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PH 253 Exam I

Instructions

1. Solve four of the six problems below. All problems have equal weight.
2. Clearly mark your which problems you have chosen using the tick box.
3. Do your work on separate sheets. Staple them to this exam paper when you are finished.

4. You are allowed 1 sheet of standard g.sx11in paper and a calculator.

o 1. In a test of the relativistic time dilation effect, physicists compared the rates of vibration of nuclei of
iron moving at different speeds. One sample of iron nuclei was placed on the rim of a high-speed rotor;
another sample of similar nuclei was placed at the center. The radius of the rotor was 0.1 m, and it was
rotated at 35000 rev/min. (a) Under these conditions, what was the speed of the rim of the rotor relative
to the center? (b) What was the time dilation factor of the sample at the rim compared with the sample

at the center? Note the following useful approximations for v<c:
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o 2. A KO particle at rest spontaneously decays into a 7t particle and a 71~ particle. What will be the
speed of each of the latter? The mass of the K° is 8.87 x 1072 kg, and the masses of the " and 7~
particles are 2.49 x 10~28 kg each.

o 3. Show that at long wavelengths, Planck’s radiation law (see formula sheet) reduces to the Rayleigh-

Jeans law,

(const) ki T

IAT) = 5

(3)
Note the series expansion e*=3_x™/nl.

o 4. A 0.700 MeV photon (Compton) scatters off a free electron such that the scattering angle of the
photon is twice the scattering angle of the electron. Determine (a) the scattering angle for the electron

and (b) the final speed of the electron.
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o 5. X-ray photons of wavelength 0.154 nm are produced by a copper source. Suppose that 1.00 x 10'8
of these photons are absorbed by the target each second.

(a) What is the total momentum p transferred to the target each second?

(b) What is the total energy E of the photons absorbed by the target each second?

(c) If the beam shines perpendicularly onto a perfectly reflecting surface, what force does it exert on the
surface? Recall F=Ap/At.

(d) For these values, verify that the force on the target is related to the rate of energy transfer by

dp _ 1dE W
dt cdt 4

o 6. A student studying the photoelectric effect from two different metals records the following infor-
mation: (i) the stopping potential for photoelectrons released from metal 1 is 1.48 V larger than that for
metal 2, and (i1) the threshold frequency for metal 1 is 40.0% smaller than that for metal 2. Determine

the work function of each metal.



Constants:

N A = 6.022 x 1023 things/mol

ke = 1/4meo = 8.98755 x 109N -m?2.C~2

€o =8.85x 10 12C2/N - m?
Mo =47t x 1077 T-m/A
e=1.60218 x 10~ 12 C

h=6.6261x 10 3%].5s=4.1357 x 10 % ev .5

n
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kg =1.38065 x 10 23]. K~ 1 =8.6173 x 10 %eV-K~ 1

1
vHo€o
hc =1240eV - nm

c= =2.99792 x 108

me =9.10938 x 10 31 kg
mp = 1.67262 x 10727 kg

Quadratic formula:

0=ax?+bx?+c=x

Basic Equations:

m/s

mec2 =510.998keV
mypc? =938.272MeV

_ —b+vb? —dac
B 2a

Fnet = ar = ma Newton’s Second Law
Fenr = 7m: P Centripetal
E&M
= 91492 . = - = =
Fio=ke—F5—Fi2=q2k;1 Ti2=7T1 -T2
T12
E1=Fi2/d2 =ke 5 12
fB =qVv X B
EM Waves:
E
c = MNM= !
IB]
photons ] [ energy 1
1 = -
time photon | | Area
I = energy _ EmaxBmax _ power () _ E2u
time - area 2Ug area 2ugc
Blackbody
Eor=0T* 0=5672x10 83W.m 2.K 4

TAmax = 0.29 x 10~ 2m -K
Equantum = hf

hf/kgT
Eogcillator = N/ (e /kBT —

Wien

1)

hc -1
IA,T) = (“;\7“5“) [e Ak 71]

hf

I(f,t) = (const) 3 [e b T

_1]71

Relativity

At/

moving

’

moving —

x/

t/

Vobj

KE

Erest

E2

Quantum

A=Ay =

AxAp >

AEAt >

evsmpping

1

.
c

2
2
= YAtslarionary = vAtp

Lstalionary Ly

Yy v

l
o)
|
e
3
o

nN
l
3
nN
o
%
+
o
»N
o
nN
|
3
o
»N

= mc

=vymv

2
=p2c? 4+ m2ct = ('ymcg)

hf p=h/A=E/c Af=c

(1 —cos9)
mec

47
KEeeatron = hf — @ = hf =W

Calculus of possible utility:

Vectors:
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