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Physics
Radiation and Matter

Instructions for examinees
~.Duration of the exam: Two hours.

2. Exam structure and breakdown of points:

This exam has five questions. Answer three of them only.

Each question — 33% points; 3 X 33% = 100 points

). Material that may be used during the exam:
(1) A calculator.

(2) The physics formulas and data attached to this exam.
(3) A Hebrew—foreign language / foreign language—
Hebrew dictionary.

7.Special instructions:
(1) Answer the number of questions that you are asked to

answer. Answers to additional questions will not be
graded. (The answers will be graded in the order they
appear in the answer booklet.)

(2) When answering questions that require calculations,

write out the formulas that you use. Whenever you use

a symbol that does not appear on the formula sheet,

write out the meaning of that symbol in words. Before

you perform your calculations, insert the appropriate
values into the formulas.

Write your final answer in the appropriate units. If you

do not write out the formula or do not write out the
formula with the inserted values or do not write the
units, points may be subtracted from your score.

(3) When asked to express a magnitude using data from
the question, write a mathematical expression that
includes some or all of the data given to you in the
question.

If necessary, you may also use basic constants, such as

the free-fall acceleration g or the speed of light c.

(4) In your calculations, use the value 10 m/s? for the
magnitude of free-fall acceleration.

(5) Write your answers in pen. Writing in pencil or erasing

with White-Out will preclude any possibility of
appealing your score. Use pencil for sketches only.

Write in the answer booklet only, on separate pages, everything you want to
write as a draft (notes, calculations, etc.). Write the word "nv»v" at the top
of each draft page. Writing any sort of drafts on pages outside of the answer
booklet may lead to the disqualification of your exam!

Good Luck!
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Questions

Answer three of the questions 1-5.
(Each question — 33% points; the point value of each item is given at the end of the item.)

1. The diagram below depicts a cross-section of a collimated beam of monochromatic light that
enters a triangular prism from the air. The beam incident to the prism is parallel to the base of
the prism, BC.

The prism is made of glass, and the index of refraction of the glass for the wavelength of the
beam is 1.6 (relative to the air).

The angles of the prism are shown in the diagram.

A

45°

C

The beam is refracted on face AB, strikes face BC, and is reflected from it by total internal
reflection.
N. Calculate the angle of refraction of the light at face AB. (8 points)

3. Prove that total internal reflection occurs from face BC. (10 points)

R, and R, are rays that bound the cross-section of the beam (see diagram).
3. (1) Copy the diagram to your answer booklet. Add to the diagram the paths of rays
R, and R, as they propagate toward face AC, and also their paths in the air after
they pass through face AC.
(2) Determine whether the beam that exits the prism from face AC is parallel to the
beam that is incident to face AB. Explain your answer.
(10 points)
7. In the beam that exits the prism from face AC, isray R, located above ray R, (as when

the beam entered the prism) or below it? Explain your answer.
(5% points) /Continued on page 3/
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2.

The following diagram is a sketch of an interference pattern. The pattern was created by a
collimated beam of monochromatic light that passed through a pair of parallel slits in an
opaque panel. The wavelength of the beam is A.

The beam struck the panel in a direction perpendicular to the plane of the slits, and the pattern
was obtained on a screen that was parallel to the plane of the slits.

The bands of light obtained are labeled with the letters v-x. Light band n is the middle band.
PNYINTHIIN

0 1 2 3

N, Of the light bands v-x, which light band (or bands) received light from one of the slits
that traveled a path three wavelengths longer than the light that came from the other slit?
Explain your answer. (7 points)

3. Which place (or places) received light from one of the slits that traveled a path 1.5
wavelengths longer than the light that came from the other slit?

In your answer, use the letters that represent the light bands. (7 points)

The distance between the slits is d = 0.2 mm, and the distance of the screen from the plane of
the slits is 1.2 m.

A ruler was added at the bottom of the sketch of the interference pattern. The scale of the
ruler is in centimeters.

5. Calculate the width of the light band in such a way that the relative error in measurement

will be as small as possible. Give a detailed answer. (6 points)

7. Calculate the wavelength of the light beam. (7 points)

n. Explain why it is preferable to use a diffraction grating instead of a pair of slits, in order

to measure the wavelength as precisely as possible. (3 points)

Given: a diffraction grating in which the distance between each pair of adjacent slits is equal

to the distance d between the pair of slits presented in the question.

3. Determine whether the distance between the maxima in the pattern obtained from the pair
of slits is greater than, equal to, or less than, the distance between the principal maxima

in the pattern obtained from the diffraction grating. Explain your answer. (3% points)

/Continued on page 4/
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The cathode [v>19] of a photoelectric cell was illuminated by three light beams in succession.

3.

The wavelengths of the beams were: A; =200nm , A, =450nm , A;=650nm .

The threshold wavelength (corresponding to the threshold frequency) is A, =539nm .

N.

For each of the beams, determine whether a current was generated in the photoelectric
cell. If not, explain why. (7 points)

Define the concept "work function" (bond energy) of a metal. (6 points)

Calculate the work function of the metal that the cathode is made of. (7% points)
Calculate the frequency of light that will cause emission of electrons that have a

maximum kinetic energy of E, =0.5¢V . (7 points)

Graphs I-IV below describe kinetic energy of an electron E, (eV) as a function of photon

energy hf(eV) . The two axes are drawn to the same scale.

Graph II Graph I
E, (eV) E, (eV)
Angle less than 45° 450
hf(eV) - hf(eV)
Graph IV Graph III
E, (eV) E, (eV)

Angle greater than 45°
hf(eV) J hf(eV)

(1) Determine which graph correctly describes the dependence of the kinetic energy of
an electron emitted from the cathode on the energy of a photon that struck the
cathode.

(2) Copy the correct graph to your answer booklet.

Add numeric values to this graph at the points where the (linear) curve intersects

the horizontal axis (hf) and the vertical axis (Ey ). Explain your reasoning.
(6 points) /Continued on page 5/
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4. Researchers conducted an experiment to measure the energy levels of a mercury atom.
To do this, they projected ultraviolet radiation through a tube containing a low-density gas of
mercury atoms. All the mercury atoms were at ground state.
The wavelengths of the ultraviolet radiation they used were in the range 100nm — 300nm.
Using a spectrometer, the researchers obtained the absorption spectrum of the mercury atoms

shown in the following diagram:

100nm 1192nm 140.3nm 185.9nm 255.15nm 300 nm

The absorption spectrum includes a dark band in the range 100nm — 119.2nm and three
discrete dark spectral lines, corresponding to wavelengths 140.3nm, 185.9nm, and 255.15nm.
N.  Explain why dark lines are always obtained in the absorption spectrum. (6 points)
3. Calculate the ionization energy of the mercury atoms. (6 points)
5 In your answer booklet, sketch a diagram of the four energy levels of the mercury atom
that were obtained in the experiment, and calculate the energy of each level.
Show detailed calculations. (8 points)
7. Calculate the maximum velocity of the electrons that were emitted from the mercury

atoms in this experiment. (6 points)

The researchers also calculated the emission spectrum of the mercury atoms for the energy
levels obtained in the experiment.
. (1) Add arrows to the diagram you drew in Item » representing all the spectral lines
of the emission spectrum.
(2) Calculate the energy of the emitted photons whose wavelengths are in the visible
light range (400nm — 700nm).
(7% points)

/Continued on page 6/
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5. Natural strontium is a stable metallic element that was discovered in 1790. The radioactive

isotope ggSr was discovered during nuclear experiments conducted in the 1940s.
N, What is the meaning of the numbers 38 and 90 in the notation ggSr ?
(6 points)

Two experiments were conducted, Experiment I and Experiment I1.

Experiment I was conducted on a sample of ggSr of mass 2 grams. The half-life of this
sample is 29 years. The following graph shows the activity R (in Bq — disintegrations per

second) as a function of time t (in years) for this sample.

R(Bq)

RO_‘

Ry/2 -
R/4
R,y/8

0 T T T T T T t (years)
0

3. Calculate after how much time the activity dropped to %. Show your calculation in
detail. (6 points)

5. Calculate (approximately) the number of nuclei in the sample at time t=0 for this
sample whose mass is 2 grams. (6 points)

7. (1) Calculate the decay constant, in units of %
(2) Calculate the activity R, (the activity at time t = 0).
(81 points)

Experiment II was conducted on a sample of the isotope ggSr whose mass was 1 gram.

n.  Copy the graph to your answer booklet, and label the curve with the number 1.
Add the curve for Experiment II to the same set of axes in your answer booklet, and label
the curve with the number II. (7 points)

Good Luck! 1
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