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Instructions

~. Duration of the exam: Two and one-quarter hours.

3

Physics
Electricity

1. 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 33l points; 3X 33

1

3 3

>. Material that may be used during the exam:

(1) A non-graphing calculator. You may not use the programming

options of a programmable calculator.
(2) Formula and data sheets (attached).

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

dictionary.

7. Special instructions:

(1) Answer three questions only. If you answer more than three
questions, only the first three answers in your answer booklet
will be graded. Clearly indicate the number of the question

and item you chose.

(2) When solving questions that require calculations, you must:

Write down the mathematical expression as it appears in the
attached formula and data sheets; write down all derivations
and change of subject of the formula required by the problem;
insert the data in the derived expression; write the results of
your calculations in decimal form to a suitable number of
decimal places, and note the units of measure.

(3) When drawing graphs, use at least one half of the page, and

use a ruler to draw straight lines.

(4) 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 from the table in the formula and data
sheets, or the free-fall acceleration g .

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

of g ,free-fall acceleration (near the surface of Earth).

(6) Write your answers in pen. You may use a pencil for sketches

and graphs only.

(7) If you make a mistake, crossing out the incorrect words or

sentences with a double line is sufficient.

Write in the answer booklet only. Write the word "noyv" at the top of each draft
page. If you write draft material on pages not in the answer booklet your exam
may be disqualified.

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 at the end of the item.)

1. A physics teacher demonstrated two experiments in electrostatics.
In the first experiment the teacher suspended a plastic ball of mass m at the end of a string
connected to the ceiling, and charged it with a charge of q; .
In the space around the ball, the teacher applied a uniform horizontal electric field E directed to
the right. In response to the applied electric field, the ball attached to the string deviated to the right

by an angle a relative to the perpendicular, as shown in Figure 1.

%

sl

Figure 1

N. (1) Develop an expression that relates the angle of deviation a to the intensity of the electric
field E .
Use the parameters m , q; , and physical constants, as needed.

(2) We know that the mass of the ball is m =0.2g .

When the intensity of the electric field was E = 5700% , the ball attached to the string
deviated by an angle a=14° .
Determine the sign of the electric charge, q; , and calculate the magnitude of this charge
using the expression you developed. Explain your answer.

(7 points)

In the second experiment the teacher suspended an additional plastic ball of same mass m in the
field E , charged with a positive charge q, .
In response to this, the angle of deviation of the first ball (of charge q;) changed to {3 . The distance

between the centers of the balls is r , as shown in Figure 2.

es]

Figure 2

/Continued on page 3/
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During the second experiment the teacher changed the distance between the ball centers several

times, and each time adjusted the intensity of the electric field E so that the size of 3, the

deviation angle of the first ball, stayed constant.

Each time the teacher noted the distance r between the ball centers and the corresponding

intensity of the electric field E .

For each measurement, the teacher made sure that the height of the ball centers remained constant

(by changing the length of the string of the second ball).

2. Sketch a diagram of the forces acting on the ball of charge q; in the second experiment
(Figure 2). Write the name of each force next to its vector. For each force, specify the factor
that exerts it. (5 points)

».  Show that the expression that describes the intensity of the established electric field E ,as a
function of the distance r between the ball centers, is

9  mg

=k—5% + .
E kr2 q tan 3

(8 points)

The graph in Figure 3 describes the intensity of the electric field as a function of Lz .
T
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Figure 3

7. Use the graph to find the magnitude of the charge q, and the deviation angle 3 of the first
ball. (8 points)
n. Astudent in the class suggested charging the second ball with a different charge q, insucha
way that both balls would deviate to the right by the same angle relative to the perpendicular.
Is this possible?
Below are five answers 1-5. Determine which answer is correct, and explain why it is correct.
1. Yes.In this case q,>q .
2. Yes.Inthis case q,=q; .
3. Yes.Inthis case q,<q, .
4. Yes. Equal angles will occur for any value of q, .
5. No. Not possible.
(5% points)
/Continued on page 4/
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2. Figure 1 describes a coordinate system and two positive point charges, q and Q .
The charges are placed along the vertical axis (y-axis), each at a distance d from the
origin, O .

We know that Q>q .

Assume throughout this question that the effect of the gravitational force is negligible.

Figure 1
N. Express the magnitude of the electric field created at the origin, O , in terms of the
parameters d , Q, q,and physical constants, as needed. Specify the direction of the field.
(6 points)
Potential at infinity is set at zero.

3. Is there any point in space (except at infinity) where the electric potential equals zero?

If yes — express the location of this point. If no — explain why. (6 points)

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

/Continued on page 5/
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Figure 2 shows several lines which describe equipotential surfaces of the charges system. In the

figure, the value of the potential of each line is labelled with an arrow.
In the coordinate system in the figure, the distance between adjacent marks on the axes is 2cm .

Charge Q is located at the point (0,6 cm) , and Charge q at the point (0,— 6 cm) , as shown in

Figure 2. We know that Q=6-10"19C .
y(cm)

Figure 2

».  Using Figure 2 as an aid, calculate the magnitude of Charge q . Provide detailed calculations.
(8 points)

7. We assign a velocity of vy=52" 10° % to a positively charged particle (positron, labelled e™)
located at the origin O .
We know that the mass of a positronis m_+=9.11- 1073'kg , and its charge is qor=+16" 1071°C.
The positron moves on a trajectory that is influenced by the electric forces exerted on it by
Charges q and Q , and as it moves it passes through Point B which is located on one of the
equipotential lines, as shown in Figure 2.
Calculate the velocity of the positron, vy , as it passes through Point B. (8 points)

n.  Figure 3x shows a compass rose with eight labelled directions (1-8).
Use Figure 32 and determine which of the directions 1-8 approximately corresponds to the
description of the direction of the positron's acceleration as it passes through Point B .
Explain your answer. (5% points)

91V/

2V

B

54V

3a: Magnification of the 3x: Compass rose
space around Point B

Figure 3
/Continued on page 6/
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3. Astudent assembled the electric circuit shown in Figure 1 using the following components:

— abattery with an emf of =12V and negligible internal resistance

— aresistor R with fixed resistance

— two identical conducting rods, each with resistance R, , and fixed resistance per unit length, A
—  ideal measuring instruments: ammeter A , voltmeter V, , voltmeter v,

— asliding contact P connecting voltmeter V, to the top conducting rod R,

—  wires with negligible resistance

V)
5
L P
N R (A
— Ry ——
Figure 1

We know that the reading on the ammeter in the circuit (see Figure 1) is I=1.25A , and the reading
on voltmeter V, is V,=8V .
N. Calculate the resistance R of each of the rods. List the steps of your solution. (6 points)

3. Calculate the resistance of resistor R . List the steps of your solution. (7 points)

Point M in the figure is the left end of the top R, rod.

When sliding contact P is at a distance of L =40cm to the right of Point M , the reading on
voltmeter V, is V,=6V .

3. Calculate A (resistance per unit length of conducting rod). List the steps of your solution.

(7 points)

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

/Continued on page 7/
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Next, the student added several conducting rods, identical and parallel to the two existing

conducting rods in the circuit (see Figure 2).

At this stage the circuit has a total of n identical conducting rods, each of resistance R, .

7.

e

\ n identical conducting

D
R 1
A S I
1S
L P
—rt R 0Ay
— R ——
I .
I
: I ( rods, each with resistance R
|
l |
R, 0—|}

Figure 2

Develop a parametric expression for the current reading shown on ammeter A

(in_the circuit in Figure 2) as a functionof € , R, , R, n,as needed.

(8 points)

Below are statements 14 regarding the changes in readings of the voltmeters as the number of

conducting rods increases (as n is increased).

Determine which statement is correct, and explain your answer.
1.
2.
3.
4.

The readings of both voltmeters decrease.

The readings of both voltmeters increase.

The reading of voltmeter V, increases and the reading of voltmeter V, decreases.

The reading of voltmeter V, decreases and the reading of voltmeter V, increases.

(5% points)

/Continued on page 8/
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4. A group of students assembled the electric circuit shown in Figure 1 from the following
components: a battery with emf & and internal resistance r , a variable resistor with resistance
R; x and whose sliding contact point is S , wires of negligible resistance , and ideal measuring
instruments — voltmeter V and ammeter A .

(V)
U

|
e, 1
L
S
Rik
() K
N
Figure 1

N. The students moved the sliding contact S of the variable resistor Ry, toward the edge L .
Determine whether the reading of voltmeter V increased, decreased, or remained unchanged.

Explain your answer. (5 points)

The students changed the position of the sliding contact S five times (two of the positions were
atedges K and L).
Each time they noted the reading on ammeter A and voltmeter V , and calculated the

power P that developed in the variable resistor R at each of the five measurement

points M; — M5 .
The students sketched a graph of the power P as a function of the current I (see Figure 2).

P(W)

| I(A)

Figure 2

/Continued on page 9/
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a.

Choose the appropriate point on the graph in Figure 2 for calculating the maximum resistance

of variable resistor R .

Calculate the maximum resistance of variable resistor Rk -

List your considerations in choosing the appropriate point. Write the steps of your solution.

(7 points)

Calculate the emf ¢ and internal resistance r of the battery (you may choose two points from

the graph or any other method to aid you). List the steps of your solution. (9 points)

At two points, M, and M, , the power utilized by the variable resistor R} was identical.

7.

Was the battery's wasted power at these two points also the same? If yes — explain your answer;

if no — determine at which point the wasted power was greater, and calculate how many times

greater. (7 points)

The students switched the locations of ammeter A and voltmeter V in the circuit (see Figure 3).

DB

(A)
N
|
|
e, r
L
S
Rix
K
O
Figure 3

Below are four statements 1—4 about the circuit in Figure 3.

Determine which statement is correct, and explain your answer.

1.
2.

4.

The reading on the ammeter is 0 and the reading on the voltmeter is also O .

As the position of sliding contact S on variable resistor R is not specified,

we cannot know the readings on the measuring instruments.

The readings on the measuring instruments (in the circuit in Figure 3) are identical to the
readings on the measuring instruments for point My in the graph in Figure 2.

The reading on the ammeter is 0 and the reading on the voltmeteris ¢ .

(5% points)

/Continued on page 10/
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S. Aparticle of mass m and positive charge q enters a rectangular area AKCD in which there is a
uniform magnetic field El directed perpendicular to the page.
The particle enters the magnetic field at Point M perpendicular to Side AK , and exits it at Point
N perpendicular to Side KC , as shown in Figure 1.
Assume throughout this question that the effect of the gravitational force is negligible.

K T N C
B, /
M -
A D
Figure 1

Given:  velocity of entry of the particle into the magnetic field: v,=2- 10° % ;
charge on the particle: q=1.6+10"'°C ; magnitude of the magnetic field: B,=0.05T ;
time that the particle spent in the magnetic field: t,=3.279- 107 7s

N. Find the direction of the magnetic field ﬁl ; list your considerations. (5 points)

3. Calculate the mass of the particle m . (8 points)

We create another magnetic field, _ﬁz , also uniform and perpendicular to the page, in a rectangular
area KJFC located above the first rectangular area, as shown in Figure 2. We give the particle the
same initial velocity v, , and it travels along the path described in Figure 2.

It exits the rectangle KJFC at Point P in a direction perpendicular to Side KC .

We know that the distance KP is 62.6 cm .

J F
B,
K NP C
B, .
M {
A D
Figure 2
».  Calculate the magnetic field Ez (magnitude and direction) (9 points)

/Continued on page 11/
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Two charged plates with a uniform electric field E between them (a velocity selector) were added
to the rectangle AKCD .
After the particle passes through Point P and reenters the area of the rectangle AKCD , it travels in

a straight path between the plates and exits the rectangle at Point Z , as shown in Figure 3.

J F
B,
K NP c
5, / |
M i
A o~ D
Z
Figure 3

7. Calculate the electric field E (magnitude and direction). List the steps of your solution.
(6 points)

We give this particle (m, q) the same initial velocity, vy=2- 100 % .

This time the particle enters at Point Z, perpendicular to Side AD (see Figure 3), travels in the

opposite direction along the path Z - P - N - M and exits at Point M, perpendicular to Side AK .

7. Determine whether the direction of one (or more) of the fields El , Ez , E was reversed, in
this experiment.

Explain your answer. (5% points)

/Continued on page 12/
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6.

Some students built an experimental setup consisting of a conducting rod suspended from a
horizontal wooden beam by means of two conducting wires.

The rod and wires are part of an electric circuit in which it is possible to change the intensity of the
current i (Figure 1).

The conducting rod passes between the poles Q , P of a horseshoe magnet placed on a surface.
The direction of the conducting rod is perpendicular to the direction of the uniform magnetic

field B of the magnet, and the rod does not touch the surface or the magnet.

The mass of the conducting rod is m .

The length of the segment of the conducting rod that is inside the magnetic field is L=10cm .

A force sensor measures the tension in one of the wires. The tension in both wires is identical.
Assume throughout this question that the effect of the earth's magnetic field, the mass of the wires,

and the mass of the force sensor are negligible.

+ \/—__ Wooden beam

Conducting rod
Force sensor —

Figure 1

The students changed the current intensity i several times, and each time noted the
tension T measured by the force sensor. The results are shown in the table below.

i(A) 1.0 30 50 7.0 90

T(N) 0.090 0.075 0.045 0.035 0.010

N. Determine the direction of the magnetic field in the horseshoe magnet (from P to Q or from Q to P).
Base your answer on Figure 1 and on the measurement results shown in the table.
Explain your answer. (6 points)

3. Develop an expression for the tension in the wire as a function of the current intensity i .
Use parameters m, B, L, and physical constants, as needed. Assume that outside of the
magnet the intensity of the magnetic field is negligible, and that inside the magnet it is uniform.

(6 points)

/Continued on page 13/
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3. (1) Inyour answer booklet, sketch a scatter diagram (dots on a coordinate system) of the
tension in the wire as a function of the current flowing in the rod.
(2) Add the best-fitting line (regression line) to your scatter diagram.
(8 points)
7. Calculate the mass m of the conducting rod and the intensity of the magnetic field B in the
horseshoe magnet. Base your calculation on the expression you developed and the graph you
sketched. (8 points)

The students removed the horseshoe magnet, and placed the conducting rod along the axis of a
solenoid in which a constant current flows (the direction of the current in the solenoid is indicated

in Figure 2).

+ <—+— Wooden beam

~— Conducting rod
Force sensor

/ Figure 2

n. Figure 3 below shows graphs 1-4.
Determine which graph correctly describes the reading of the force sensor as a function of the

intensity of the current flowing in the rod.

Explain your answer. (5% points)
Force sensor Force sensor Force sensor Force sensor
reading reading reading reading
—_.—i —_.—i —_.—i —_.—i
4 3 2 1
Figure 3
Good Luck! 1AnYyna
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