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Instructions for examinees
x.Duration of the exam: One hour and forty-five minutes.

2. Exam structure and breakdown of points:
This exam has six questions. Answer three of them only.

Each question — 33% points; 3 X 33% = 100 points

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

(2) The physics formulas and data 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 the meaning of that symbol in words.
Before you perform your calculations, insert the
appropriate values into the formulas.

Write your final answer in the appropriate units. If
you do not write out the formula or do not insert
the values or 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 to you in the
question.

If necessary, you may also use basic constants, such as

the free-fall acceleration g or the elementary charge e.

(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. 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»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!
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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. For a high-school physics investigative project, the students decided to examine the motion
of objects thrown vertically. To do this, they went to the top of a tower of height H and then
simultaneously threw three identical balls: A, B, and C.

Ball A was thrown downward with an initial velocity of magnitude v,.

Ball B was thrown upward with an initial velocity of magnitude equal to the magnitude of
Ball A's initial velocity.

Ball C was released from a state of rest.

The three balls did not collide while they were moving.

The students assigned the positive vertical axis of their graphs to the downward motion.
They drew a graph of velocity vs. time for one of the balls from the moment it was thrown

until it was about to hit the ground, as shown in the following diagram.

Ball Velocity as a Function of Time

50

40

30

20

10

0 > ((s)

i | | |

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

/Continued on page 3/



TPDIN ,NODI + 36361 DN ,N"YWN VD DP9 -3-

Physics, Summer 2018, No. 36361 + attachment

In Items 7-x, assume that the frictional force between the balls and the air can be ignored.

N.

Determine whether the graph describes the velocity of Ball A, Ball B, or Ball C.

Explain your answer. (6 points)
Calculate the height of the tower, H. (6 points)

Calculate the vertical distance between the location of Ball A and the location of Ball B

at time t=2s . (8 points)

On the same set of axes, the students added graphs corresponding to the other two balls.

7.

Explain the physical meaning of each of the following values (1) - (3), and determine
which of these have identical numeric values for all three graphs.

(1) The slope of the graph

(2) The point of intersection of the graph with the velocity axis

(3) The area enclosed between the graph and the time axis

(9 points)

For this item, assume there was a frictional force between the ball and the air, of a

magnitude that was constant and smaller than the weight of the ball. Remember, all the

balls are identical.

Determine whether the magnitude of the velocity of Ball A at the moment it strikes the
ground is less than, greater than, or equal to, the magnitude of the velocity of Ball B at
the moment it strikes the ground. Explain your answer using energy considerations or

kinematic considerations. (4% points)

2. Astudent in a physics laboratory constructed the system shown in the diagram.

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

/Continued on page 4/
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The system is composed of two bodies whose masses are m; and m, .

Body m,; lies on a smooth inclined plane that slopes at an angle a. Body m, is hanging and

is tied to Body m,; by a string that runs over a frictionless pulley (see diagram).
The string's length is constant, and the bodies never reach the pulley at any time.
Air resistance, the pulley's mass, and the string's mass can all be ignored.
The student held the system at rest. At a certain moment, she released the system from rest,
and at that moment she began to exert a constant force of magnitude F on Body m, in the
downward direction of the inclined plane and parallel to it, as shown in the diagram
(this direction is defined as positive).
Body m; moved down the inclined plane, and the student measured the acceleration of the
system.
N. Sketch in your answer booklet a diagram of the forces acting on each of the two bodies
during their motion. Label each force with its name. (5 points)
3. Develop a linear expression (of the form y = Ax + B ) for the magnitude of the
acceleration, a, as a function of the magnitude of the force F.
Express your answer in terms of g, @, m; , m, , and F. (8 points)
The student repeated the experiment several times. Each time she changed the magnitude of
the force F and measured the magnitude of the acceleration a. The results obtained are shown

in the following table.

F(N) 20 30 40 50 60

m
a<:2> 30 50 74 9.1 12.5

». In your answer booklet, sketch a graph of a (the acceleration of the system) as a function
of the force F. (8 points)

Given: The masses of the two bodies are equal, m;=m,=m .

7. Using the graph that you sketched, calculate the mass m. (7 points)

n. Using the graph, determine at what magnitude of force F will the system move with a

uniform motion (constant velocity). Explain your answer. (5% points)

/Continued on page 5/
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3. The diagram below shows a ski slope that is composed of three sections: AC, CG, and GL.

The first two sections, AC and CG, are circular arcs of radius R. The third section, GL, is a
non-circular path. In sections AC and CG, the friction between the skier and the slope can be

ignored, but starting from point G, there is friction that cannot be ignored.

A skier starts moving from rest at point A. He moves only by sliding and does not use ski
poles to aid him. Throughout his entire motion, the skier never loses contact with the slope.

The air resistance can be ignored.

Ground

N, Determine which of the four figures 1-4 below correctly represents the diagram of forces

acting on the skier at point B. Explain your answer. (8 points)
N
N
B B B B
AH\
mg mg mg mg
N
4 3 2 1

3. (1) Determine whether the acceleration of the skier at point D has a tangential
component. Explain your answer.

(2) Copy the circular section CG to your answer booklet (an approximate sketch), and
add to the sketch an arrow that describes the resultant acceleration of the skier at
point D (it is not necessary to actually calculate it).

(7 points)

(Note: This question continues on the next page.) /Continued on page 6/
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Given: R =60m, and the mass of the skier with his ski equipment is m = 80kg.

The height of point E above the ground is h; =32m (E is the lowest point on the
slope).

5. Calculate the magnitude of the skier's velocity as he passes through point E. (5 points)

7. Calculate the force (magnitude and direction) that the skier exerts on the track at point E.

(8 points)

Given:  The total work of the frictional force from point G to the point where the skier
stops is 20klJ.
The height of point L above the ground is h, =36m .

n.  Determine whether the skier reached point L. Explain your answer using a calculation.

(5% points)

4. Until the eighteenth century, the speed of fast objects such as rifle bullets could not be
measured. In 1742, the English scientist Benjamin Robins invented a method for measuring
the speed of bullets using a ballistic pendulum.

The diagram on the next page depicts this method in three stages.

In the first stage, a bullet of mass m, is fired toward a body of mass m, that is hanging on a
string of length £ .

In the second stage, the bullet strikes the body at point A with a horizontal velocity of
magnitude v, penetrates the body and comes to a stop inside it. The penetration time of the
bullet into the body is extremely short, and therefore the movement of the body during this
time can be ignored.

In the third stage, the body (with the bullet inside it) rises to point B and stops there

momentarily. At this point, the angle of deviation of the string from the vertical [13x] is 0.
Ignore the air resistance and the mass of the string.

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

/Continued on page 7/
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Stage Three Stage Two Stage One

0
Vv
A 0
=00 Bl =
m, +m, m, my

The following items refer to the system consisting of the body + bullet.

N.

Determine whether the momentum and the mechanical energy are conserved during the
time interval from the moment the bullet strikes the body until the bullet stops within the
body. Explain your answers. (6 points)
Determine whether the momentum and the mechanical energy are conserved during the

time interval from the moment the body begins to move until it stops momentarily at

point B. Explain your answers. (6 points)

System data: mass of the bullet m; = 0.015kg, mass of the body m, =4.985kg,

string length £ = 0.6m, angle of maximum deviation of the string 6 =12°.
Calculate the kinetic energy of the system immediately after the body (with the bullet
inside it) started moving at point A. (9 points)
Calculate v, the speed of the bullet at the moment it struck the body. (7 points)

Calculate the mechanical energy that was "lost" due to friction. (5% points)

/Continued on page 8/
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Harmonic Motion

S.

A wagon of mass M is located on a smooth horizontal surface. A spring that is compressed by
20cm relative to its relaxed length is attached at one end to the wagon and at its other end to a

wall (see diagram).

M

B, C B,

0O 5 10 15 20 25 30 35 40 x(cm)

The wagon was released from rest and was photographed from the moment it began to move
at point B, until it stopped momentarily at point B,.The wagon then continued to move
between points B, and B, in simple harmonic motion. Using a sequence of pictures made
at 0.1s intervals, the location of the wagon was measured with a ruler placed on the surface

(see diagram). The table below shows the measurements.

Point B, C B,

t(s) 0 0.1 02 03 04 0.5 0.6 0.7 0.8 0.9 10

x(cm) 0 10 39 83 | 138 | 200 | 262 | 31.7 |36.1 | 390 | 400

N, Determine the period [mnnn yor] T and the amplitude [nyawnin] A of the simple harmonic
motion of the wagon. (3 points)

3. Using the data in the table, calculate the wagon's maximum speed. (7 points)

Given: The mass of the wagon is M = 3kg.
5. Calculate the spring constant k. (7 points)
The wagon passed point C for the first time at t; =0.8s from the moment it was released at

point B, (see table).

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

/Continued on page 9/
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Gravitation
6.

7.

ey

(2

3

In your answer booklet, sketch a diagram of all the forces acting on the wagon at
point C.

Calculate the resultant force [ pwin man] (magnitude and direction) acting on the
wagon.

At time t,, (t, >0.8s), a force identical (in magnitude and direction) to that which

you calculated in Sub-item (2) acted on the wagon again. Determine what the

smallest t is. Explain your answer.

(10 points)

Each of the following sub-items (1)-(3) describes a change made to the system described

at the beginning of the question. After each change, the system is returned to its initial

state.

For each of the sub-items (1)-(3), determine whether, as a result of the change,

the period T of the motion will be greater, smaller, or unchanged.

Explain all your answers.

1)
(2

3

1
(63

The wagon is replaced with another wagon, M,, whose mass is double, M, =2M.
At the beginning of the motion, the spring is compressed by 10cm relative to its
relaxed state (rather than by 20cm).

The existing spring is replaced by another spring, k, , whose spring constant is
double, k, =2k .

points)

In August 2017, the Israeli space agency, together with the French space agency, launched

a microsatellite called VENuUS (Vegetation and Environment monitoring on a New

MicroSatellite) for unique scientific observation and research purposes. The satellite is

equipped with sophisticated technological devices, some developed and manufactured in

Israel. From space, the satellite will photograph, among other things, fields and plots of land

for research projects that monitor the state of soil, vegetation, and water quality.

The satellite is equipped with two innovative jet engines that were developed in Israel and

will be tested in space for the first time.

/Continued on page 10/
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The satellite is intended to stay in space for about three and a half years:

In the first stage, the satellite will orbit at an altitude of 720km above the earth.

In the second stage, the satellite will orbit at an altitude of 410km above the earth.

Note: — Assume that the satellite travels in a circular orbit.

— Consider only the influence of the earth on the motion of the satellite.

The influence of other celestial bodies can be ignored.

Calculate the free-fall acceleration of the satellite during its motion in the first stage
(magnitude and direction). (7 points).

Calculate the period and tangential velocity of the satellite while in orbit in the second

stage. (10 points)

For each one of the following three statements, determine whether it is correct,

incorrect, or cannot be determined.

(1) The gravitational potential energy of the satellite in the first stage is greater than its
gravitational potential energy in the second stage.

(2) The kinetic energy of the satellite in the first stage is greater than its kinetic energy
in the second stage.

(3) The total energy of the satellite in the first stage is equal to its total energy in the
second stage.

Explain all your answers.
(10 points)

Item 7 below discusses a hypothetical satellite.

Consider a satellite that travels around the earth in a circular orbit of radius 6900 km.

The mass of the satellite is 300 kg.

7.

All rights reserved by the State of Israel.
No part of this document may be copied or disseminated without
the permission of the Ministry of Education.

Calculate the minimum additional energy required to bring the satellite to a state at

which it will break free of the influence of the earth's gravity. (6% points)

Good Luck! ImnYyna
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