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Q1. SZABMU 2024

At what angle made by scattered photon with x-axis,
we can get maximum value of Compton's shift?
[SZABMU 2024]

@ 180°
-

© 45°
® 90°

Q2. SZABMU 2024

The kinetic energy of emitted electronsin
photoelectric effect can be increased by increasing
———_[SZABMU 2024]

(a) Freguency of electromagnetic wave

Applied potential of electrodes

(©) Intensity of incident light

@ Momentum of incident photon

Q3. KU 2024

The momentum of moving photonis: [KU 2024]
@ m62

A

© 4

(D) Zero
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Q4. KU 2024

In every instant of time, wavelength associated with a
freely falling body: [KU 2024]

(&) Decreases

Increases twotimes

(©) Increases fourtimes

(©) Remains constant

Q5. KU 2024

As per 2nd photoelectric experiment, photoelectric
effect does not occurif the frequency of the incident
lightis: [KU 2024]

(&) Below the threshold frequency

Equals the threshold frequency

(© Three times the threshold frequency

(D) Twice the threshold frequency

Q6. UHS 2024
The value of Plank constantis [UHS 2024]

®) 6.63 x 1073 Js

6.63 x 10 Js
©) 668 k10 35

@) 6.63 x 10* Js '
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Q7. UHS 2024

The de-Broglie wavelength associated with a particle
moving at 10° m/s and having mass 10* kg [UHS
2024]

@ 6.6 x 10710 m

1.5 x 10° m

© 1.9 % 10 °*m

@ 7.2x10°%m

Q8. UHS 2024

Light propagates through space as a wave is evident
by all of the following EXCEPT [UHS 2024]

(&) Interference

Photoelectric effect

(c) Diffraction

(o) Polarization

Q9. BUMHS 2024

When placed in light which of the following can
generate an output voltage acrossits electrodes?
[BUMHS 2024]

(@) p-ndiode

Light emitting diode

(c) Photodiode

(D) Allofthe given options

Q10. BUMHS 2024

Photoelectron emission depends upon the: [BUMHS
2024)

(&) Intensity of incident light

Color of the body

(©) Frequency of incident light

(D) Shape of the body

Q1. BUMHS 2024

In photo-electric effect electrons are emitted on
incidence of light upon certain material surfaces:
[BUMHS 2024]

(a) Below a certain frequency
Beyond a certain wavelength
@ Above a certain frequency
(D) None of the given options
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Q12. BUMHS 2024

Letanelectron beamis accelerated by adjustable
potential V. If we decrease potential V, wavelength of
matter wave associated with electron will: [BUMHS
2024]

(&) Increase

Decrease

(©) Remain same

(D) Sometime increase sometime decrease

Q13. UHS 2023

In Compton effect, the incident photon when
compared to the scattered photonis of: [UHS 2023]
(&) Greaterfrequency

Greater energy and momentum

(© Equalenergy
(o) Greaterwavelength

Q4. UHS 2023

The process of ejection of loosely bound electrons
from a certain photo sensitive surface by absorption
of photonis called: [UHS 2023]

(n) Photoelectric effect
Compton effect
(©) Pairproduction
(o) Black bodyradiation

Q15. UHS 2023

In Compton effect, a photon of a certain wavelength
collides with a stationary electron. The wavelength of
the emitted photonis: [UHS 2023]

(&) Shorter

Longer

(©) Same

(©) Infinite

Q6. SZABMU 2023

Whichis the correct 'ascending order' in which the
following photons are arrange according to their
energy? [SZABMU 2023]

(A) Gamma rays, ultraviolet rays, microwaves
Microwaves, ultravioletrays, gammarays
(©) Gammarays, microwaves, ultraviolet rays
(©) Ultraviolet rays, gamma rays, microwaves
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Q17. SZABMU 2023

The wavelength associated with an electronis of the
order of: [SZABMU 2023]

(&) Visible light

X-rays

(©) Radiowaves

(@) Infrared

Q18. SZABMU 2023

Red lightis used in photographic dark room because
of: [SZABMU 2023]

@ Low frequency, long wavelength

Highfrequency, short wavelength

(©) Low frequency, short wavelength

@ High frequency, long wavelength

Q9. SZABMU 2023

Which photons carries the most energy? [SZABMU
2023]

(A) Violet

Blue

(© Red

(0) Green

Q20. DUHS 2023

Which of the following corresponds to the
momentum of a photon? [SINDH 2023]

® 3

hA

© #

(@ h2x!

Q21. DUHS 2023
If the wavelength of alightis 3 x 107 m, then what is
its frequency? [SINDH 2023]

(®) 1 x 10' Hz

1 x 10 Hz
© 1x 10" He

(D) 1 x 10'° Hz

Q22. DUHS 2023
The energy of light is determined by its: [SINDH 2023]

(&) Intensity

Frequency
(© Amplitude

(D) Speed
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Q23. UHS 2022

If electron, proton, neutron, and alpha particle have
same velocity, which of them has the shortest
wavelength? [UHS 2022]

(&) Electron

Proton
(© Neutron

(@) Alphaparticle

Q24.

The process of ejection of loosely bound electrons
from a certain photo sensitive surface by absorption
of photonis called: [UHS 2022]

(&) Photoelectric effect

Compton effect

(©) Pairproduction

(0) Black bodyradiation

UHS 2022

Q25. UHS 2022

Ina photoelectric effect experiment, the stopping
potentialis: [UHS 2022]

(&) The kinetic energy of the most energies electron ejected

The potential energy of the most energetic electron
ejected

(©) The photon energy

(D) The electric potential that causes the electron current to
vanish

Q26. SZABMU 2022

Red lightis used in photographic dark room because
of: [SZABMU 2022]

(&) More frequency, less wavelength

Less frequency, less wavelength

(©) Lessfrequency, more wavelength

(© More frequency, more wavelength

Q27. SZABMU 2022
Which photons carriers the most energy? [SZABMU
2022]

(®) Violet

Blue

(© Red
(@) Green
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Q28. KMU 2022

An electron will have maximum kinetic energy when it
has: [ETEA 2022]

(a) Shortwavelength

Long wavelength
(© Low frequency

(o) Circular motion

Q29. KMU 2022

In pair annihilation two gamma ray's photons created,
travel in opposite direction notin the same direction,
because: [ETEA 2022]

(&) This proves law of conservation of momentum
This proves law of conservation of energy

() This proves law of conservation of charge

() This proves law of conservation of mass-energy

Q30. KMU 2022

Which photonis travelling with largest speedin
vacuum? [ETEA 2022]

(A) Gamma photon

Visible light photon

(© Allphotons move with the speed of light
(@ Infrared

Q31. KMU 2022

In physicsitis observed that when matter and anti-
matter combine, they form: [ETEA 2022]

(A) Particles withzero charge

Particles with positive charge

(c) Particles withnegative charge

(D) Particles with dualmass

Q32. BUMHS 2022
Positron and electron annihilate into: [BMU 2022]
(A) a-rays

One v ray photon
(©) Two v ray photons

(D) X-rays

Q33. BUMHS 2022

The units of the equation of Compton scattering
AX = L(1 — cos 0) are of: [BMU 2022]

mae
(&) Length
Time

(©) Mass

(©) Frequency
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Q34. DUHS 2022

The minimum energy of photon for pair productionis
[DUHS 2022]

@) 1.027J

1.02 MeV
© 1.02eV

©) 1.02 GeV

Q35. DUHS 2022
The experimental proof of particle nature of light is:
[DUHS 2022]

(®) Photoelectric effect

Pair-production

(c) Davison-Germer experiment

(D) de-Broglie concept

Q36. PMDC 2021

Photonis made up _ quarks [NMDCAT 2021]

(&) Basons

No quark
(© Quarksinhadrons

(D) Masons

Q37. PMDC 2021
If wavelength = 500 nm of a photon, thenits
frequencyis: [NMDCAT 2021]

@) 6 x 10 Hz
5 x 104 Hz
© 7 x 10" Hz
@ 8 x 10 Hz

Q38.
Find the energy in eV of a photon having a wavelength
of 1440 nm.? [NMDCAT 2021]

() 0.867 eV

18.67 eV

(©) 9.32eV
() 0.932eV

PMDC 2021

Q39. PMDC 2021

If velocity Becomes 5 times, what happened to De
Broglie Wavelength [NMDCAT 2021]

(&) Increase by 5 times
Decrease by 5 times

(© Both
(©) None
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Q40. PMDC 2020

The wavelength associated with an electronis of the
order of: [NMDCAT 2020]

(&) Visible light

X-Rays

(©) Radiowaves

(@) Infrared

Q41. PMDC 2020

Which photon carries the most energy? [NMDCAT
2020]

(&) Blue
Red
(© Violet

(©) Green

Q42. MDCAT 2019

The value and units of the Plank constant 'h' can be
expressed as: [MDCAT 2019]
@ 6.63 x 1073 Js*

6.63 x 10* Js
(© 6.63 x 1073 Js

(D) 3.63 x 101 Js

Q43. MDCAT 2019

Calculate the energy of a photon of frequency 3.0 x
108 Hz. (h = 6.63 x 10~34 Js) [MDCAT 2019]

(&) 19.89 x 107 J

11.89 x 10710 ]
© 1.89 x 10716 J

(©) 19.89 x 10716 J

Q44. MDCAT 2018

The de Broglie wave length of an electron travelling
with aspeedof1.0 x 107 m/sequalto, (h = 6.6 x
1073 Jsandm, = 9.1 x 10~%! kg): [MDCAT 2018]

(&) 7.3 x 10" m

® 7.3x10 ' m

© 7.3x10"m
@ 7.3%x10 ¥m
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Q45. MDCAT 2018

A b-watt LED bulb converts 80% of the powerinto
light photons of wavelength 660 nm. What is the
number of photons emitted from the bulb inone
second? [MDCAT 2018]

(@) 5.8 x 10

7.5 x 108

(© 1.3 x 10¥

(D) 6.6 x 107

Q46. MDCAT 2017

The momentum of wave of wavelength 1.32 x 10 m
is: [MDCAT 2017]

5 x 10726 Ns
5 x 102" Ns
5 x 1074 Ns
5

x 1074 Ns

@e®®

Q47. MDCAT 2017
Calculate the frequency of a photon having a
momentum of 4.42 x 10~2% Ns: [MDCAT 2017]

(™) 2 x 10 He

5 x 101 He
(© 2 x 10" He
D 2 x 10" Hz

Q48. MDCAT 2015
Which one of the following has the largest energy
content? [MCAT 2015]

@) Infraredrays

Ultra violet radiations

©) 7-rays

(D) X-rays

Q49. KMU 2015

Choose the correctrelationship, when E = energy, h =
plank's constant, c = velocity of light, f = frequency, A
= wavelength: [ETEA 2015]

(&) E =hfc
® 5=
©5-=
® E=hs
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Q50. KMU 2015 Q51. KMU 2014
Which of the following is the best evidence for the Select the correctrelation between wave and particle
wave nature of matter? [ETEA 2015] nature of radiation? [ETEA 2014]
: + Ae
(a) The reflection of electrons by crystal ® E=¢
The photoelectric effect E=k
(© The Comptoneffect ©E=%k
(D) The spectralradiation form cavity radiation @ E = h)c
beambeprep.com Page 6 of 31 Official Solved Edition
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Step-by-step conceptual derivations, formula working, and distractor autopsies for every guestion.

Question #1

At what angle made by scattered photon with x-axis, we can get
maximum value of Compton's shift? [SZABMU 2024]

CORE CONCEPT AND DERIVATION

SZABMU 2024

The Compton shift calculates the changein a photon's
wavelength after colliding with an electron, heavily dependent
onthe scattering angle 6.

Formula:

AX = —(1 — cosf)
myc

Solution:

+ Tomaximize the shift AA, the expression (1 — cos ) must
be maximized.

¢ The cosine function reachesits minimum mathematical
value of -1at an angle of 180°.

* Substitutethisini1 — (—1) = 2.

s Thisrepresents adirect head-oncollision where the
photon bounces straight back, yielding the maximum
possible energy transfer to the electron and maximum
wavelength shift.

Why other options are incorrect:

At 07, cos(0) = 1yielding zero shift. At 907, cos(90) = O yielding a
standard shift of exactly one Compton wavelength, whichis half
of the maximum possible shift.

beambeprep.com Page 8 of 31

Question #2

The kinetic energy of emitted electronsin photoelectric effect can
beincreasedbyincreasing ____ [SZABMU 20...

CORE CONCEPT AND DERIVATION

SZABMU 2024

Einstein's photoelectric equation maps out exactly what
governs the speed (kinetic energy) of electrons ejected froma
metal plate.

Formula:

K.Epaz = hf — @

Solution:

¢ Theworkfunction ®is aconstant material property.

e Therefore, the onlyvariable that directly increases the
maximum kinetic energy (K .E,...) of the freed electronis
anincreaseintheincidentlight's frequency f.

Why other options are incorrect:

Increasing light intensity only increases the number of electrons
emitted per second, not their individual speeds. Applied
potential helps collect electrons but does not alter their initial
ejectionkinetic energy.
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Question #3 KU 2024

The momentum of moving photonis: [KU 2024]
CORE CONCEPT AND DERIVATION

Despite having no resting mass, a moving photon carries
momentum as a conseguence of relativistic energy-
momentum dynamics.

Formula:

Solution:

« Using de Broglie's foundational wave-particle relation,
momentum is definitively given as Planck’s constant
divided by the particle's wavelength.

e Thus p= %perfectly describes photon momentum.

Why other options are incorrect:

me’ represents rest-mass energy, not momentum (and photons
have no rest mass anyway). "Zero" momentum would mean the
photon carries no energy and exerts no radiation pressure,
whichis false.

beambeprep.com Page 9 of 31
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Question #4 KU 2024

In every instant of time, wavelength associated with a freely falling
body: [KU2024]

CORE CONCEPT AND DERIVATION

Abodyinfree fallaccelerates constantly downward due to
gravity, meaning its velocity continuously increases over time.

Formula:

Solution:

e Asthefalling object accelerates (velocity vincreases
every instant), the denominatorin the de Broglie equation
grows larger.

¢ Becausewavelength Aisinversely proportional to velocity
v, a continuously increasing velocity yields a continuously
shrinking wavelength.

 Therefore, the wavelength continuously decreases.

Why other options are incorrect:
Increasing wavelength would require the object to be slowing

down. Remaining constant would require the objecttofallat a
terminal (constant) velocity, which contradicts "freely falling".
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Question #5 KU 2024

As per 2nd photoelectric experiment, photoelectric effect does
not occurif the frequency of the incident ligh...

CORE CONCEPT AND DERIVATION

Electrons are bound to their host metal by attractive atomic
forces. Arigid energy barrier must be brokento free them.

Formula:

E = hf

K. B = hf = h‘fﬂ

Solution:

* Theterm f,represents the critical "threshold frequency”
specific tothat metal.

+ [Iftheincominglight's frequency fis strictly less than f;;, a
single photon will lack the required binding energy to rip
an electronout.

+ Because quantum interactions are strictly one-to-one
(one photon to one electron), no emission can occur,
regardless of how intensely the light shines.

Why other options are incorrect:
At exactly the threshold frequency, emission does occur

(though electrons emerge with zero kinetic energy). Above the
threshold, the effect easily occurs.

beambeprep.com
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Question #6 UHS 2024

The value of Plank constant is [UHS 2024]
CORE CONCEPT AND DERIVATION

Planck's constant is the fundamental proportionality factorin
guantum mechanics, anchoring the energy of photons to their
respective wave frequencies.

Formula:

-
I
|

Solution:

e Thescientifically established universal constant value is
6.626 x 1073 J -5,

* [tquantifies the "action” inthe quantumrealm, dictating
the step-sizes of energy quantization.

Why other options are incorrect:

Positive exponents represent numbers larger than the
observable universe, completely violating the microscopic
nature of quantum mechanics. Js ! represents a unit of Power
(Watts), not Action.
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Question #7 UHS 2024

The de-Broglie wavelength associated with a particle moving at
[Formula] and having mass [Formula] [UHS 2024]

CORE CONCEPT AND DERIVATION

Matter possesses wave-like behavior depending directly onits
physical momentumn.

Formula:

Solution:
o Givenmassm = 10 kg and velocity v = 10° m/s.
o Usingh=~66x10*J.s.
e Calculate momentum:p = (107%) x (10%) = 10"* kg m/s.
e Substituteinto equation: A = mg'i

T

e Result:A=6.6x10""m.

Why other options are incorrect:
The other options are the result of arithmetic mistakes,

specifically mishandling the subtraction of negative exponents
during the final division step.

beambeprep.com
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Question #8 UHS 2024

Light propagates through space as a wave is evident by all of the
following EXCEPT [UHS 2024]

CORE CONCEPT AND DERIVATION

Historical experiments strictly categorize light phenomena into
those proving wave theory (continuous oscillation) and those
proving particle theory (discrete quantization).

Formula:
N/A

Solution:

s Interference (Young's double slit), diffraction (bending
around obstacles), and polarization (transverse oscillation
orientation) can ONLY be explained by modeling light as a
wave.

* However, the Photoelectric effect utterly defies wave
logic; classical wave theory predicted delayed electron
emission at low intensities, which never happens.

* Einstein solvedthis by proving light acts as a discrete
particle (photon) during the photoelectric effect.

Why other options are incorrect:

The question asks for the EXCEPTION to wave evidence.
Interference, Diffraction, and Polarization are explicitly wave
evidence, leaving only the Photoelectric effect as the particle
exception.
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Question #9 R.GH (93] BUMHS 2024 Question #10 LGB (%) BUMHS 2024
When placed in light which of the following can generate an output Photoelectron emission depends upon the: [BUMHS 2024]

voltage acrossits electrodes? [BUMHS 2024]
CORE CONCEPT AND DERIVATION

CORE CONCEPT AND DERIVATION
The fundamental trigger for the photoelectric effect hinges

Semiconductor devices can manipulate photons. Some emit entirely on quantum energy levels, not macroscopic quantities
photons when given electricity, while others create electricity or shapes.
when struck by photons.

Formula:
Formula:

E=hf

N/A
Solution: ]

Solution:

+ Aphotodiode (or a photovoltaic cell)is specifically

. . . . ; s Anelectronwill strictly refuse to leave the metal surface
engineered with an active depletion region.

unlessitis hit by a single photon carrying energy equal to
or greater than the metal's work function.

+« When photons strike it, they generate electron-hole pairs,

which the internal electric field pushes to opposite ends.
B BE ¢ Because photonenergyis dictated exclusively by

frequency (f), the mere occurrence of emissionrelies

: ) ) entirely on reaching this specific threshold frequency.
« Thischarge separation acts as a battery. generatinga

measurable output voltage/current purely from light
exposure.
Why other options are incorrect:

Intense low-frequency light will never cause emission. Shape
and color of the macroscopic body have absolutely no bearing
on atomic-level quantum binding energies.

Why other options are incorrect:

A standard p-n diode s an electrical one-way valve, not
designed for optical interactions. A Light Emitting Diode (LED)
does the exact opposite—it consumes voltage to produce
light.
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Question #11 BUMHS 2024

in photo-electric effect electrons are emitted on incidence of light
upon certainmaterial surfaces: [BUMHS 20...
CORE CONCEPT AND DERIVATION

A binding energy barrier (work function) exists for electronsina
metal, requiring a minimum packet of incident energy to
overcome.

Formula:

Solution:

* Since energy scales directly with frequency, a threshold
frequency (fy) exists.

* Lightmust possess a frequency strictly above this f; limit
to provide enough individual photon energy to eject an
electron.

Why other options are incorrect:

"Below a certain frequency” provides insufficient energy.
"Beyond a certain wavelength” implies longer wavelengths,
which means lower frequencies and lower energy, defeating
emission.

beambeprep.com
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Question #12 BUMHS 2024

Letan electron beam is accelerated by adjustable potential V. If we
decrease potential V, wavelength of matte...

CORE CONCEPT AND DERIVATION

An accelerating voltage imparts electrical potential energy into
an electron, converting it completely into kinetic energy, which
inturn defines its momentum and wavelength.

Formula:

K.E=¢el

Solution:

e Theformula explicitly places the voltage V inside the
denominator.

s Thisestablishes aninverse-square-root relationship
between the associated matter wavelength and the
applied voltage.

¢ Therefore,if youactively decrease the voltage V, the
denominator shrinks, causing the resulting wavelength A
toincrease.

Why other options are incorrect:
Decreasing the voltage removes kinetic energy, making the

electron slower. A slower electron has less momentum, leading
to a larger, not smaller, wavelength.
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Question #13 UHS 2023

in Compton effect, the incident photon when compared to the
scattered photonis of: [UHS 2023]

CORE CONCEPT AND DERIVATION

The Compton effectinvolves aninelastic collisionbetween a

high-energy photon and aresting electron, adhering to
conservation of energy.

Formula:

Et’rtc:dent == E.scﬂ:tf:rcd + K'Eclcr:trm

Solution:

+ Because theincident photon transfers a portion of its
initial energy to the target electron to knock it away, the
scattered photon must have less energy.

* Since energy E and momentum pfor a photon are
proportional (E = pc), the incident photoninherently
possesses greater energy and greater momentum than
the scattered photon.

Why other options are incorrect:

Option A(Greater frequency)is also technically true. but Option
B provides amuch more complete and physically rigorous
description of the initial vs final state. 's source key marked the
answer as "Greater energy and momentum”. Actually, incident
has shorter wavelength, greater frequency, greaterenergy,
greatermomentum. The exact historical correct option per the
key is "Greater energy and momentum”.

beambeprep.com
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Question #14 UHS 2023

The process of gjection of loosely bound electrons from a certain
photo sensitive surface by absorption of pho...

CORE CONCEPT AND DERIVATION

The emission of electrons when electromagnetic radiation hits a
material is a core quantum phenomenon.

Formula:
N/A

Solution:

¢ Thisisthe exact definition of the photoelectric effect.

« Anincoming photonis completely absorbed by an atomic
electron. If the photon's energy exceeds the work
function of the metal, the electronis violently ejected.

Why other options are incorrect:

The Compton effect involves photon scattering (not complete
absorption). Pair productionis energy becoming mass. Black
body radiationis a thermal emission process.

Question #15 UHS 2023

In Compton effect, aphoton of a certain wavelength collides with a
stationary electron. The wavelength of the...

CORE CONCEPT AND DERIVATION

Compton scattering dictates that anincident photonloses
energy whenit collides with a stationary electron.

Formula:

h
Ascattered — Aincident = _(1 — Cos H)
m,c

Solution:

« Becausethe photon transfers kinetic energy to the
electron, its own final energy decreases.

he

e Energyand wavelength are inversely proportional (E = <

).

s Adecreaseinenergy guarantees anincreasein
wavelength. Thus, the emitted (scattered) photonhas a
strictly longer wavelength.

Why other options are incorrect:
Ashorter wavelengthwould imply the photon magically gained

energy from nowhere. "Same" implies a perfectly elastic
collisionwith no energy transfer, which does not happen.
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Question #16 SZABMU 2023

Which is the correct ‘ascending order’ in which the following
photons are arrange according to theirenergy?[...

CORE CONCEPT AND DERIVATION

The electromagnetic spectrum classifies waves. Energy per
photon directly scales with frequency.

Formula:

Exf

Solution:

+ "Ascending order” means starting with the lowest energy
and moving to the highest energy.

+ Microwaves have long wavelengths and very low energy.

+ Ultraviolet rays sit above visible light and have
intermediate energy.

* (Gamma rays haveincredibly short wavelengths and the
highest energy in the universe.

+ Thesequenceis: Microwaves — Ultraviolet -+ Gamma
rays.

Why other options are incorrect:

Any order starting with Gamma rays is a descending order.
Placing ultraviolet below microwaves is factually incorrect
regarding the EM spectrum.
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Question #17 SZABMU 2023

The wavelength associated with an electronis of the order of:
[SZABMU 2023]

CORE CONCEPT AND DERIVATION

This addresses the fundamental scale of quantum mechanical
matter waves for particles accelerated to practical laboratory
energies.

Formula:
- h
v 2melV
Solution:

« Anelectronaccelerated through typically encountered
potentials (tens to thousands of volts) achieves ade
Broglie wavelengthinthe realm of 0.01 nmto 1 nm.

e This exact spatial dimension matches the wavelength of
X-rays, making crystalline atomic structures excellent
diffraction gratings for both X-rays and electrons.

Why other options are incorrect:

Visible, Infrared, and Radio waves represent macroscopic
wavelengths (hundreds of nanometers to meters) that a high-
speed fundamental particle does not naturally mimic.
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Question #18 SZABMU 2023

Redlightis usedin photographic dark room because of: [SZABMU
2023]

CORE CONCEPT AND DERIVATION

To prevent the unwanted exposure of photosensitive
chemicals, ambient light must consist of photons that lack the
threshold energy required to initiate the chemical reaction.
Formula:

E = hf = avrac{hc}{\lambda}

Solution:

s Energyis directly proportional to frequency and inversely
proportional to wavelength.

« Red light sits at the lower-frequency end of the visible
spectrum.

* |tinherently possesses alLow frequency and long
wavelength, meaning its photons carry minimal energy.

Why other options are incorrect:

Options with high frequency or short wavelength describe
energetic light (like blue or UV) which would instantly expose
and ruin undeveloped film.
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Question #19 SZABMU 2023

Which photons carries the most energy? [SZABMU 2023]

CORE CONCEPT AND DERIVATION

Within the visible light band, photon energy correlates with the
color spectrum sequence.

Formula:

Solution:

e Recalling the spectrum ROYGBIV (Red, Orange, Yellow,
Green, Blue, Indigo, Violet).

« Frequency and energy increase as we move from Red
toward Violet.

e \Violetsits at the extreme high-frequency end (= 750 THz),
giving its photons the highest individual energy.

Why other options are incorrect:

Red is the lowest energy. Blue and Green are moderate, falling
strictly below Violetinenergy.

Question #20 DUHS 2023

Which of the following corresponds to the momentum of a photon?
[SINDH 2023]

CORE CONCEPT AND DERIVATION

In gquantum mechanics, a photon is massless but still carries
physical momentum tied to its wave properties.

Formula:

=]
Il
e

Solution:

« Thisisdirectly derived from de Broglie's hypothesis and
Einstein's mass-energy equivalence combined with
Planck'srelation.

e Themomentum pis universally expressed as Planck's
constant divided by the wavelength.

Why other options are incorrect:

Multiplying the values or inverting the fraction produces units
that do not correspond to momentum (kg m/'s).
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Question #21 LCEA(.Y] DUHS 2023 Question #22 RGH(:)] DUHS 2023
if the wavelength of alight is [Formula] , then what is its frequency? The energy of light is determined by its: [SINDH 2023]

bR anea) CORE CONCEPT AND DERIVATION

CORE CONCEFTAND DERIVATION In classical wave theory, energy was believed to depend on

The wave speed equation relates the constant speed of light to amplitude. Quantum mechanics shattered this by proving the
its frequency and wavelength. energy of individual light quanta (photons) depends solelyona
different parameter.
Formula:
Formula:
e=fA = f= E
E = hf
Solution:
Solution:

e Usinge=3x10"m/sandA =3 x 10 " m,
s Planck and Einstein demonstrated that a single photon's
energy is completely dictated by its frequency f.

e Changingtheintensity of light merely changes the
number of photons, not the energy of each individual

+ The coefficientscancel:3/3 = 1.
photon.

* Subtract the denominator exponent from the numerator: . .
S Why other options are incorrect:
8 —(=7)=15.
Amplitude and Intensity relate to the total macroscopic

brightness, not quantum energy. Speed is constant for all light

The frequencyisexactly 1 x 10" Hz. : ; : o
® a y ¥ = inavacuum, so it cannot act as a variable determining energy.

Why other options are incorrect:

The alternative options reflect simple arithmetic errorsin
handling the subtraction of negative exponents.
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Question #23 UHS 2022

ifelectron, proton, neutron, and alpha particle have same velocity,
which of them has the shortest wavelength...

CORE CONCEPT AND DERIVATION

For objects moving atidentical velocities, their de Broglie
wavelengths depend solely on their masses in an inversely
proportional relationship.

Formula:

Solution:

* Since velocity vis constant for all particles, A oc .

* To find the shortest wavelength, we mustidentify the
particle with the largest mass.

« Analphaparticle consists of 2 protons and 2 neutrons
(mass = 4 amu), making it significantly heavier than an
electron, a single proton, or a single neutron.

* Therefore, the alpha particle has the shortest wavelength.

Why other options are incorrect:

Anelectron has the smallest mass and would thus exhibit the
longest wavelength. Protons and neutrons have intermediate
masses.
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Question #24 UHS 2022

The process of gjection of loosely bound electrons from a certain
photo sensitive surface by absorption of pho...

CORE CONCEPT AND DERIVATION

When light of sufficient energy strikes a material, it can eject
electrons. This phenomenon proves the quantization of light
energy.

Formula:

K.E,,.=hf-a

Solution:

e Thedirectabsorption of a photonleading to the ejection
of anelectron from a material's surface is definitively
known as the photoelectric effect.

Why other options are incorrect:

The Compton effectis the scattering of a photon by a free
electron. Pair productionis the creation of an electron-positron
pair from a high-energy photon. Black body radiation describes
continuous thermal emission.
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Question #25 UHS 2022

in a photoelectric effect experiment, the stopping potential is: [UHS
2022]

CORE CONCEPT AND DERIVATION

Stopping potential is a macroscopic experimental
measurement used to determine the maximum kinetic energy
of microscopic photoelectrons.

Formula:

eVy = K.E, ..

Solution:

* |nthe experiment, areverse voltageis applied between
the emitting and collecting plates.

+ Thisretarding potential creates an electric field that slows
down the ejected electrons.

* The specific voltage at which even the most energetic
electrons are turned back—reducing the measurable
current to precisely zero—is defined as the stopping
potential.

Why other options are incorrect:
While stopping potential is proportional to the maximum kinetic

energy (K.E,... = eVp), itis fundamentally an electric potential
(measuredin Volts), not an energy (measured in Joules or eV).
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Question #2646

Red lightis usedin photographic dark room because of: [SZABMU
20221

CORE CONCEPT AND DERIVATION

SZABMU 2022

Photographic paperis coated with light-sensitive chemicals
(like silver halides) that react when struck by photons with
energy above a certain threshold.

Formula:

Solution:

e Toavoidruining the developing photos, a darkroom must
use light whose individual photons lack the energy to
trigger the chemical reaction.

e Redlightsits at the far end of the visible spectrum.

e |thasthelongestwavelength and consequently the
lowest frequency, meaning its photons carry the least
energy.

Why other options are incorrect:
Options claiming "More frequency" or "less wavelength” would

describe energetic light like blue or violet, which would instantly
expose and ruin photographic paper.
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Question #27

Which photons carriers the most energy? [SZABMU 2022]

SZABMU 202

CORE CONCEPT AND DERIVATION

The energy of aphotonin the visible spectrumis dictated
inversely by its wavelength.

Formula:

|5

Solution:

+ The standard visible spectrum colorsindecreasing
wavelength (increasing energy) order are: Red, Orange,

Yellow, Green, Blue, Indigo, Violet.

Violet has the shortest wavelength (= 380 nm) and the
highest frequency.

* Therefore, violet photons carry the maximum discrete

energy.

Why other options are incorrect:

Red light has the lowest energy, while green and blue fallin the
intermediate energy ranges.
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Question #28

An electron will have maximum kinetic energy whenit has: [ETEA
20221

CORE CONCEPT AND DERIVATION

KMU 2022

The momentum and kinetic energy of anelectron are
fundamentally linked toits de Broglie wavelength.

Formula:

Solution:

Rearranging the formula for kinetic energy yields: K.E =

ImAt"

This demonstrates aninverse square relationship between
kinetic energy and wavelength.

Therefore, to maximize kinetic energy, the electron must
have the smallest (shortest) possible wavelength.

Why other options are incorrect:

Along wavelength implies low momentum and minimal kinetic
energy. "Low frequency" for matter waves also correlates with
low energy. Circular motion s irrelevant to maximizing intrinsic
translational kinetic energy.
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Question #29 KMU 2022

In pair annihilation two gamma ray’s photons created, travelin
opposite direction not in the same direction, ...

CORE CONCEPT AND DERIVATION

Pair annihilation occurs when an electron and a positron collide,
mutually destroying their masses and converting them entirely
into energy.

Formula:

ﬁt'm{m! = ﬁf trial

Solution:

+ Assuming the electron and positron annihilate atrest, the
totalinitial momentum of the systemis zero.

« Toensurethe final state also has zero net momentum, at
least two photons must be produced.

+ These two photons must travelin exactly opposite
directions so that theirindividual momentum vectors (g
and —p) cancel out perfectly.

Why other options are incorrect:

While mass-energy and charge are also conservedin this
reaction, directionality specifically satisfies the vector nature of
momentum conservation. Energyis a scalar and has no
directional constraint.
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Question #30 KMU 2022

Which photon is travelling with largest speed in vacuum? [ETEA
20221

CORE CONCEPT AND DERIVATION

Afundamental postulate of electromagnetism and Special
Relativity is the invariance of the speed of light for all massless
particles inavacuum.

Formula:

c=3x10°m/s

Solution:

e Photons are the gauge bosons of the electromagnetic
force and possess precisely zerorest mass.

» Regardless of their frequency, energy, or position onthe
electromagnetic spectrum (gamma, visible, radio), all
massless particles must travel at exactly cin a vacuum.

Why other options are incorrect:
Assuming higher energy (Gamma) translates to higher speed is

aclassical mechanics fallacy. Energy differences in photons
appear as frequency shifts, not speed changes.
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Question #31 KMU 2022

in physicsitis observed that when matter and anti-matter combine,
they form: [ETEA 2022]

CORE CONCEPT AND DERIVATION

Matter and antimatter pairs (like an electron and positron)
possess exactly opposite quantum numbers, notably electrical
charge.

Formula:

e +et = v+

Solution:

+ Whenthey collide and annihilate, the net charge of the
systemis—-1+1=0.

+ Bythelaw of conservation of charge, the resulting
particles must also have atotalnet charge of zero.

+ The annihilation produces high-energy gamma-ray
photons, which are fundamental particles carrying
precisely zero electrical charge.

Why other options are incorrect:
Forming charged particles would violate the fundamental law of

charge conservation. "Dual mass” is a fictional physical
concept.
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Question #32 BUMHS 2022

Positron and electron annihilate into: [BMU 2022]

CORE CONCEPT AND DERIVATION

The annihilation of anelectron and a positron must satisfy both
the conservation of mass-energy and the conservation of
momentum.

Formula:

mec’ = 2hf

Solution:

s |f they annihilate at rest, initial momentum s zero.

« Asingle photon cannot have zero momentum (sincep =
E/c), so one photon cannot be produced.

* Therefore, two gamma () ray photons must be
generated, firing off in exactly opposite directions to
ensure total momentum remains zero.

Why other options are incorrect:
Alpha rays are massive helium nuclei. X-rays do not contain

enough energy to account for the 1.02 MeV rest mass
conversion of an electron-positron pair.
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Question #33 BUMHS 2022

The units of the equation of Compton scattering [Formula] are of:
[BMU2022]

CORE CONCEPT AND DERIVATION

Dimensional analysis ensures that both sides of a physical
equation carry the identical fundamental units.

Formula:

A3 — % — i

Solution:

¢ Theleft side of the equationis A, whichrepresents the
shiftinwavelength.

+ Wavelengthis a spatial dimension, measured
fundamentally in meters.

+ Therefore, the entire right side of the expression, often
called the Compton wavelength (;f;), must also evaluate
tounits of Length.

Why other options are incorrect:

Time (seconds), Mass (kg), and Frequency (Hertz) do not match
the dimensions of wavelength.
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Question #34 DUHS 2022

The minimum energy of photon for pair production is [DUHS 2022]
CORE CONCEPT AND DERIVATION

To spontaneously create matter from energy, the single
initiating photon must carry energy at least equivalent to the
rest mass energy of the created particles.

Formula:

2
Emm == 2mr_~C

Solution:

s Pairproductiontypically generates anelectronand a
positron.

e Therest massenergy of a single electronis approximately
0.511 MeV.

s Sincetwo particles are created, the photon must possess
atleast 2 x 0.511 MeV = 1.022 MeV of energy.

Why other options are incorrect:
Joules (J) at that numerical value would be a macroscopic,

astronomically massive energy for a photon. 1.02 eV is visible
light (far too weak). GeVis a thousand times too large.
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Question #35 DUHS 2022

The experimental proof of particle nature of light is: [DUHS 2022]
CORE CONCEPT AND DERIVATION

The behavior of light acting as discrete, quantized packets of
energy (photons) rather than a continuous wave fundamentally
shifted modern physics.

Formula:

Solution:

s The photoelectric effect, explained by Albert Einsteinin
1905, demonstrated that electrons are emitted from
metals only if incident light exceeds a specific threshold
frequency, regardless of intensity.

+ Thisimplies light energy is delivered in discrete lumps
(particles called photons), rather than accumulating
smoothly as a classical wave would predict.

Why other options are incorrect:

The Davisson-Germer experiment proved the wave nature of
matter. Pair-production also involves photons but the
photoelectric effectis the classic, historical foundation that
earned Einstein the Nobel Prize for the particle nature of light.
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Question #3646 PMDC 2021

Photonis made up _ quarks [NMDCAT 2021]
CORE CONCEPT AND DERIVATION
Inthe Standard Model of particle physics, fundamental

particles are categorized by theirinteractions and internal
structures.
Formula:

N/A

Solution:

e Quarks combine to form composite particles called
hadrons (like protons and neutrons).

* Aphotonis agauge bosonresponsible for mediating the
electromagnetic force.

s |tis amassless, fundamental, elementary particle withno
internal structure or constituent quarks.

Why other options are incorrect:
Photons are gauge bosons, hot composite "basons” (bosons)

made of quarks. Mesons (spelled here as "Masons”) containa
quark and an antiquark, which does not apply to light.
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Question #37 PMDC 2021

ifwavelength = 500 nm of a photon, thenits frequency is: [INMDCAT
2021]

CORE CONCEPT AND DERIVATION

The frequency of alight wave is determined by the speed of
light divided by its wavelength.

Formula:

>0

Solution:

e Substitute the speed of lightc = 3 x 10° m/sand
wavelength A = 500 x 10 % m,

3x10°
* f=tT107

o f=0.6x10" Hz.

« Convert to standard scientific notation: 6 x 10'* Hz.

Why other options are incorrect:

Other options represent common guessing values or arithmetic
miscalculations when dividing 3 by 5.
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Question #38 PMDC 2021

Find the energy in eV of a photon having a wavelength of 1440 nm.?
[NMDCAT 2021]

CORE CONCEPT AND DERIVATION

Photon energy in electron-volts (eV) can be quickly calculated
using a standard conversion constant for the ke product.

Formula:

1240 eV - nm

E(ineV) = X(in.om)

Solution:

e GivenA = 1440 nm.

* Substitute into the shortcut formula: £ = 240,

e FE ~=0.861 ¢V (using he = 1242 yields = (.863 eV, and more
precise constants yield ~ 0.867 eV).

* (.867eV.

Why other options are incorrect:

Forgetting to convert Joules to electron-volts or misplacing the
decimal gives incorrect orders of magnitude like 18.67 eV.
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Question #39

if velocity Becomes 5 times, what happened to De Broglie
Wavelength [NMDCAT 2021]

CORE CONCEPT AND DERIVATION

The de Broglie wavelength of a moving massive particleis
strictly inversely proportional to its velocity.

Formula:

Solution:

* Because velocity visinthe denominator, increasing it
proportionally shrinks the wavelength.

e |[fthe newvelocityv' = 5v, thenthe new wavelengthis

(o
A= m(bv) — 5’\‘

» Thus, the wavelength decreases by afactorof 5.

Why other options are incorrect:
Assuming a direct proportionality would mistakenly lead to

"Increase by 5 times". Wavelength and velocity scale
oppositely.
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Question #40

The wavelength associated with an electronis of the order of:
[NMDCAT 2020]

CORE CONCEPT AND DERIVATION

PMDC 2020

Accelerated electronsin standard practical scenarios (like
cathode ray tubes or electron microscopes) possess sufficient
momentum to yield highly compressed wavelengths.

Formula:

Bl

Solution:

s Typicalkinetic energies for experimental electrons arein
therange of eV to keV.

e Thiscorresponds to de Broglie wavelengthsinthe range
of 10’ mto 102 m.

e Thislength scale coincides exactly with the
electromagnetic wavelengthrange of X-rays (Angstrom
scale).

Why other options are incorrect:
Visible light (400-700 nm), Infrared, and Radio waves all have

substantially longer, macroscopic wavelengths that a fast-
moving fundamental particle would not exhibit.
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Question #41 PMDC 2020

Which photon carries the most energy? [INMDCAT 2020]
CORE CONCEPT AND DERIVATION

Within the visible light spectrum, photon energy is dictated by
frequency and wavelength.

Formula:

&
I
|5

Solution:

+ Thevisible spectrum colors span from Red (longest
wavelength, lowest frequency) to Violet (shortest
wavelength, highest frequency).

e Since Energy E isinversely proportional to wavelength A,
the shortest wavelength carries the most energy.

+« Violetsits at approximately 380-450 nm, giving it the
highest energy per photon.

Why other options are incorrect:

Red light has the longest wavelength and thus the least energy.
Blue and Green sit in the middle of the spectrum.
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Question #42 MDCAT 2019

The value and units of the Plank constant 'h'can be expressed as:
[MDCAT 2019]

CORE CONCEPT AND DERIVATION

Planck's constant is a fundamental physical constant defining
the quantum scale, mapping the relationship between energy
and frequency.

Formula:

Solution:

s Theacceptedvalueis6.626 x 10~* (usually roundedto
6.63 x 107

e Theunitis Energy (Joules) divided by Frequency (Hertz,
whichiss ).

e Thus,theunitis Joule-seconds (J - s).

Why other options are incorrect:
A positive exponent (10*) represents a cosmically massive,

incorrect value. Js ' represents Joules per second (Watts),
which is a unit of power, not action.

Official Solved Edition



beambeprep.com

BEAMBEPREP - PHYSICS - 14. DAWN OF MODERN PHYSICS

Question #43 B,G'AD)] MDCAT 2019

Calculate the energy of a photon of frequency [Formula] .
[Formula] } [MDCAT 2019]

CORE CONCEPT AND DERIVATION

The fundamental relationship in quantum mechanics states that
aphoton's energy is its frequency scaled by Planck's constant.

Formula:

Solution:

o Substitute the given values: E = (6.63 x 107 Js) x (3.0 x
10'® Hz).

« Multiply the coefficients: 6.63 x 3 = 19.89.

s Addtheexponents: —34 + 18 = —16.

e Result: E =19.89 x 1015 J,

Why other options are incorrect:

Otheroptions represent basic arithmetic errors in multiplication
(yielding 11.89) or exponent addition (yielding 10 %),
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Question #44 LGH(:)] MDCAT 2018

The de Broglie wave length of an electron travelling with a speed of
[Formula] equal to, ( [Formula] and [Form...
CORE CONCEPT AND DERIVATION

Electrons exhibit wave-like properties; their wavelengthis
determined by their momentumn.

Formula:

Solution:

e Substitute the specific values provided in the prompt:

e G610 M
— k10 M [L0x10)

_ ffixlp®
T 91x10-H

e A=0.725x10"m.

« Adjusting to standard scientific notation: 7.25 x 10! m,
whichroundsto 7.3 x 10 "' m.

Why other options are incorrect:

Positive exponents imply a macroscopic, physically impossible
wavelength foran electron. The 10 '° option stems from an error
shifting the decimal point.
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Question #45 FGH(e] MDCAT 2018
AS5-watt LED bulb converts 80% of the power into light photons of
wavelength 660 nm. What is the number of pho...

CORE CONCEPT AND DERIVATION

Total light power outputis quantized into discrete photons. The
number of photons emitted persecond is the total visible
power divided by the energy of a single photon.

Formula:
Pyight = Piptar x Efficiency
he
Ephaion == T
o -H':ght
Ephotrm
Solution:

+ EffectivelightpowerP =5 W x 0.80 =4 J/s.

6.6x10" )3 x10° 26
o Energy perphoton B = £6x10_JBx10) _ L0810 7 _ 3
107127
+ Numberof photonsn = ;= ~ 1.33 x 10" photons/s.

Why other options are incorrect:

Forgetting to account for the 80% efficiency factor gives 1.6 x
10", Incorrect unit conversions for nanometers (using 10 %
instead of 10~") leads to off-by-magnitude errors.
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Question #46 LGHI:)] MDCAT 2017

The momentum of wave of wavelength [Formula] is: [MDCAT 2017]
CORE CONCEPT AND DERIVATION

The de Broglie wavelength relates a wave's spatial period to its
physical momentum.

Formula:

b=
II
s

Solution:

o Useh=6.63x10"JsandA =132 x 10 " m.

a4

— B63x10° -
* P= Tanan®

e p=05x10% Ns(orkgms ).

Why other options are incorrect:
The other options result from incorrect manipulation of

scientific notation exponents or using incorrect values for
Planck's constant.
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Question #47 RCH(% MDCAT 2017 Question #48 RLGH(%)] MDCAT 2015
Calculate the frequency of a photon having a momentum of Which one of the following has the largest energy content? [MCAT
[Formula]: [MDCAT 2017] 2015]
CORE CONCEPT AND DERIVATION CORE CONCEPT AND DERIVATION
The frequency of aphotonis directly linked to its momentum via The energy of an electromagnetic wave is directly proportional
the speed of light. to its frequency and inversely proportional to its wavelength.
Formula: Formula:

p—£=>)«=E E:h_f:‘iﬁ

A p A

Solution:

e Intheelectromagnetic spectrum, gamma () rays possess

Sohsien: the highest frequency and the shortest wavelength.

e Substitute the givenvalues: p = 4.42 x 1072, ¢ = 3 x 10%,

h=6.63 x 10~ *. e Therefore, they carry the highest energy per photon

compared to the otherlisted types.
_ (442007 % (3x10%)
L= Geax10 A

Why other options are incorrect:

1# . .
o f=lioell o Infrared, ultraviolet, and X-rays all have progressively lower

frequencies (and longerwavelengths) than gamma rays,
meaning their energy content per photonis strictly lower.
e f=2x10"Hz

Question #49 KMU 2015

Why other options are incorrect: Choose the correct relationship, when [Formula] = energy,
[Formula] = plank's constant, [Formula] = velocityo...

CORE CONCEPT AND DERIVATION

According to the quantum theory of light proposed by Max
Planck, the energy of a single photonis directly proportional to
its frequency.

Other answers result from omitting the speed of lightcor
miscalculating the base-10 exponents during division.

Formula:

Solution:

« Theproportionality constantis Planck's constant, h.

e Thus, the definitive relationship linking energy and
frequencyissimply E = hf.
Why other options are incorrect:
Multiplying by ¢ or inverting the parameters results in equations

that violate dimensional analysis. E = ¢/ only gives frequency,
not energy.
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Question #50 KMU 2015

Which of the following is the best evidence for the wave nature of
matter? [ETEA 2015]

CORE CONCEPT AND DERIVATION

To prove that matter (like electrons) has wave-like properties, it
must exhibit phenomena exclusive to waves, such as
interference or diffraction.

Formula:

Solution:

s The Davisson-Germer experiment directed abbeam of
electrons at a nickel crystal.

* The electrons scattered, forming a diffraction pattern
(reflection from crystal planes) that perfectly matched the
wave behavior predicted by de Broglie.

Why other options are incorrect:
The photoelectric effect and Compton effect are classic

proofs for the particle nature of light, not the wave nature of
matter. Cavity radiation relies on quantized energy states.
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Question #51 KMU 2014

Select the correct relation between wave and particle nature of
radiation? [ETEA 2014]

CORE CONCEPT AND DERIVATION

The dual nature of radiation (wave-particle duality) bridges a
photon's energy (particle property) with its wavelength (wave
property).

Formula:

E=hf and c=fA

Solution:

= Substitute f = §into Planck’s energy equation.

o Thisyields E = &.

Why other options are incorrect:
The other options have algebraically incorrect arrangements of

Planck's constant, the speed of light, and wavelength, resulting
inincorrect dimensional units for energy.
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