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2. Bagrut for external students
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Attachment: Data and formulas for 5-point Physics
English translation (3)

Physics
Electricity
For 5 points

Instructions for examinees
~. Duration of the exam: 105 minutes
2. Exam structure and breakdown of points:

This exam has five questions. Answer only three of these

questions. Each question — 33% poirllts;

3 X 333 =100 points
. Material that may be used during the exam:

(1) A calculator.

(2) The formulas and physics data attached to this exam.

(3) A Hebrew-foreign language/foreign language-Hebrew
dictionary.

. 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 that
they appear in the test 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 if you do not write out the formula with the inserted
values, or if you do not write the units, points may be
deducted from your score.

(3) When you are asked to express a value using data
provided in the question, write out a mathematical
expression that includes all or some of the given data.
When necessary, you may also use basic constants, such
as the free-falling acceleration g or the elementary
charge e.

(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. You may use a pencil for drawings only.

Write in the answer booklet only, on separate pages, everything that

you want to write as a draft (notes, calculations, etc.) Write the word

"noyo" on the top of each draft page. Writing any sort of drafts on
pages outside of the exam booklet may lead to the disqualification of
the 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.)

1.

To protect the environment, today, many metal factories use an electrostatic
method to paint their products instead of traditional painting techniques.
During the electrostatic painting process, the paint gun sprays a paint
powder made up of particles that become electrically charged as they are
sprayed. The paint particles stick to the object to be painted, which is a
charged metal object.

The diagram below shows a painting system in which the object that is
being painted is a charged metal sphere.

The arrows in the diagram represent the direction of the electromagnetic
field lines in the area in which the work is being performed. The

gravitational force is negligible.

S ."w_ Charged

Electromagnetic ‘ :
field line 7= gpaat ey b i PAIN
2 eng , particle
Paint gun :::
.
'
N. Define the term "electromagnetic field line". (6% points)

3. Refer to the figure and determine whether the charge on the paint

particles is positive or negative. Explain your answer.

(6 points)

/Continued on page 3/
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A paint particle with the charge | q |=5 - 10713C traveled along an

electromagnetic field line from Point P to Point S (see figure).

Given: The distance between Pand Sisd =0.1 m.

De

The difference in electric potential between Point P and Point S is

|AV =50 kV.
At which of the two points, P or S, is the potential greater?

Explain your answer. (7 points)

Assume that the electric field in the region between Point P and Point S
is uniform.

Calculate the electrical force that acts on a charged paint particle as it
moves from Point P to Point S.

Note: The relationship between the intensity of the uniform electric

field and the difference in potential between two points within that field

AV

18 defined as: E=— Ax

(7 points)
Calculate the change in the electric potential energy of the paint particle

as it moves from Point P to Point S. (7 points)

/Continued on page 4/
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The figure below shows an electrical circuit that includes a voltage source,

2.

three resistors R, R, and R3), a switch S and connecting wires whose

resistance is negligible. The electromotive force (emf; [n”x3]) of the voltage

source is € and its internal resistance is r. The intensity of the current flowing

through Resistor R, is I, and the intensity of the current flowing through

Resistor R2 18 12.

1
|
A
er —
R, R,
B
12 S

—le

At first, Switch S is closed (allowing the flow of current).

N.

Do

Express the following values in terms of L,r,R,R, and/or R.:
@ I

(2) &

(10 points)

Given: I, =1A;R =15 Q;R2:4Q;R3:2§2;r:0.5 Q.
Calculate the emf of the voltage source and the voltage on the
terminals [D>p7nn Pnn] in the circuit. (6 points)

Calculate the voltages V,, and V.. (6 points)

Later, Switch S was opened.

7.

e

Calculate the voltages V,, and V. in this new situation. (7 points)
Is the efficiency [m>>x1] of the system greater when the switch is open
or when it is closed? Explain your answer. You do not need to do any

calculations. (4% points) /Continued on page 5/
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3. Astudent conducted an experiment to examine the relationship between the
intensity of the current flowing through an incandescent light bulb and the
voltage on the light bulb.

She built a circuit that included a voltage source, a light bulb, a fixed
resistor, a variable resistor, a switch and connecting wires whose resistance
was negligible (see Figure 1).

The student took several measurements using ideal measuring devices.

She presented the collected measurement data in an approximate graph that

described the relationship between the two variables (current and voltage).

)

Figure 1

N. Copy Figure 1 into your answer booklet. Add the following to your
drawing: an ideal voltmeter and an ideal ammeter that will measure
the voltage on the light bulb and the intensity of the current flowing
through the bulb.

(8 points)

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

/Continued on page 6/
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The graph that the student sketched is presented as Figure 2.
L(A)

0.35
0.3 1
0.25
0.2
0.15
0.1+
0.05

0 | | I I —=V (V)
0 1 2 3 4 5

Figure 2
Based on the graph:

3. Calculate the resistance of the bulb for each of the following two
voltage ranges:
1 0<V<1V
2) 3V<V<s5V
(8 points)
3. Calculate the power of the bulb at each of the following two voltages:
1 V=1V
(2) V=5V
(8 points)

7. The amounts of energy wasted by the bulb (mainly as heat) over one

second in two different situations are shown below:

(1) whenV=1YV, E=0.132]

(2) whenV=5YV, E=1.52]

Calculate the efficiency [m>x)] of the bulb for each of the two voltage
values (1) - (2). (6 points)

/Continued on page 7/
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Today, incandescent bulbs are being replaced by other types of bulbs (such
as LED bulbs and PL bulbs), mainly because of the very low efficiency of
incandescent bulbs.

Figure 3 (below) shows the power of PL bulbs, incandescent bulbs and LED
bulbs as a function of the intensity of the light that they emit.

Power

. : : . . . — Light intensity

Figure 3

n.  Which one of the graphs in Figure 3 describes an incandescent bulb:
1,2 or 3?

Explain your answer.

(3% points)

/Continued on page 8/
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4.

A student conducted an experiment to measure the magnitude of the Earth's
magnetic field, B., in the area in which he lives.

To determine the direction of the field, he hung a magnetic needle by a thin
string that was tied to the middle of the needle, in a way that allowed the
needle to move freely.

a is the dip angle [n3570n n>1t], which is the angle between the direction of
the needle and the horizontal plane (see Figure 1).

The student measured the angle o and found that o = 53°. This result was
affected only by the magnetic field of the Earth.

Figure 1

To measure the magnitude of the magnetic field B, the student constructed
an electrical circuit that included a power supply, a variable resistor, an
ammeter and a thin, circular coil positioned in the horizontal plane.
The student hung the magnetic needle over the center of the coil
(see Figure 2).
Given: The narrow coil is made up of 4 loops (N = 4). The radius of each

loop is r = 20 cm.

B C

ok
power supply

Figure 2

The student moved the wiper [17790] M of the variable resistor. He noticed
that as he did so, the angle o became progressively smaller until, at a certain
point, the magnetic needle stabilized in a horizontal position (a = 0°).

/Continued on page 9/
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N.

Based on the direction of the magnetic fields, is Terminal k of the
power supply positive or negative? Explain your answer. (6 points)
During the experiment, did the student move the wiper M of the
variable resistor from Point C to Point B, or from Point B to Point C?
Explain your answer. (6 points)

When the needle stabilized in a horizontal position, the ammeter read:
3.2 A. Calculate the magnitude of the vertical component

[23xn 20390] of the Earth's magnetic field, By, | . (6 points)

The student was not satisfied with the level of accuracy in his experiment

and so decided to use a graph to find the vertical component of the magnetic

field, By | . To do this, he repeated the measurements several times, each

time changing the number of loops.

For each measurement, he wrote down the number of loops, N, and the

intensity of the current, I, that was obtained when the hanging needle

stabilized in a horizontal position (a0 = 0°). The student calculated the

% values and wrote them down as well.

The results are presented in the table below.

No. of loops
4 6 8 10 12
™)
I(A) 32 2.1 1.5 1.3 1
1.1
1D 03| 05| 07| 08| 1
7. In your answer booklet, sketch a graph of % as a function of the number

of loops, N. (9 points)
Use the slope of the graph to calculate the magnitude of the vertical
component of the Earth's magnetic field, By | .

(6% points)

/Continued on page 10/
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S.

The figure below depicts an experimental system, as seen from above. The
system includes two smooth tracks, S S, and P P, which are positioned
parallel to one another on a horizontal table top. The distance between the
two tracks is £ (see figure).
A rod MN that has a mass m is resting on the tracks. The tracks and the rod
conduct electricity and their resistances are negligible. (The air resistance is
also negligible.)
Resistor R connects the P, and S, ends of the tracks.
Between the tracks in Region 1 (0 <x <0.4 m), there is a magnetic field B,.
Between the tracks in Region 2 (0.5 m < x <0.9 m), there is a magnetic
field B,.
Both fields are constant, perpendicular to the plane of the table and have the
same magnitude: | B, |=|B,|=0.04T.
The directions of the fields are indicated in the figure.
Given: £ =50 cm.

R=4Q

P MP P
g
4 X X X X e o o o
4

R ; VX X X X X e o o o

J— B B, 0
4 X X X X e o "o o
4
2 X X X X L] e o o
-

S Al Region 1 Region 2 S,

X

During the experiment, the rod MN entered Region 1 at a velocity v, =2 %
In this region, a force F, acted on the rod in the direction of the x-axis.

Therefore, the velocity of the rod remained constant.

N. As the rod moved through Region 1, did current flow through

Resistor R?

If not, explain why not.

If it did, find the magnitude and the direction of that current
(from S, to P, orfromP toS).

(8 points)

3. Is the amount of work performed by the force F , which is necessary
for the uniform motion of the rod through Region 1, greater, smaller
or equal to the amount of heat that developed in Resistor R during the
same period of time? Explain your answer using words or calculations.

(6 points)
/Continued on page 11/
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In Region 2, a force F, acted on the rod MN in the direction of the x-axis

(instead of F ). Therefore, the rod moved with a constant acceleration

a=3>5 22 (Note that the initial velocity of the rod in this region was 2 % )
S

3. Determine the direction of the current flowing through Resistor R
(from S, to P, or from P, to S)) in this situation.
(6 points)

7. Express the intensity of the current in the resistor as a function of time.
The rod entered Region 2 at the moment t = 0.
(8 points)

7. Is the amount of work performed by the force F,, which is necessary for
the movement of the rod through Region 2, greater, smaller or equal to
the amount of heat that developed in Resistor R during the same period

of time? Explain without doing any calculations.
(5% points)

Good Luck! ImnYyna
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