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Type of exam:

~. Bagrut for high schools

1. Bagrut for external students

Exam date: Summer 2016

Exam number: 036201, 656

Attachment: Data and formulas for 5-point Physics
English translation (3)

Physics
Mechanics, Optics and Waves
For 5 points

Instructions for examinees
~. Duration of the exam: Two and a half hours (150 minutes)
1. Exam structure and breakdown of points:
This exam has two parts.
Part One — Mechanics — 3x 251 75 points
Part Two — Optics and Waves — 2 x 12j 25 points

Total — 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. (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 write out the formula with the
inserted values or write the units, points may be
deducted from your score.

(3) When you are asked to determine a value using data
provided in the question, write out the mathematical
expression including all or some of the given
data. When necessary, you may also use basic
constants, such as the free-falling acceleration g or the
gravitational constant G.

(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" at the top of each draft page. Writing any sort
of draft material outside the test booklet may lead to

the disqualification of the exam!

Good Luck!
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Questions
Part One — Mechanics (75 points)

Answer three of the questions 1-5.

(Each question — 25 points; the point value of each item is given.)

1.

Shimon is playing with his cat. Shimon pushes a toy mouse along the

floor. The toy moves along a straight line from Point A toward Point B (see
figure). At the same time, the cat begins to run from the same point heading
in the same direction. Consider the air resistance to be negligible.

: L
o)

The cat accelerated from a state of rest at a steady rate of 18% for

2 seconds. It then continued moving at a constant velocity for an additional
5 seconds. Over the next second, it decelerated at a constant rate until
stopping at Point B.
X. In your answer booklet, sketch a graph of the velocity of the cat as a
function of time. (6 points)
a. Calculate the distance between Point B and Point A. (4 points)
Shimon gave the toy an initial velocity at Point A and the toy reached
Point B one and a half seconds before the cat reached that point.
The coefficient of friction () between the toy and the floor is constant.
3. Calculate the initial velocity of the toy. (4 points)
7. In your answer booklet, sketch a diagram of the forces acting on the toy
and calculate the value of . (6 points)
Later, Shimon played the game once more and gave the toy the same initial
velocity. This time, the coefficient of friction (u') between the toy and the
floor was double what it had been previously (u' = 2).
n. In which one of the following parameters of the toy's movement, 1-4,
was there no change? Explain your answer.
1. the acceleration
2. the time it took the toy to stop
3. the distance the toy traveled before it stopped
4. the average velocity

(5 points) /Continued on page 3/
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2. Two excerpts (Excerpt x and Excerpt 1) from a laboratory report written by
a team of students are presented below. Read both excerpts and answer the
items that follow each excerpt.

- Excerpt x -
Subject: Application of Newton's Second Law
The figure shows a system (an Atwood Machine) made up of
a pulley that is attached to the ceiling and a rope that is wound
around it. Baskets A and B are attached to the two ends of
the rope and there are weights in each basket. The total mass
of Basket A and the weights it contains is m, and the total
mass of Basket B and the weights it contains is m. Basket A
(the heavier one) is located at a height h above the floor (see
figure). The baskets can move up and down.
In this system, the mass of the rope, the mass of the pulley
and all of the frictional forces are negligible. Over the course
of the experiment, the system is released from rest.
A stop-watch is used to measure the amount of time (t) from
the moment the system is released from rest until the moment
that Basket A hits the floor. The height and time measurements
are used to calculate the acceleration (a) of Basket A.
Experiment 1
Objective: To test the hypothesis that Basket A falls with a
constant acceleration
Procedure: Basket A was released several times, each time
from a different height, with no change in the masses of the
baskets. The acceleration (a) was then calculated.
The results and calculations for three measurements are
presented in the table below.

h (m) t (s) a (s%)

0.5 1.01 0.98
1 1.40 1.02
1.5 1.72 1.01

N. Briefly explain why, based on Newton's Laws, we would assume that
Basket A falls with a constant acceleration. Do not base your answer for

this item on the collected measurement data. (4 points)
3. Show how the students calculated the acceleration in this experiment.
(3 points)

3. Do the findings presented in the table support the hypothesis that
Basket A falls with a constant acceleration? Explain your answer.
(3 points) .
(Note: This question continues on the next page.) /Continued on page 4/
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- Excerpt 2 -

Experiment 2
Objective: To examine the relationship between acceleration and the difference

between the masses of the two baskets while the overall mass of the system remains
constant

Procedure: The duration of movement was measured several times and, each time, a
weight was transferred from Basket B to Basket A.

The collected measurement data and the trend line are presented below.

m
3(S2)

0.7 4
0.6
0.5
0.4
0.3
0.2
0.1

0 T T T T T T T (mA'mB)(kg)
0 001 0.02 003 004 005 006 0.07

7. In your answer booklet, sketch a diagram of the forces acting on each
basket. Label each force in your diagram (by name). (4 points)

n. Based on Newton's Laws, write an equation that describes the
relationship between the acceleration and the difference between the

masses of the two baskets. (6 points)

3. Based on the graph shown in Excerpt a2 from the students' report and the
equation you wrote for Item n, calculate the total mass of the baskets in

the system (m, + m;). Show detailed calculations. (5 points)

/Continued on page 5/
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3.

EQ)

An object with a mass m was released from rest at Point A and traveled
along Track ABCD (see figure).

Section ABC of the track is smooth and its shape is that of a quarter-circle
with the radius R. Section CD is rough and level.

Air resistance is negligible.

D
Use all or some of the parameters R, m, g and 0 to answer Items x through ».

@l e

N. Express the velocity of the object at Point B. (6 points)

3. Express the angular acceleration [m°98>77 n¥xn] of the object at
Point B. (3 points)

».  Express the tangential acceleration [n>pwn n¥xn] of the object at
Point B. (5 points)

After passing Point C, the object traveled with a constant acceleration until

it stopped at Point D.

Given: Stopping distance CD = 2R.

7. Based on energy considerations, calculate the coefficient of friction
between the object and the rough, level section of the track. (6 points)

Four graphs that describe mechanical energy as a function of time are
presented below.

EQ) E(J) E{J)

t(s) t(s) +— t(s) t(s)
v 111 1I 1

7. (1) Which of the graphs I-IV correctly describes the mechanical

energy of the object over Section ABC as a function of time?

(2) Which of the graphs I-IV correctly describes the mechanical
energy of the object over Section CD as a function of time?

Explain each of your answers. (5 points) /Continued on page 6/
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4. Abox with a mass m = 0.5 kg traveled along a smooth horizontal surface
toward a box that had a mass M and was at rest (see Figure 1).

wl— ]

Figure 1

The two boxes collided in a perfectly elastic collision.

The velocities of the two boxes as a function of time are presented in the
graph below.

Note: In the graph, time is shown in milliseconds [ nNadbx].

V(g

2.5
2

1.5 —
1 -
0.5 —

0
—0.5
-1 4

—1.5 -

0.5 1 1.5 2

Figure 2

Use the graph to answer the items below.

N.

Describe in words the movement of the box with mass m over the
period of time described in the graph. (3 points)

Calculate the mass M. (5 points)

Calculate the average resultant force [yxmnn 5pwin man] that acted on
the box with mass M during the collision. (5 points)

In the graph, we can see that during the collision, the slopes of the two
curves differed in terms of their magnitude and their sign. Explain this
difference, based on Newton's Laws. (5 points)

Prove that the collision was perfectly elastic. (4 points)

The box with mass M was removed and replaced with another box with
a mass M'. The collision between the boxes remained perfectly elastic.
Calculate the maximum value of M' for which the direction in which
the box with the mass m is traveling will not change after the collision.
(3 points) /Continued on page 7/
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S.

In an imaginary scenario, two astronauts, Tim and Jim, explored a planet
that does not rotate around its axis. Tim sat in a chair inside a spaceship that
orbited the planet, moving along a circular route with the motor off.

Jim sat in a chair inside a vehicle located on the surface of the planet (see
figure).

The two astronauts each have the same mass: m = 100 kg.

N. Which astronaut exerted a greater force upon his chair: Tim or Jim?

Explain your answer without doing any calculations. (6 points)

On the floor of the vehicle parked on the surface of the planet, there was a
scale. When Jim stood on the scale, it read 2000 N.

Jim began to travel along a circular route that followed the equator of the
planet. He noticed that the more he increased his velocity, the smaller the
value reported by the scale.

3. Explain why the value reported by the scale decreased. (3 points)

Given: When the vehicle reached a velocity v=1.25- 104 % , the scale
reported a value of 980 N.

3. Calculate the radius of the planet. (6 points)
7. Calculate the mass of the planet. (6 points)
n. The acceleration of the spaceship steadily orbiting the planet (uniform

circular motion) was a .

We will use g* to indicate the gravitational acceleration at the height at
which the spaceship orbited the planet.

Which one of the statements below, 1-3, is correct?

Explain your answer.

I. a>g*
2. a=g*
3. a<g*
(4 points)

/Continued on page 8/
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Part Two —Optics and Waves (25 points)

Answer two of the questions 6-8.

(Each question is worth 125 points; the point value of each item is given.)

6. A student wanted to check the type of lenses used in her aunt's glasses.
To do this, the student placed two identical spoons on a table and placed one
of the lenses over one of the spoons.
A photograph that the student took of the spoons and the glasses is shown

below.

N. For each of the sub-items below, (1)-(3), determine which term
correctly describes the image of the spoon seen through the lens.
(1) upright or inverted (upside-down)
(2) real or virtual
(3) enlarged or reduced in size

(one point)

3. Is the lens a converging lens [m>7 nwy] or a diverging lens
[mvon nwTy]? Explain your answer.
(2 points)

/Continued on page 9/
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3. Use a precise drawing of the paths of three rays to find the image of the

spoon.

Given: The focal length of the lens is | f |=12 cm, the distance between
the object and the lens is 6 cm and the height of the object is 3 cm.

In your drawing, use a scale of 1 square =1 cm.

(5 points)

7. Use formulas to calculate the height of the image and the distance
between the image and the lens.
Do the results of your calculations match the values obtained in your
drawing?

(4% points)

/Continued on page 10/
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7.

The figure below shows an empty cylindrical container. The height of the
container is 12 cm and its diameter is 6 cm.

There are two very small beads at the bottom of the container. Bead A is
next to the wall of the container and Bead B is located at the center of the

floor of the container.

6 cm

A student looked into the container in the direction EC (Point C is located
on the lip of the container).
When the container was empty, the student saw only Bead A.
The container was filled to the top with a clear liquid. The student looked in
the same direction and saw only Bead B.
N. Copy the figure of the container and the student's eye into your answer
booklet, without the dotted line.
To your sketch, add a ray of light that starts from Bead B, passes

through the liquid to Point C and reaches the student's eye.
In your sketch, label the angle of incidence [ny»»on mni] (a) and the
angle of refraction [nawn mm] (B) in the path of the ray of light from
the liquid into the air.
(4 points)

3. Calculate the index of refraction [17awn o7pn] of the liquid.
(4 points)

3. Does the student see Bead B at its true depth or higher or lower than its
true depth?
Draw an additional sketch of the container and the path of the rays to
explain your answer. (4% points)

/Continued on page 11/
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8. The figure below shows a periodic wave propagating along the length of a

taut string. The wave is produced at End A and propagates over a tenth of
a second toward End B, which is attached to the wall. Each square in the

diagram represents an area of 1.5 cm x 2 cm.

A
String at rest
1.5 cm(

2 cm

N. Refer to the figure and find the following:
(1) the amplitude of the wave
(2) the frequency of the wave
(3) the wavelength
(4) the speed of the wave
(4 points)

3. Two points are labeled on the string in the figure: Point C and Point D.
Determine the direction of the movement of each of these points at the
moment described in the figure (upward / downward / to the right / to
the left). (2 points).

»>.  What is the condition for the creation of a standing wave? (2 points)

7. What would the period [1tnnin o] of the wave need to be for a standing
wave with two antinodes [120 m™p)] to be produced on the string?

(4% points)

!
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