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Instructions for examinees

x.Duration of the exam: One hour and three quarters

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 formulas 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-falling acceleration at the Earth's
surface.

(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, on separate pages, everything you want to

write as a draft (notes, calculations, etc.). Write the word "no»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!

NI DTN

9PN TIVN

M2 11NN N

2018 ,n”ywn Y>P :13°NAN TYIN

36371 )PYNWD 1900

97n> 5-5W 172 NP°192 DINNN MRND :NOD)
(3) YNY DNIN

nETAR X
Snyn

N335 MINMN
NPT WM DYIINY IYY 111NN WA N
:N2IYNN DD PORWN 73N .2
7292 ¥5W DY YD PYHY 1, MORY WY it PNIRWI

MTIPI 100 = 33§ X3 ;MM 335 — nHNw HIH

PIDOWA AN NY INN )
Javnn(1)
JORWY GNNNDN NP9 DINNI MINRNDN NOD) (2)
2I2Y-%9 /D=3y o (3)

TN MRND LT
MADN MORWY MNWN .NYPIANNY 290 MORY 1900 Yy My (1)
IPTIND
(.NPN2N NIINN INYNN ITO 292 1P T MNWNN)
DNRY MXNDND DN DY, 2N 112 WITIW MORY PINS (2)
N2 wHNWn
D101 NI ,MRNDNN PDTIIPRY PDDI WHNWN NN TWRD
TIN 28N, 21N MOV Y¥IN INNRY 19D )01 ¥IPO NN
MIXNDN DYPRNND DD
DIYIHN DNIRNND MTN NYDPY IRNIND IR DY)
D99y MTNPN DY IR IN NANIN PINAR IN INDNN
VDD MTIPI PNONS
DIV, NORYN MNN) MYNNIRA DTN ¥IND wITI DNN TWNRD
NN NTNII;DPYN IR NORYD NN DX HDIDN P0NNN NV
12°9)0 NYIND NI ,D»D°D DYNAP D) WHNWAD TWIN
.€ YTID WONN IR g PYWAIND
JPwonn 9030 nnnY 10 m/s? 3 wonwn pawena (4)
N DP9V NPPIN N PNINYL NN LY PMIYN DX 1N (5)
MYV IIWONY

.7292 DVILIDY PIBYI WHNWND IMN

(3)

NLYLI DNIY PNV N HI,D>779) DTINYL, 7121 NPNIAN NIANNI 1ND
DY) ALYV TNY DI WXRI "NOPL” DY (D172 DN ,DPPI9 SWNI)
17N270 NYDY DYNO DY NPNIAN NIANNS \INKY DT Y 1Y MLYL

tAnnbsna



P9IN,NOD) + 36371 DN ,N”YWN VP .09 -2-
Physics, Summer 2018, No. 36371 + attachment

Questions

Answer three of the questions 1-6.

(Each question — 33% points; the point value of each item is listed after the item.)
1. A small sphere, B, is held at Point A on a smooth horizontal surface.
The sphere has a mass m; and a charge q;.
Given:  The measured electric potential at Point S on the horizontal surface was
V, =—1000V .

The distance between Points S and A is 9 cm (see figure).

Smooth horizontal surface @

\
A 9cm

Figure 1

N. Calculate the magnitude of the charge q, and determine its sign. (6 points)
3. Calculate the magnitude of the electrical field that the charge generates at Point S.

(5 points)
A second small sphere, B,, of mass m, and charge q,, is brought from infinity to Point S, and
is held there.
Given: m,=2m;, q,=2q; .
».  Calculate the work that was done in bringing the sphere B, from infinity to Point S

(ignore the gravitational force). (7 points)

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

/Continued on page 3/
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Figure 2 below shows six illustrations describing the lines of a resultant electric field formed

by two charged spheres.
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Figure 2
7. Which one of the illustrations 1-6 correctly describes the resultant field formed by the
two charged spheres B; and B, when the sphere on the left is B; and the sphere on the

right is B, ? Explain your answer. (7 points)

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

/Continued on page 4/
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Both spheres are released and allowed to move over the smooth horizontal surface. At a
certain moment Sphere B, passes Point D and Sphere B, passes Point H.
Points D and H are not marked in Figure 1.
n. Determine whether the magnitude of the electric force exerted on Sphere B, at Point D
is smaller than, greater than or equal to the magnitude of the electric force exerted on
Sphere B, at Point H. Explain your answer. (5 points)
1. Determine whether the magnitude of the velocity of Sphere B, at Point D is smaller than,

greater than, or equal to the magnitude of the velocity of Sphere B, at Point H.
There is no need to explain. (3% points)

2. The image below shows the battery of an older-generation cell-phone (Generation 2).

BL-4(T|860mAh 3.7V 3.2Wh

O B

ME 83

Figure 1
This battery's specifications are: amount of energy stored in the battery, 3.2 Wh (watt x hour);
emf, 3.7 V; electric charge, 860 mAh (milliampere x hour).
N. Express the amount of energy stored in the battery in Joules (J), and the electric charge in
Coulombs (C). (5 points)

To test this battery, we construct a circuit consisting of the battery and a device that simulates
the cell-phone.

The tests measure the current intensity and the terminal voltage for various cell-phone states,
for example: on standby, on a call, and when surfing the web.

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

/Continued on page 5/
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5.

The table below shows some of the test results.

Current intensity (mA)

50

100

200

400

600

800

Terminal voltage (V)

35

33

30

2.7

22

1.7

3. Based on the results shown in the table, draw a graph of the terminal voltage as a

function of the current intensity in the battery.

3. (1) Use the graph to find the emf of the battery. Explain your reasoning.

(2) Use the graph to calculate the internal resistance of the battery.

(8 points)

(7 points)

7. (1) Calculate the power delivered [ypww poon] by the battery (P, ) when current

intensity is I =300mA .

(2) Calculate the power consumed [>s1n paon] by the device (P,,) when current

intensity is I=300mA.

(8 points)

The graph below describes the power consumed by the device as a function of the resistance

of the device.

Power consumed (W)

1.2+
1.0+
0.8+
0.6

R, 20

Figure 2

For two different resistances of the device, R; and R, (R2 >R, see Figure 2), the consumed

power is 0.6W.

n. At which resistance, R, or R,, will the battery heat up more? Explain your answer.

(5% points)

/Continued on page 6/
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3. In the diagram below, the electric circuit is composed of two ideal voltage sources, €, and &,,

a light bulb L, two resistors R, and R,, and ideal wires.

&€
b || R
O T
L
I | Ry |———

An ammeter is added to the circuit to measure the current I, that passes through the light
bulb, and a voltmeter is added to measure the voltage on the resistor R,.

Both meters are ideal meters.

N. Copy the diagram to your answer booklet. Add the ammeter and voltmeter to the

diagram in your answer booklet. (8 points)

Given: ¢, =18V, e,=304V,R; = 1092, R, =12€Q. The light bulb is marked 36W, 12V.
2. Calculate the resistance of the light bulb, R; . (6 points)

Each of the two Kirchhoff laws is an application of a law of conservation.
d>. (1) Write both of Kirchhoff's laws (in words).
(2) For each of Kirchhoff's laws, list the conservation law it derives from.
(6% points)
7. Provide equations that can be used to calculate the intensity of the current I; flowing
through the light bulb. There is no need to provide calculations. (6 points)
The ammeter reading is 2.5A and the voltmeter reading is 20.4V.
n.  Calculate the intensity of the current that passes through the voltage source ¢,.

(7 points)

/Continued on page 7/
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4. Figure 1, below, describes an electric circuit that contains a voltage source, a (long) solenoid

[s»n> 0], an ammeter, a switch, and wires.

Solenoid axis

Figure 1
The switch was closed and a current I, flows through the solenoid.
N. (1) Determine the direction of the current in the circuit: from E to F or from F to E.
(2) Determine the direction of the magnetic field, B, in the solenoid: Q, P, H, or G (see
the arrows in Figure 1). Explain your answer.
(8 points)
A square, conductive frame, abcd, was placed inside the solenoid (as shown in Figure 2).

A current I, flows through the frame. Side cd of the frame is parallel to the solenoid's axis.

Figure 2

Given:  The turn density of the solenoid is 6000 turns per meter, I; =0.1A, I, =20A,
the side length of the frame abcd is 4 cm.

3. Calculate the magnetic force (magnitude and direction) exerted on each of the sides
ab, bc. List your considerations. (1 1% points)

(Note: This question continues on the next page.)
/Continued on page 8/
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The frame was taken out of the solenoid and a very long conductive wire was placed inside it
along the solenoid axis. The current through the wire is I, =20A.
The diagram below shows a side-view (cross-section) of the solenoid and wire. Current I, in

the solenoid flows clockwise, and the current 15 in the wire flows 'out of the page'.

Figure 3

3. Copy Figure 3 to your answer booklet. In the figure in your notebook, at Point r, mark
the direction of the magnetic field, B, generated by the solenoid, and the direction of the
magnetic field, B, generated by the wire. (8 points)

7. Calculate at what distance from the solenoid's axis the magnitude of the field B, will

equal the magnitude of the field B, . (6 points)

/Continued on page 9/
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Capacitance
5. In an experiment, a student constructed a series electric circuit using the following
components: battery, switch, resistor R, capacitor C, wires, and meters - an ammeter and
three voltmeters to measure the voltage between the battery terminals (V,), the voltage on the
resistor (V,), and the voltage on the capacitor (V).
Capacitor C is a parallel-plate capacitor with no dielectric material between the plates (e, =1).
Given: The battery, wire connectors, and meters are ideal.
N. In your answer booklet, draw a diagram of the electric circuit described above.
(4 points)
3.  Write an equation for the relationship between the three voltage measurements
Vi, V,,and Vj. (1 point)
Step 1 of the experiment

At the time t = 0, when the capacitor was not charged, the student closed the switch.
The graph below describes current intensity in the circuit as a function of time from t=0.
Current in the circuit as a function of time
1(A)
A

0.06
0.05
0.04

0.03 \
0.02 \

N

0.01 \
\‘

0 > (s)
0 002 004 006 008  0.10

Figure 1
Given: C=20upF.
».  Use the graph to calculate:
(1) the resistance of Resistor R
(2) the voltage on the resistor (V,) at time t=0.
(10 points)
(Note: This question continues on the next page.)

/Continued on page 10/
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Step 2 of the experiment:
After a very long interval the student opened the switch and doubled the distance between the

plates.
7. Calculate the voltage on the capacitor (V;) after the change. (7 points)
n. Determine whether, after the change, the electric field intensity between the plates

increased, decreased, or remained unchanged. Explain your answer. (5 points)

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

/Continued on page 11/
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Step 3 of the experiment:

The student returned the capacitor to its original state at time t =0 in Step 1.

She filled the entire volume between the plates with a substance whose dielectric constant
[opoxT DTPN] is €, = 3, then she closed the switch and waited a long time.

The four graphs in Figure 2, below, describe current intensity as a function of time. The solid
lines describe the current in the circuit before adding the dielectric substance (as shown in

Figure 1), and the dashed lines describe the current in the circuit after adding the dielectric

substance.
_ Graph 2 . Graph 1
i(A) i(A)
A A
0.06 0.06
0.05 - 0.05
0.04 \ = 0.04 4
0.03 \ 0.03 \

0.02 \ 0.02 \\

001 ~ Theees 001 4 BN

\ \\. \

0 > t(s) 0 > t(s)
0 002 004 006 008 0.10 0 002 004 006 008 0.10
Graph 4 Graph 3
i(A) i(f)

A
0.06 = 0.06
0.05 4" 0.05
0.04 0.04
0.03 \ 0.03 N\

0024\ 00245\

N

001 BN EEESSS 001 45

0 E=== > (s) 0 e [Py > (s)

0 002 004 006 008 0.10 0 002 004 006 008 0.10

Figure 2

3. Determine which one of the four graphs, 1-4, correctly describes the current as a function
of time in both states. Explain your answer. (6% points)

/Continued on page 12/
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Induction

6. The diagram below describes a system that contains two smooth rails, PQ and KL, whose
resistance is negligible.
The rails are resting on a horizontal table parallel to each other. The distance between the rails
is £.
Resistor R, connects between points P and K on the rails, and Resistor R, connects
between points Q and L on the rails.
A conductive rod, MN, with negligible resistance, moves on the rails without friction at
a constant velocity of magnitude v; its direction of movement is to the right. The rod is
perpendicular to the rails.
The system is located inside a uniform magnetic field of magnitude B, directed 'into the page'
and perpendicular to it.
Air resistance is negligible.

P M Q
1 1
B
R, 0 N R,
1 1
K N L

Given: R,=10Q,R,=5Q,B=10"2T, y=5% €=0.Im,

An induced emf was generated in the rod MN.

N. Determine which point, M or N, has a higher potential. Explain your answer.
(5 points)

a. Calculate the induced emf between Points M and N. (5 points)

3. Calculate the current intensity and determine its direction in each of the following
components: Resistor R, Resistor R,, and Rod MN. (10 points)

7. Determine whether there is an external force acting on the rod MN (the rod is moving at
a constant velocity).
If there is, calculate its magnitude and determine its direction.

If not, explain your answer. (8 points)
7. What is the source of the energy in this system? (5% points)
Good Luck! ImnYsna
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