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PH 102 Exam III

General Rules: You are allowed 2 sides of an 8.5x11 in piece of paper with formulas and a calculator.
November 29,

2007

P. LeClairPart I: Multiple choice (50%)

1. Answer all multiple choice problems.

2. No partial credit will be given for multiple choice questions.

1. What energy photon emitted is when an electron in a hydrogen atom goes from the n=5 energy level
to the n=2? energy level?

© 10.20 eV

© 13.60 eV

© 6.80 eV

© 2.86 eV

2. Calculate the de Broglie wavelength of a 0.145 kg baseball moving at a speed of 45.2 m/s (≈101 mph).

© 1.01× 10−34 m

© 2.62× 10−24 m

© 3.17× 10−9 m

© 4.58× 10−2 m

3. An inverted image of an object is viewed on a screen from the side facing a converging lens. An opaque
card is then introduced covering only the upper half of the lens. What happens to the image on the
screen?

© Half the image would disappear.

© Half the image would disappear and be dimmer.

© The entire image would appear and remain unchanged.

© The entire image would appear, but would be dimmer.

4. When 238
92 U decays to 234

90 Th, what is emitted?

© beta particle

© gamma ray

© alpha particle

© deuteron

5. When an alpha particle hits a 39
19K nucleus, one of the products is a proton. The other product is:

© 42
20Ca

© 36
18Ar

© 38
17Cl

© None of the above



6. An x-ray photon is scattered by an electron. What happens to the frequency of the scattered photon,
relative to that of the incident photon?

© it increases

© it decreases

© it does not change

© photons cannot be scattered by electrons

7. A nonrelativistic electron and a nonrelativistic proton are moving and have the same de Broglie wave-
length. Which of the following are also the same for the two particles?

© momentum

© frequency

© kinetic energy

© speed

8. A light-emitting diode (LED) emits blue photons of wavelength 480 nm. What would be the minimum
voltage you would expect to apply to the LED before it emits light? (Hint: we assume all of the
potential energy of one electron is converted into light.)

© 2.6V

© 3.5V

© 1.2V

© 0.82V



Part II: Problems (50%)

1. Solve 2 problems out of the 5 below. All problems have equal weight.

2. Clearly mark the problems you choose by filling in the adjacent circle.

3. Show as much work as possible for partial credit.

4. Solve the problems on separate sheets. Staple your sheets to the exam when finished.

© 1. Fill in the missing elements, atomic numbers, and atomic masses (denoted by question marks) in the
following radioactive decay series.

228
90Th α−−→ 224

?Ra α−−→ ?
86?

α−−→ 216
84Po α−−→ 212

??
β−−→ 212

83?
β−−→ ?

?Po α−−→ ?
??

© 2. A hydrogen atom has a radius of ∼ 0.05 nm. (a) Assuming we know the position of an electron in
a hydrogen atom to an accuracy of 1% of this radius, estimate the uncertainty in the velocity of the
electron. How does this value compare to c? (b) Compare this value to the uncertainty in the velocity
of a ball of mass 0.2 kg and radius 0.05 m whose position is known within 1% of its radius.

© 3. A molecule is known to exist in an unstable higher energy configuration for ∆t=10nsec, after which it
relaxes to its lower energy stable state by emitting a photon. (a) What uncertainty in the frequency ∆f

of the emitted photon is implied? (b) If this state is being probed with Nuclear Magnetic Resonance
(NMR) at a frequency of f≈200 MHz, what is the relative uncertainty in the measurement, ∆f/f?

© 4. Calculate the binding energy in MeV of a deuteron (the atom 2
1H), given that its atomic mass is

2.014102 u. Note that mp+ =1.007825 u, and mn0 =1.00866 5u.

© 5. In a coordination compound, the so-called “crystal field” gives rise to a difference in energy levels
for some of the electrons in a transition metal ion. That is, electrons can occupy one of two states,
separated by the crystal field splitting energy ∆.

The octahedral complex [Cr(NH3)6]3+ has a crystal field splitting of ∆o∼2.16 eV, while [Co(NH3)6]3+

has ∆o ∼ 2.84 eV. What color are these compounds? Make use of the table below. If a compound
absorbs a certain color of light, it exhibits the color complementary to the color of absorbed light.

Table 1: Absorbed wavelength λ and observed color

λ (nm) absorbed color observed color

400 violet greenish-yellow
450 blue yellow
490 blue-green red
570 yellow-green violet
580 yellow dark blue
600 orange blue
650 red green



BONUS (worth 1 normal question):

1. The energy required to break one O=O bond in ozone (O3, O=O=O) is about 500 kJ/mol. What is
the maximum wavelength of the photon that has enough energy to photodissociate ozone by breaking
one of the O=O bonds? You must show your work to receive bonus points. Note that Avagadro’s
number is NA =6.02× 1023 things/mol.

O3
hf−→ O + O2

Useful Things

Constants:

ke = 8.98755× 109 N ·m2 · C−2

e = 1.60218× 10−19 C

c =
1

√
µ0ε0

= 2.99792× 108 m/s

h = 6.62607× 10−34 J · s = 4.13566× 10−15 eV · s

~ =
h

2π

me− = 9.10938× 10−31 kg = 0.510998MeV/c2

mp+ = 1.67262× 10−27 kg = 938.272MeV/c2

mn0 = 1.67493× 10−27 kg = 939.565MeV/c2

1 u = 931.494MeV/c2

NA = 6.02214× 1023 things/mole

hc = 1239.84 eV · nm
h

mec
= 2.42631× 10−12 m

Quadratic formula:

0 = ax2 + bx2 + c =⇒ x =
−b±

√
b2 − 4ac

2a

Basic Equations (non-relativistic):

~Fnet = m~a Newton’s Second Law

~Fcentr = −mv2

r
r̂ Centripetal

KE = (γ − 1) mc2 ≈ 1

2
mv2 Kinetic energy

KEinitial + PEinitial = KEfinal + PEfinal

Other Things:

λf = c

M =
h′

h
= − q

p

1

f
=

1

p
+

1

q
=

2

R

Ephoton = hf =
hc

λ
=

1239.84 eV · nm

λ (nm)

e∆V = KEmax = hf − φ

E2 = p2c2 + m2c4

alpha particle = 4
2α =4

2 He beta particle = 0
−1 β = e−

Binding Energy =

24 X
p+&n0

mc2

35−matomc2

λout − λin =
h

mec
(1− cos θ)

λ =
h

|~p| =
h

γmv
≈ h

mv

∆x∆p ≥ h

4π

∆E∆t ≥ h

4π

En = −13.6 eV/n2

Ei − Ef = −13.6 eV
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