)

Am T = const
A'= 10)L=T' = 3000/10 = 300 K

@ Answer (C)

MT =A T,
g, = (6000 % 0.499)/9.66 = 309.9 K

@ Answer (A)

Raising the temperature decreases A. by 5/8\, so it becomes 3/8A
TO}"O = (TO + 500)3/87\.0
To = 300 K

@ Answer (B)

From the graph: A, « 1/T
Am = 690/(2.38x1074)-1/4830 = 600 nm

which is in the visible region.
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@ Answer (C)

Warm bodies emit infrared rays,
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so night vision devices depend on them.

e Answer (C)

As the frequency increases beyond a certain limit, fewer photons are emitted,

and this explains why the curve falls at high frequencies.

@ Answer (C)

The atom moves from a higher to a lower level, so it emits a photon.

E = hv

e Answer (B)

E=hv = 6.625x103*x5%x10'" = 3.3x10°19J

@ Answer (C)

Cathode rays are charged particles (electrons).

e Answer (A)

Part (1) is the filament from which the electrons are emitted.

@ Answer (D)

Part (4) is the deflecting plates, responsible for changing where the beam hits the screen.

@ Answer (B)

Part (2) is the grid, which controls the number of electrons and so the brightness.

@ Answer (C)

The filament (cathode) is negative and the grid slightly negative,

and the two anodes are positive to accelerate the electrons.

e Answer (B)

Making the grid more negative decreases the number of electrons passing,

so the brightness decreases.

@ Answer (C)

The filament is the source of electrons,

so if it is damaged no electrons are emitted and the screen does not light up.
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@ Answer (D)

The grid is what changes the brightness,
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and with no signal on it the brightness stays almost constant.

@ Answer (D)

When the moving system is not working the beam is not deflected,

so a single bright spot appears on the screen.

@ Answer (B)

Electrons are negative, so they are attracted to the positive plate,

and the beam is deflected towards it.

@ Answer (D)

The kinetic energy of the electrons at the anode depends on the potential difference between the
anode and the cathode.

KE = eV

@ Answer (C)

The rate of emission from the filament is controlled by heating it,

so it does not change when the potential difference changes.

@ Answer (B)

KE = eV = 1/2mv?
v« V(V)
v =vVQ2)v

@ Answer (A)

V2 = 2eV/m

A direct linear relation through the origin.

@ Answer (B)

KE = eV =16x1019%x1000 = 1.6 x10°16J

0 Answer (B)

v = V(2eV/m) = V(2% 1.6X101°x1000)/(9.1 x10731))
v = 1.88%x 10" m/s
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@ Answer (B)

Emission depends on the type of the cathode material (work function) and the frequency of the
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incident light.

@ Answer (D)

KE,.x does not depend on the light intensity,

so the graph is a horizontal line.

@ Answer (B)

The speed of a photon is always constant (c), whatever its frequency.

@ Answer (A)

E1=(p+KE=E2+(p
so the photon has more energy than the freed electron.

EI/EZ > 1

@ Answer (D)

Doubling the intensity doubles the number of photons,

so the number of electrons doubles, that is the photoelectric current.

0 Answer (A)

The work function:

@ = 1240/591.5 = 2.096 eV
The energy of the photon needed:
E = 2.096 + 1.81 = 3.906 eV
A = 1240/3.906 = 318 nm

@ Answer (D)

The rate decreases when the light intensity decreases,

so the number of photons decreases but does not become zero.

@ Answer (C)

The rate of emission depends on the intensity of the beam (the number of photons),

provided the frequency is above the threshold frequency.

@ Answer (C)

The number of electrons is proportional to the number of incident photons,

which has not changed, so the number of electrons does not change.
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@ Answer (A)

Increasing the lamp's brightness increases the number of photons,
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so the photoelectric current increases.

@ Answer (A)

Raising the temperature increases the total energy and the photons per second,

so the rate of emission increases.

@ Answer (A)

Raising the temperature shifts the peak to higher frequencies,

so the maximum kinetic energy increases.

@ Answer (C)

The work function is a property of the metal,

and does not depend on the frequency of the light, so it stays constant.

e Answer (D)
KE.x = h¢/(A) - @
A straight line that cuts the 1/(A) axis at a positive value.

@ Answer (A)

The speed does not change when the intensity changes,

so the relation is a horizontal line.

9 Answer (C)

The frequency is below the threshold, so no electrons are emitted.

N,/t = O for any value of N/t

@ Answer (B)

The frequency is above the threshold: each photon frees one electron.

N,/t < N;/t, a straight line from the origin.

@ Answer (A)

KE = hv - ¢
The slope = h and the intercept on the KE axis is - = -a
a/b = (p)/(vo) = h

55/67



Black Body Radiation

@ Answer (A)

The lines are parallel (slope h).
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The work function ¢ = hv
Vo < Vg < vp = Ep < Eg < Ep

@ Answer (D)

X, y are caesium and 2 is silver (larger work function)

KE = h¢/(M) - ¢

y has a shorter wavelength than X, so its speed is greater.
Z has the lowest speed because its work function is larger.

Z2<x<Yy

@ Answer (B)

Potassium has the smaller work function (1.8 eV), so its threshold frequency is lower.

The two lines are parallel (slope h) and the potassium line is on the left.

@ Answer (B)

At the same wavelength the kinetic energy for metal (2) is smaller,

so its work function is larger.

@ Answer (D)

h = slope = C/(B-A)

@ Answer (B)

@ = hvg
At 4vy: KE = 4hvg - hvg = R10)
E\/E;, = (9)/(3¢) = 1/3

@ Answer (C)

KE = Ephoton %
The photon energy must be greater than 3 eV.
4-3=1¢eV

@ Answer (A)

hw=@p+KE=3+2=5eV
2hv = 10 eV
KE'=10-3 = 7eV

56 /67



Black Body Radiation

@ Answer (B)

KE « (v -v.) and v « V(KE)
KE,/KE, = (2-1)/(5-1) = 1/4
vy/vi = 1/2

v, = 4X10°m/s

@ Answer (B)

The same photon falls on both surfaces:
KE,-KE; = @y -@px = 4-3 =1¢eV

so the surface with the smaller work function gives 1 eV more kinetic energy.

@ Answer (D)

KE = hc/(A) - @
KE' = 2hc/(A) - @ = 2KE + @
so it is greater than 2KE.

° Answer (A)

E = 1240/623 = 1.99 eV
KE = 1/2mv? = 9.6x1020J
@ =E-KE =223x10"°J

@ Answer (D)

Vo = (@)/h = (2.23x1071%)/(6.625 x 10734)
Vo = 3.37x10'* Hz

@ Answer (C)

Red has a lower frequency than yellow, which freed no electrons,
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so no electrons are emitted and the rate becomes zero.

@ Answer (B)

The threshold frequency is in the blue region,

so the rays that free electrons have higher frequencies: they are ultraviolet.

e Answer (C)

The 4, 5 and 6 eV photons freed electrons and the 3 eV photon did not.
3<p<4ev
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@ Answer (C)

E = 12400/3100 = 4 eV
@9 =E-KE=4-25=15eV

@ Answer (C)

Vo = (p)/h = (3.3125%1071°)/(6.625x 103%) = 5x10'* Hz

@ Answer (B)

A = 1240/2.48 = 500 nm = 5x 107 m

@ Answer (B)

Light (a):

E = 12400/4000 = 3.1 eV

KE = 0.8eV=¢ = 23eV

Light (b):

E = 12400/5500 = 2.25 eV < ¢

so its frequency is less than the threshold frequency.

@ Answer (C)

The line cuts the frequency axis at 3 X 1014 Hz,

which is the threshold frequency.

@ Answer (B)

@ = hvy = 6.625%x1034x3%x10'% = 2x101°J
E=KE + ¢ =20x1020 + 20x102° = 4x101°J
A =hc/E =5x107m

@ Answer (A)

@ = 9.6X1071° J from the intercept on the KE axis
Ao = he/(p) = (6.625x10734x3x10%)/(9.6x 10719)
Ao = 2.07X107 m

@ Answer (B)

@ =96x101°J
hv = KE + ¢ = 19.2x10°1°J
Vv = (19.2%x101%)/(6.625x1073%) = 2.9x10'°> Hz

58 /67



Black Body Radiation

@ Answer (A)

The line starts at V{, which is the threshold frequency, so ¢ = hv; = 5x1071°J
At 2v;: KE = 2hv; - hv; = hv,
X=5x101°J

@ Answer (B)

Each photon frees only one electron,
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however large its energy.

@ Answer (C)

hv = KE + E,
h(2v) = 2KE + 2E,
KE' = 2KE + 2E, - E,, = 2KE + Ey

@ Answer (D)

@ = hc/(hy) = (6.625x1034x3%x10%)/(3000% 1071°)
@ = 6.625x10°1°J

Answer (D)

@ = 12400/3000 - 0.5 = 3.63 eV
KE' = 12400/2000 - 3.63 = 2.57 eV
greater than 0.5 eV

@ Answer (A)

KE = hv - hv,

KE, = hv(1-1/3) = 2/3hv
KE, = hv(1-1/2) = 1/2hv
KE./KE, = 4/3

@ Answer (C)

h = (AKE)/(Av) = ((4.32-0.18) x 1.6 X 107'9) /(1.6 x 10'°-6 x 10'*)
h=6624x103%J"s

e Answer (C)

Ao = he/(p) = (6.625x1034x3%x10%)/(3.968 x101°) =~ 5000 mathringA
The beam that frees electrons has a wavelength shorter than or equal to Ay: 5000 A
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@ Answer (D)

E = hc/(5000x10°19) = 3.975x10°1° J
KE = 3.975x10!1° -3.968x 10°1° = 7x 1022 J

@ Answer (C)

KE|/KE, = (6 x10"-vy)/(4x10'°-vy) = 3
6x10' -vy, = 12x 10" - 3v,
Vo = 3x10'> Hz

@ Answer (B)

Vo = (3.056%x101°)/(6.625%103%) = 4.6 x10'* Hz

Spectrum A has a frequency below the threshold, so it frees none.

B and C free electrons, and the number of electrons is proportional to the intensity,

so spectrum B (the medium intensity) frees more than C.

@ Answer (D)

@ = 1/2hv
KE = hv - 1/2hv = 1/2hv
At 2v: KE' = 2hv - 1/2hv = 3/2hv = 3KE

@ Answer (C)

Vo = (@)/h = (3x1.6x107'%)/(6.625x103%) = 7.25x10'* Hz

@ Answer (B)

Amax = hc/(@) = 12400/3 = 4140 mathringA
=4.14x107 m

@ Answer (C)

E=¢p+KE=3+2=5¢eV
v =(5x1.6xX101)/(6.625x103%) = 1.21 x10!> Hz

@ Answer (D)

Ao = 12400/2.2 = 5636 mathringA

The colours with shorter wavelengths than this: green (5625), blue and violet.
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@ Answer (C)

The greatest speed is for the colour with the shortest wavelength (violet, 4000 A).
KE = 12400/4000 - 2.2 = 0.9 eV = 1.44x10°° J
v = V(2KE/m) = 5.64X10° m/s

@ Answer (B)

@ = Ephoton - KE with the same KE
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so the largest work function is for the highest photon energy (blue), which is metal Y.

@ Answer (D)

KE, =E-¢@ = 1.6x101°
KE, = 2E-¢@ = 6.4x10"°
Subtracting: E = 4.8x10°1° J
@ =48-16=32x101°J

@ Answer (D)

E-¢ =05and 1.2E- ¢ = 0.8
Subtracting: 0.2E = 0.3 > E = 1.5 eV
@ =15-05=1eV=16x10"7J

I Essay questions

° Model answer

Radiation emitted by the Sun: the visible light region.
Radiation emitted by the Earth: the infrared region.

Q Model answer

In black body (glowing) radiation, at frequencies higher than the frequency of maximum intensity,
as the frequency increases the photon energy increases, so fewer photons carrying that energy are

emitted and the radiation intensity decreases.

e Model answer

Because part of the radiation emitted by the piece of coal lies in the visible range since its
temperature is high, while the radiation emitted by some things in the room lies in the invisible

infrared range because their temperature is low.
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0 Model answer

Red appears first while heating, because as the temperature of the iron rod rises, the maximum
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radiation intensity shifts gradually from the longer wavelengths of the infrared region towards
shorter wavelengths, so red appears as the first visible radiation of the rod, then the colours with

shorter wavelengths appear after it.

° Model answer

(1) Exploring the Earth's resources, remote sensing, or night vision devices.
(2) Radar.

(3) Thermal imaging in medicine, especially for tumours.

° Model answer

Each part has a different colour because its temperature is different, and this imaging depends on

the thermal radiation emitted by bodies.

a Model answer

(1) Part (1). It must be heated to a suitable temperature that gives its free electrons enough
energy to overcome the surface potential barrier, so those electrons are emitted from it.

(2) Part (2) is the grid. Changing the negative potential of the grid changes the brightness of the
screen: making this potential more negative increases the repulsion between the emitted electrons
and the grid, so fewer electrons pass through the grid and reach the screen, and the brightness of
the fluorescent screen decreases. The opposite happens when the negative potential of the grid is
reduced.

(3) It accelerates the electrons, and lets a narrow beam of electrons pass through and directs it
towards the screen.

(4) The potential difference between part (1), the cathode, and part (3), the anode.

(5) To stop the electrons colliding with air molecules as they move, which prevents them from

scattering.

° Model answer

(1) The path of the electron beam cannot be directed horizontally, and a vertical line appears on
the screen.
(2) The path of the electron beam cannot be directed vertically, and a horizontal line appears on

the screen.
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e Model answer

(1) So that it does not block the light falling on the cathode while the anode collects the electrons
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emitted from the cathode, which make a current pass through the external circuit.
(2) The intensity of the incident light.

(3) (a) The type of the surface material.

(b) The type of the surface material and the energy of the incident photons.

@ Model answer

Because the highest frequency in this electromagnetic radiation may be less than the threshold
frequency of the metal surface. The condition for electrons to be emitted from the surface is that
the frequency of the radiation falling on it is greater than or equal to the threshold frequency of

the surface, and it does not depend on how long the surface is exposed to the radiation.

@ Model answer

Because the work function of caesium is greater than the energy of red light photons and less than
the energy of blue light photons, so no electrons are emitted from the metal surface when red light

falls on it, and they are emitted when blue light falls on it.

Q Model answer

Cathode ray tube: thermal energy.
Photoelectric cell: light energy.

e Model answer

Ac = hc/Ey, = (6.625 x 1073% x 3 x 10%)/(4.4 X 1.6 x 10°'°) = 2.82 x 107" m =
282 nm

Visible light ranges from 400 nm to 700 nm, so its wavelength is greater than A, and its frequency
is less than upsilon,.

Visible light cannot free electrons from the copper surface.

Q Model answer

(1) The relation: E = hupsilon , the slope: (A E)/(A upsilon) = h
(2) The relation: E = hc/(A) , the slope: (A E)/(A (1/A)) = hc
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@ Model answer

(1) Planck's constant equals the slope of the straight line.

h = (A (KE) pay)/ (A upsilon) = ((6.4-1.6) x 107'°)/((13.25-6) x 10'%) = 6.62 X
1034 J.s

(2) From the graph, at upsilon = 6 X 104 Hz : (KE)yax = 1.6 x 10717 J

upsilon. = (hupsilon - (KE) . )/h = ((6.62 X 1034 x 6 x 10'%) - 1.6 x 10°'°)/(6.62
X 1073%) = 3.58 x 10'* Hz

@ Model answer

(1) (Ew)y = h(upsilon), = 6.625 x 1073 x 8 x 10 = 5.3 x 10'1°J
(2) The lowest frequency needed to free an electron from any of these metals equals the largest

threshold frequency (upsilon.), = 12 x 10'* Hz
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(3) Metal x, because it has the smallest work function of the three metals. From (KE)p,x = Epp, -
E, with the photon energy constant, the smaller Ey, is, the larger (KE) pay is-

@ Model answer

KE = hupsilon - E, and (KE); = (KE),
hupsilon; - (Ey)x = hupsilon; - (Ey)y

Since (Ey)x > (Ey)y, then upsilon; > upsilon,

@ Model answer

The surface of metal (y), because the black body emits photons of different wavelengths (a
continuous spectrum). When its radiation falls on the surface of metal y, which has the smaller
work function, more of the incident photons per second can cause electrons to be emitted from

the surface, so electrons are emitted at a greater rate.

I Past exam questions

1 2 3 4 5 6 7 8 9 10
B C C A B A C D A A
11 12 13 14 15 16 17 18 19 20
A C C A B A B C
21 22 23 24 25 26 27
C — — — —
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so the photon energy is inversely proportional to its wavelength.

a Answer (C)

On cooling, the maximum radiation intensity decreases and its wavelength shifts towards longer

wavelengths (Wien's law).

e Answer (C)

Am T = const
T, = 6000/2 = 3000 K, so it is lowered by 3000 K

0 Answer (A)

The slope = Ay, T = (10 X 107)/(1/3 X 1073) = 3 X 103 m.K
Am = (3 X 1073)/2000 = 1.5 x 10°m = 15000 AA

° Answer (B)

N = (EAM)/hc = (1 X 200 x 107°)/(6.625 x 103* x 3 x 10%) = 1.01 x 10'8

6 Answer (A)

Body (X) has the highest radiation intensity and the shortest wavelength at that maximum, so its

temperature is the highest.

G Answer (C)

A is longer than the wavelength of maximum intensity, so it may be infrared.

E = hc/(A) and A, > A4, so its photon energy is less.

° Answer (D)

Ay < 1/T
Az Ay :Ax = 1/4000 : 1/5000 : 1/6000 = 15:12: 10

e Answer (A)

The frequency at maximum radiation intensity is directly proportional to the temperature.

(upsilony)/(upsilony) = 2000/6000 = 1/3

@ Answer (A)

Green light only just frees electrons (its frequency = the threshold frequency).

Blue light has a higher frequency, so the electrons are freed with kinetic energy.
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@ Answer (A)

From the graph upsilon. = 45 X 10'3 Hz

upsilon = upsilon. + KE/h = 45 x 1013 + (6.6 x 10729)/(6.625 x 103%) = 55 X
10'3 Hz

A = c/(upsilon) = (3 x 108)/(5.5 x 10'*) = 5.5 X 107 m

@ Answer (C)

Point (2) = -Ey (J) and point (1) = upsilon, (Hz)
E,/(upsilon.) = h and its unit is J.s = kg.m?.s™!

e Answer (A)

From the graph upsilon. = 6.6 X 10'* Hz
E,, = hupsilon, = 6.625 x 103% X 6.6 X 104 = 4.37 x 10017 J = 2.7 eV

@ Answer (C)

No current is produced from metal (Z) however much the light intensity increases, so its threshold
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frequency is greater than the frequency of the incident light.

@ Answer (A)

The threshold frequency of metal B is between upsilon, and upsilons, and that of metal C is
between upsilons and upsilony,

so frequency upsilony frees electrons from A and B only.

@ Answer (B)

KE = hupsilon - hupsilon,
(KE)| = hupsilon. , (KE), = 3hupsilon.
((KE)1)/((KE)y) = 1/3

@ Answer (A)

KE = E-E,
1/2mv? = 2E,, and 1/2mv"? = 6E,,
Vi=vV@3v

@ Answer (C)

E = hc/(A) = (6.625 x 10734 x 3 x 108)/(250 x 10°) = 7.95 x 10'1°J
KE=E-E,=795x10'"-34x 1.6 x 101 = 251 x 101°J
v = V(2KE/m) = V((2 x 2.51 x 1019)/(9.1 x 1031)) = 7.43 x 10° m/s
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@ Answer (B)

The same radiation, and KE = E - E,
so the larger the work function, the smaller the kinetic energy: (KE)c < (KE)g < (KE)a

@ Answer (C)
@ Answer (C)

The current is proportional to the rate at which photons fall, so it becomes 6 mA,
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and the work function is a property of the cathode material, so it does not change.

@ Answer (B)

KE=¢eV =16 x 10! x 500 =8 x 10017 J

e Answer (A)

The work function = the least energy needed to free an electron = the binding energy of the
highest level = 2.5 eV

@ Model answer

Work function: does not change.

Maximum kinetic energy of the emitted electrons: increases.

e Model answer

E; - (KE)| = E; - (KE),

h(upsilon, - upsilon,) = (KE); - (KE),

6.625 x 10346 x 10 -X) = (1-0.38) x 1.6 x 10°'°
X = 4.5 x 10'* Hz

@ Model answer

Maximum speed of the emitted electrons: case (X), blue light, is greater; case (Y), red light, is less.

Rate of emission of electrons: case (X) is less; case (Y) is greater.

e Model answer

(1) Connect the anode of the cell to the positive terminal of the battery and the cathode of the cell
to the negative terminal, that is, reverse the battery terminals shown in the figure.

(2) Increase the intensity of the light falling on the photoelectric cell.
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