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Physics
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For 5-point students
Instructions for examinees

~. Duration of the exam: Two hours.
1. Exam structure and breakdown of points:

This exam contains five questions; you must answer only
three of them.
Each question — 33% points; 3 x 33% =100 points
3. Material that may be used during the exam:
(1) A calculator.
(2) The data and physics formulas attached to this exam.

(3) A Hebrew—foreign language / foreign language—Hebrew

dictionary.

7. Special instructions:
(1) Answer the number of questions as specified.

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

(2) In the solutions to 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.

In your answers, write the appropriate units. If you do not
write out the formula or do not write out the formula with
the inserted values or if you 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 in the question.

If necessary, you may also use basic constants, such as g
for free-falling acceleration or ¢ for the speed of light.

(4) In your calculations, use the value 10 m/s? for

free-falling acceleration.

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

with White-Out will prohibit 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 "no»o" at the top of each draft page. If you write any sort of
drafts on pages outside of the answer booklet, your exam may be
disqualified!

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 specified at the end
of the item.)

1. A student investigated mechanical waves using a simulation program. In the
program, he set the wave frequency to f = 400 Hz and obtained the
wave pattern that appears in Figure 1, below.

C

3 4 5 meters

Figure 1

N. The student calculated the wavelength using Figure 1 (note the units
on the scale.)
(1) The student measured the length of Segment AB and the length of
Segment AC.
Of the two measurements, which measurement allows a more
accurate measurement of the wavelength?
Explain why.
(2) Calculate the wavelength.
(6 points)
3. Calculate the wave velocity. (5 points)
3. Based on the figure, determine whether the medium [ n] in which the
waves are propagating is uniform.

Explain your answer. (5 points) /Continued on page 3/
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In a different experiment, the student defined in the simulator program

two sources, S; and S,, that produce identical waves.

He measured the signal intensity obtained at three different points,
A, B, and C (see Figure 2).

7.

Figure 2

(1) What is the type of interference (constructive/destructive/other)
at each of the three points?

(2) For each of the points, express the difference between the point's
distance from Source S, and its distance from Source S,,
in terms of the wavelength.

(8 points)

Rank the three points by the signal intensity measured there, from the

highest intensity to the lowest intensity. Explain your answer.

(6% points)
What would be the type of interference at each of the three points if the
phase difference between Source S; and Source S, is half the period

[ 1 oxn]? (3 points) /Continued on page 4/
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2.

In an experiment similar to Young's double-slit experiment, white light is
projected through a filter that passes light of a certain wavelength. After

the light has passed through the filter, it passes through two identical slits
located at a distance d from each other.

The light reaches a screen located a distance L from the slits, and an
interference pattern is obtained on the screen (see Figure 1).

The experiment is repeated several times, each time using a filter that passes
light of a different wavelength.

Filter
| ]
White light
; | —
g +| o
— > ! d ________________________________________________________
— L —
|
I

Figure 1

For the interference pattern obtained at each wavelength, the width of the
5 light bands closest to the center of the pattern (Segment AB) is measured.
x = 0 denotes the center of the pattern (see Figure 2).

A x=0 B
Figure 2
The table below shows the results of the measurements.
A (um) 0.47 0.52 0.58 0.61 0.65
AB (mm) 14 15.8 174 18.1 195

/Continued on page 5/
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N, Without using the measurement results in the table, express
the distance AB in terms of the parameters: A, d, and L. (8 points)

3. Sketch in your answer booklet a graph of the distance AB as a function
of the wavelength, according to the results of the measurements.
(9 points)

Given: L =3m.

5. Calculate the distance d between the slits, using the expression you
found in Item x and the graph you sketched in Item 2. (10 points)

7. In the experiment kit, there is an additional filter, which passes light of

an unknown wavelength. When using this filter, the result AB = 15mm
is obtained.

Find the wavelength that this filter passes.
Detail your reasoning. (6% points)

/Continued on page 6/
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3.

A system is composed of a photoelectric cell, a (very sensitive) ammeter,
and ideal wires.

The work function of the cathode in the cell is B = 2eV.

A beam of light of wavelength A strikes the cathode (see Figure 1).

A
RS
Cathode Anode
™
Figure 1

N, Calculate the range of wavelengths for which current will flow in
the circuit. (8 points)

Given: The ammeter reads 2+10" 8 A..
3. Calculate the minimum number of photons striking the cathode in the

course of one second. (7 points)

Given: The wavelength of the beam of light striking the cathode is
A =420nm.
».  Calculate the maximum velocity of the electrons emitted
from the cathode. (9% points)

/Continued on page 7/
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A voltage source V whose value can be changed is added to the system.

Points A and B in Figure 2 denote the terminals of the voltage source.

N
pSLAD:S

Cathode Anode
™

VA

VoltageSource]

Figure 2

At a certain voltage V , 5, the intensity of the current in the circuit

becomes zero.

7. Is the terminal A positive or negative? Explain your answer. (4 points)
n.  What is the voltage (in absolute value) between the terminals of

the voltage source? Detail your reasoning. (5 points)

/Continued on page 8/
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4. In the year 1913, the physicist Niels Bohr published an article in which he
proposed a model of the hydrogen atom. This model was an extension of the
planetary model that Ernest Rutherford had proposed. Bohr's model was the
first model to use quantum principles.

N.  Explain the concept "energy level" ["7»37) m1n7”] according to
Bohr's model. (5 points)
3. Sketch the energy level diagram of a hydrogen atom, showing

the first 4 levels and the ionization level. (10 points)

An electron in the hydrogen atom fell from energy level n =4 to level n = 2.
As it was falling, a single photon was emitted.

5. Calculate the frequency of the emitted photon. (7 points)

7. Calculate the velocity of the electron at energy level n = 2. (8 points)
n.  The absorption spectrum of hydrogen cannot be explained by

Rutherford's model. Explain why. (3% points)

/Continued on page 9 /
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5. Radon, 32Rn, is a naturally occurring radioactive element found in the
ground, and in small quantities, also in water. Radon decays into
polonium, Po, which is also a radioactive element, and alpha radiation is
emitted. Alpha radiation energy is high enough to harm molecules in the
human body, so this radiation is liable to be a health hazard.
The Ministry of Environmental Protection [n2>20n 120 79wnn] has set a
standard for the maximum permitted level of radon activity per cubic meter
in residential buildings in Israel: 200%, (Bq = %).

N, Explain the physical meaning of the statement: "The maximum level
of radon activity per cubic meter permitted in residential buildings in
Israel is ZOOBfg". (4 points)

3. In the decay I(I)lf a radon nucleus to polonium, a single alpha particle is
emitted. Write the equation of this decay, and write the mass number

and atomic number of the polonium nucleus. (8 points)

The graph below shows the number of radon atoms per cubic meter of a
radon sample as a function of time. Initially, the number of radon atoms per
cubic meter measured was 32,000@.

No. of radon atoms
per cubic meter

()

30,000 \
20,000 \

10,000 \

\

\
Time

0 5 10 15 20 25 30 35 (Days)
(Note: The question continues on the next page.) /Continued on page 10/
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>, Using the graph, determine the approximate half-life of radon.
Detail your reasoning. (6% points)
7. (1) Write an equation that describes activity as a function of time.
(2) Calculate how long after starting measurement will the
activity level per cubic meter of the radon sample reach the
standard established by the Ministry of Environmental Protection.

(10 points)

Calculations showed that during the 10 days from starting measurement,
more than 25,000 polonium atoms per cubic meter were formed.

An actual measurement that was made 10 days after starting measurement
found almost no polonium atoms.

Given: All radon that decays, turns into polonium.

The region that was examined was closed, so no polonium atoms could have
escaped from it.

n.  Explain the contradiction between the calculated results and the results

of the actual measurement. (5 points)

Good Luck! 1IanYyna
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