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Instructions for examinees

x.Duration of the exam: Two hours.

2. Exam structure and breakdown of points:
There are six questions in this exam and you are required
to answer only three.
Each question is worth 33% points; 3X 33% = 100 points

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

(2) The physics data and formula sheet 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 solving 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, substitute the
appropriate values into the formulas.

Write your final answer in the appropriate units. If you
do not write out the formula, or substitute values, or
specify 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 provided in
the question. If necessary, you may also use basic
constants, such as g for free-fall acceleration or e for
elementary charge.

(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. You may use a pencil for
sketches only.

Write in the answer booklet only. Write the word "no»v" at the top of each

draft page. Writing any sort of draft on pages that are not in the answer
booklet may lead to the disqualification of your exam.

Good Luck!
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Questions

Answer three of the questions 1-6.

(Each question — 33% points; the point value of each item is given.)

1. The figure below describes a system with two electric charges located in a vacuum, Charge 1
and Charge 2, and the system's electric field lines.

In this question the electric potential energy at infinity is zero.

N. Define the term "electric field line". (5 points)
3. Based on the illustration, explain why the charges have the same absolute value.
(4 points)
Point A is the midpoint of the segment that connects the two charges.
d>. (1) Does the intensity of the field of this system of charges at Point A equal zero?
Explain your answer.
(2) Does the electric potential at Point A equal zero? Explain your answer.
(8 points)

(Note: This question continues on the next page.)

/Continued on page 3/
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Point B is on the perpendicular bisector [>ysnxin axin] of the segment connecting the two
charges.
7. If a negative point charge is placed at Point B, what will be the direction of the electric
force exerted on the charge at this point? Explain your answer.
(4% points)
n.  Where is the intensity (magnitude) of the electric field greater, at Point A or at Point C?

Explain your answer. (4 points)

Given: The absolute value of each of the two charges is 10~8C, and the distance between
them is 6 cm.

3. Calculate the electric potential energy of the system of charges (relative to infinity).

(8 points)

/Continued on page 4/
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2. In Figure 1 below, the electric circuit has a voltage source with emf [n"x3] € =90V and
internal resistance r = 5082, a resistor with resistance R, =1,000€2, a resistor with resistance
R, , and two ideal measuring instruments (a voltmeter and an ammeter).
Both resistors are made of the same type of conductive wire, and differ from each other only

in length. The length of Resistor R, is 0.75 of the length of resistor R;.

Er—— %
I

Figure 1

N. Calculate the external resistance of this circuit. (5 points)
3. Calculate the reading on the ammeter [Yvn7910x] and the reading on the voltmeter

[ronvhn]. (9 points)
3. Calculate the quantity of charge that passes through the ammeter in one minute.

(5 points)

In the food industry, it is necessary to measure the temperature of food. This is done using
thermistors. A thermistor is an electronic component whose resistance changes according to
the temperature.
A thermistor is placed in the electric circuit described in Figure 1 above, in place of
Resistor R,
The resistance of the thermistor as a function of temperature is shown in Figure 2 on the

following page.

/Continued on page 5/
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Thermistor Resistance
(kQ)

Figure 2

Temperature
°c)

The temperature of the thermistor is calculated based on the voltage reading on the voltmeter.

7. Calculate the temperature of the thermistor when the voltmeter reading is VR2 =52V.

(7% points)

Now the thermistor is removed and Resistor R is put back instead, and the voltmeter is

replaced with a non-ideal voltmeter.

n.  Will the ammeter reading be higher, lower, or unchanged? Explain your answer.

(7 points)

/Continued on page 6/
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3. The electric circuit in the figure below is composed of a voltage source with emf &=36V
and internal resistance r = 62, a resistor with a resistance R; =12, a resistor with a

resistance R , a switch S, and conductive wires with negligible resistance.

Switch S is open.

N. Calculate the quantity of energy that is dissipated in Resistor R, over a time interval of
At=200s. (5 points)

3. Calculate the circuit efficiency [m>¥)]. (6 points)

».  Express the external power, P, of this circuit using €, r, and I (I is the intensity of the

current passing through the voltage source). (5 points)

Now Switch S is closed. The intensity of the current passing through the voltage source

changes, but the external power of the circuit does not change.

7. Use your answer to Item » to calculate the intensity of the current passing through the
voltage source after the switch is closed. (8 points)

n. Determine whether, after closing the switch, the circuit efficiency increases, decreases,

or remains unchanged. Explain your answer. (6 points)
3. Which of the units 1-5 below is a unit of power? Explain your answer. (3% points)

1 N

- C

Cc?-Q
2.
32

3. J-s
4. Vv-C

5. kW-h /Continued on page 7/
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4.

Figure 1 below describes a system for measuring a magnetic field of a horseshoe magnet. In
this system a conductive rod, PC, hangs in between and parallel to the X pole and the Y pole
of the horseshoe magnet.

Rod PC is part of an electric circuit that contains a voltage source, a switch S, and ideal
conductive wires.

The mass of the magnet is m , and it is standing on an electronic balance [D»5vV>»7 D»3xn].

There is a uniform magnetic field B between the poles of the magnet.

Horseshoe magnet

’ Balance

Figure 1
When you solve this problem, ignore Earth's magnetic field and the forces exerted on the
wires.
When the switch S is closed, a current I passes through the rod PC, and the reading on the
balance increases.

N. Determine the direction of the force that the magnetic field exerts on the rod PC: upward

or downward. Explain your answer. (5 points)

3. Determine the direction of the magnetic field: X — Y or Y — X.

Provide detailed reasoning. (5 points)

(Note: This question continues on the next page.)

/Continued on page 8/
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During an experiment the rod PC is rotated horizontally at an angle p relative to its initial

position (see top view, Figure 2). During the experiment, a constant current, [ = 15A, passes

through the rod. The length of the rod PC is ¢ = 4cm.

The balance reading, F, is recorded in units of newtons (N) for various angles f.

X Y

B\/P

/
C
Figure 2
The following table shows a few of the results of this experiment:
B(°) 0 36 48 72 90 120
cos 3 1 0.81 0.67 0.31 0 - 05
F(N) 0.88 0.80 0.70 0.56 0.40 0.18

Draw a graph in your notebook that describes the balance reading, F, as a function
of cosf. (8 points)
Express the relation between the balance reading F and cos 8 in terms of the parameters

B, 2,1, m, g (g isthe magnitude of free fall acceleration). ]
(6 points)

Use the graph and the expression you developed to calculate the magnitude of the
magnetic field B. (5 points)

Calculate the mass of the magnet, m . (4% points)

/Continued on page 9/
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Capacitance

S.

A student conducted an experiment in which he charged a capacitor in a series electric circuit.
The circuit was composed of the capacitor whose capacitance was C, a battery with emf ¢
and negligible internal resistance, a resistor with a resistance R =1,0008, a switch, and ideal

conductive wires.

N. Draw a diagram of the electric circuit. (3 points)

The student measured the quantity of charge on the capacitor as a function of time. His
measurements are shown in the figure below.

Quantity of charge on the capacitor as a function of time

q(©)

0.004

0.003 at

0.002 /
0.001 /
/

0 t(s)
0 0.5 1 1.5 2 2.5 3 35 4

3. The figure shows that the slopes of the tangents to the curve decrease as a function of

time.

(1) What is the physical meaning of the slopes of the tangents to the curve?

(2) What is the physical reason that the slopes of the tangents are decreasing?

(9 points)
The formula describing the quantity of charge q on the capacitor as a function of time t , as
it is being charged, is:

q)=c-C-(1-e"7)

Remember that 7 is the 'time constant' [yovn y1ap].

(Note: This question continues on the next page.) /Continued on page 10/
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»>. Based on the formula, prove that the quantity of charge on the capacitor was about 63%
of the maximum quantity, after a time interval equal to the time constant t has passed
from the moment charging began. (5 points)

7.  What is the value of the time constant in the experiment that the student conducted?

Explain. (6 points)
n. Calculate the capacitance of the capacitor. (5 points)
3. Calculate the emf of the battery. (5% points)

/Continued on page 11/
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Induction

6. A magnet is released from a point located above a conductive circular current loop
[93vn 1275] (see Figure 1). Assume that while it is falling the magnet does not turn and that
the magnetic forces exerted on it are negligible. As a result, the magnet's motion approximates
free falling.
The loop is connected to an electric circuit with a resistor R, and a voltage sensor V that is
also connected to a computer. The sensor measures the voltage across the terminals of the

resistor.

Figure 1

As the magnet falls, the following graph is displayed on the computer screen (see Figure 2,

below).

Measured voltage
(mV)

A
61 C

5_
4_
3_
2_
1_
0 » Time
iy B (s)
-2
-3
_4-

-5 i i i i i |
0 0.10 0.20 0.30

Figure 2
(Note: This question continues on the next page.)

/Continued on page 12/
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Use Faraday's Law, or Lenz's Law, or both laws to answer the following items.

N. Explain why voltage is generated across the terminals of the resistor. (5 points)

3.  What is the direction of the induced magnetic field generated in the loop as the magnet
approaches the loop? Explain your answer. (6 points)

3. As the magnet moves, the measured voltage changes from negative to positive.
Explain why. (5 points)

7. The highest voltage measured when the magnet exits the loop (Point C on the graph)
is greater than the absolute value of the voltage when the magnet enters the loop
(Point A on the graph). Explain why. (7 points)

n.  Unrelated to the data in this question, show that it is possible to represent magnetic flux
[>Lam qow] in units of V - s (volt-seconds). (5 points)

3. Use the graph to approximately calculate the change in magnetic flux during the first

1 .
0.15 seconds of the magnet's movement. (53 points)
Good Luck! InnbYsna
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