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Credits are given for numerical problems only if evidence of calculations is presented.

Some Physics Constants:  Speed of light in vacuum ¢=3.0x10° m/s
Planck’s constant h = 6.63x10™>* J.s
Mass of electron m, =9.1x10™> kg
Mass of proton m,=1.67x107 kg
Charge of electron e = 1.6x10™"° C
Avogadro’s number N, = 6.02x10%
Energy equivalence of 1 u=931 MeV

PART 1 Qualitative questions ( 2 points each)

1. Which of the following statements best describes the principle of relativity?
(a) Time is not absolute
(b) Velocity is relative
All inertial frames are equivalent
) The ether does not exist

2.If a super-boat approaches a light house with speed ¢/3 s The speed of light from the light house measured
by the captain of the boat would be

(@ ¢/3

(b) 2¢/3
¢

(d) 4c/3

3. Planck made the quantum hypothesis to explain

(a) Photoelectric effect

(b) Wave particle duality

(c) The emission spectrum of hydrogen atom
@ The radiation spectrum of a black body

4. The best explanation why the wave nature of a bowling ball cannot be observed is
Its de Broglie wavelength is too small
(b) Its mass is too high
(c) Its speed is too low
(d) Its momentum is too small

5. Which of the following is crucial for explaining the Periodic Table of Elements?
(a)  Bohr’s theory
Pauli’s exclusion principle
(c)  Planck’s quantum hypothesis
(d)  Heisenberg’s uncertainty principle
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6. A passenger on a super-train traveling at the constant velocity of 2.5 x 108 m/s finds that the journey takes 5
hours. How long is the journey time according to a clock on the ground?
(a) 3.0 hours

(b) 4.0 hours Ab = 8% ato iy 9.6
(c) 8.0h . =
@S 9.0 hours \/ =) \/ (2;73:@) 9543

7. A spacecraft travels with speed 2¢/3 toward a star at a distance of 100 light years away from the earth. How
long is the travel time according to an astronaut on the spacecraft?

(a) 74 years at = {00 = | ol
(b) 96 years ’; s0
112 years —_—
y
(d) 230 years Aty = At }' ’1:)1 - IS'Ox\/l—(—;:‘)’- = (§O* 0.74¢
= [z

8. The sun radiates electromagnetic energy at the rate of 3.92x 10%W. The mass of the sun is 1.99x10° kg.
What is the fractional change of the sun’s mass insq one million year because of the radiation? .

Yo
(a) +6.9x107° 4 = 3-?2X'Io’—éx /O€x365x wix oo T = (-24x0 T

-6.9x107°

4o
(c) +69x107 om= B8 LMD ) 35,47
(&) -69x10" & 3xiof)
D s
Mmoo 6:2x10 MMS dectengs Peefause
irgy o Lol

9. The rest mass energy of a certain elementary particle is 3.0GeV and its kinetic energy is 1.0 GeV. Find the
speed of the particle as a multiple of the velocity of light.

Es

a) 0.55¢ €= = 3 - -
o g, T R

(c) 0.77¢

(d) 0.88¢ %.*/T*’(—’%): . o.6¢



[image: image3.png]10. An FM radio station broadcasts at a frequency of 89.5 MHz. The power radiates from the antenna is 6.0% 10*
W. How many photons does the antenna emit m one minute? .

@ 10x10°  Photer vnergy Exaﬁ_f 663x10 T é?‘in:o = 5 ?zx/ozé:l'

(b) 45x10% 60’(‘(0 <o 2
6.1x10% no., OfF PkA‘f‘W} {,M?M = _09X0 x50 é-/X'O

(d) 8.7x10™ 593x 1076

11. Electromagnetic radiation of wavelength 510nm is incident on a metal with work function 3.0 ¢V. Can
electrons be ejected from the metal? (Show calculations to support your conclusion)

(@) Yes @No

~ A ~9
Pls ity )r -LQ_ 663016 x 3% 0 3 )”O""? 2.5xi0
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12. Uttraviolet light of wavelength 300nm is incident on a metal with work function 2.5eV, causing electrons to
be emitted. Which of the following statements is correct?

(a) No electrons will be emitted.

(b) Electrons will be emitted with a maximum kinetic energy of 4.14 eV.

(c) Electrons will be emitted with a maximum kinetic energy of 0.37 eV.
@ Electrons will be emitted w1th a maximum kinetic energy of 1.64 eV.

C = he_ 660" “wo
LAY Jooxio-T  1bng'

Fow = € ~W= Lit~250 = 1.6% oV

V= Y e

13 Calculate the de Broglie wavelength of an electron traveling with half the speed of light.
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[image: image4.png]14.In a fictitious experiment to detect the wave nature of protons, a beam of protons is aimed at a screen with
double slits in which the separation of the sits is 2.4 10! m. It is observed that the angular separation
between neighboring dark fringes on the other side of the screen is 0.035 radians What is the speed\fhe
protons? (assuming nonrelativistic approximation to hold) 1
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Use the following to answer questions 15-16:

The figure shows an energy level diagram for the hydrogen atom. Several transitions are shown and are labeled
by letters.

Principal Quantum Number
[ ]

1
Note: The diagram is not drawn to scale.

15. In which transition is a Balmer series photon emitted?
A) A

B B
C) C

D) D
E) E

16. Which transition corresponds to the absorption of the photon with the shortest wavelength?
A) A
B) B
C) C

DY D
E) E



[image: image5.png]17. The electron in a hydrogen atom is in the 7 = 3 state. What are the possible values for the energy for an
emitted photon?

Ela ) )36 .Oﬁ\/
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18. . For an X-ray tube operating at 50kV, which of the following statements is correct?

(a) The shotest wavelength produced is 1.21x10" m K = f\f
(b) The longest wavelength produced is 1.21x10™"" m € Treslootol

(c) The lowest frequency produced is 1.21x10" Hz 7[ - Ke o x (03 x ['G*\"5‘ 19
he highest fr is 1. 19 7S = .
(‘{d)¥The highest frequency produced is 1.21x10"” Hz 7. e [-2{x10 " Hp

19. Write down below the electronic configuration of the ground state of chromium (Z=24):
L L% 2 G LN q;
15 25096 3 3p74s 3d

20. A hydrogen atom is in a state for which the principal quantum number is » = 3. How many possible such
states are there for which the magnetic quantum number is m =1? @ M
=0 & X X

() 2 ©6 @38 ikal [ oAk
L=2 e
21. Find the binding energy per nucleon (in MeV/nucleon) for nitrogen , N'* from the following mass data:

Species  Mass (u) 8
H 1.00783 Mssw *7MP+ 8M,‘—~m(N )

n 1.00867
N 15.00011 =7x100783+ &x I'OOJ‘{7— I1S.000/] = &.12t0f
@7,7 MeV/nucleon Bl gy = 0 Jpelx 93] My = 11 5.8
(b) 6.8 MeV/nucleon ‘“3 Bl v (55 h/
(c) 5.9 MeV/nucleon e
(d) 4.1 MeV/nucleon S = 770 M/ VLUUb@_A\«\




[image: image6.png]22. How much energy is released if 1.0 kg of deuterium undergoes the fusion reaction
D+D— He’ +n+33MeV

where 3.3 MeV is the kinetic energy released per reaction.
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23. The activity of a freshly prepared sample of the radon gas Rn**? is 5.0x10" Bg. What is its activity after
one week? (Half life of Rn*% is 3.82d)

_ 0693k
(a) 2.5x10" Bq A= Ase T
4x10° Bq ~ 06931
<(('10'1}\2;.3*10”13(1 = soxo’ e 14 L o Xlolzx 0.28

(d) 6.9x10" Bq \
= e x10'" g
T

Bonus Question: The number of radionuclides in a sample is found to be reduced to one seventh (1/7) of its
original value in 60 minutes. Find the half life of the radionuclide in minutes.
_ 0.693¢
N=aN,e ~ T
~0693x{o
+=e T ,QH—L=~_O’6?3XKD
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