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3. (12 points, suggested time 25 minutes)
Monochromatic light of frequency f shines on a metal, as shown above. The frequency of the light is varied, and
for some frequencies electrons are emitted from the metal. The maximum kinetic energy K, of the emitted
electrons is measured as a function of the frequency of the light.

(a)
i. Based on conservation of energy, the relationship between K, and f'is predicted to be Af = B+ K,
when f > f, and K, = 0 when f < f,, where A and B are positive constants. A graph of this
relationship is shown below. Indicate which aspects of the graph correspond to A and B. Also, explain

the physical meaning of A, B, and f,.
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ii. Explain the physical meaning of the horizontal section of the graph between the origin and f .

1. A second metal with different properties than the first metal is now used. On the figure below, the
dashed lines are the same lines shown in the previous graph. Sketch lines on the figure below that
could represent the data for the second metal. Explain one difference between the two graphs.
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(b) The figure below shows an electroscope. A sphere is connected by a vertical bar to the leaves, which are
thin, light strips of material. The sphere, leaves, and bar are all made of metal. The electroscope initially has
a negative charge, so the leaves are separated.
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i. Ultraviolet (UV) light shines on the sphere, causing the leaves of the electroscope to move closer
together. Explain why this happens.

ii. Green light then shines on an identical negatively charged electroscope. No movement of the leaves is
observed. Explain why the green light does not make the leaves move, while the UV light does.

(c) The brightness of the green light is increased until the intensity (power per unit area) is the same as that of
the UV light. What aspect of the green light changes when its brightness is increased? Would shining the
brighter green light on the electroscope result in movement of the leaves? Explain why or why not.



