State of Israel

Ministry of Education

Type of exam: Bagrut

Exam date: Summer 2017

Exam number: 36381

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

Physics
Reform for Meaningful Learning
Program
Mechanics and Electricity
Instructions for examinees

~. Duration of the exam: Three and a half hours
1. Exam structure and breakdown of points:

Part One — Mechanics — (20x2) — 40 points
Part Two — Electricity — (20x2) — 40 points
Part Three — Additional Subjects in Mechanics and Electricity

— (20x1) —_20 points
Total — 100 points

3. 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, insert the appropriate values into
the formulas.

Write your final answer in the appropriate measurement
units. If you do not write out the formula or do not write
out the formula with the inserted 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 g
for free-falling 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.

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
"noro" 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

ote: Answer only five questions.

Part One — Mechanics

Answer two questions from Part One (Questions 1-3).
(Each question — 20 points; the point value of each item is given.)

1.

A player came up to take a penalty kick at a soccer game. To mislead the
goalkeeper, the player looked at one corner of the goal, but kicked the ball
to the center of the goal. This technique is called a Panenka after a Czech
player by that name. When kicked this way, the ball follows a parabolic
trajectory on a plane that is perpendicular to the field, so that the projection
of the trajectory on the field is perpendicular to the goal line (see Figure 1).
Let us denote by:

d  — the ball's distance from the goal line before kicking the ball

Vo — the magnitude of the ball's initial velocity

a  — the angle between the direction of the initial velocity and the
plane of the field

Air resistance is negligible.

]
Goal line
Figure 1

N. Determine which one of the four graphs 1-4 below correctly represents

the vertical component of the ball's velocity as it moves through the air,

as a function of time. Justify your answer. (4 points)
Vyﬁ Vy' Vy' Vy
t t
t t
4 3 2 1

/Continued on page 3/
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3. Figure 2 shows the trajectory of a ball that made it into the goal.
Points P and Q are marked on the trajectory. Given: Point Q is higher
than Point P.

\
\
\
O
,
,
|

Figure 2
(1) Is the magnitude of the horizontal component of the ball's
velocity at Point P less than, more than, or equal to the
magnitude of the horizontal component of its velocity at Point Q?
Explain your answer.
(2) Is the magnitude of the ball's acceleration at Point P less than,
more than, or equal to the magnitude of its acceleration at Point Q?

Explain your answer.
(6 points)

A player took a Panenka penalty kick at a distance of d = 11m from the
goal line.

He gave the ball a velocity of v, = 11.5% with an angle of a =55°
above the horizontal.

Given: The goal's height is h = 2.44m.

».  Prove that the kicked ball definitely entered the goal. Assume that the
ball's movement was not disturbed (for example, by the goalkeeper).
Treat the ball as a point object. (6 points)

7. Another player kicked the ball from the same distance at the same
angle, but gave the ball an initial velocity greater than v, . Did the ball
from this kick definitely enter the goal? Explain your answer.

There is no need to perform calculations. (4 points)

/Continued on page 4/
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2. Students are investigating friction using a system composed of a box of
mass M placed on a horizontal surface, a pulley, and a basket that can hold
sand. The box is attached to the basket with a rope that passes over the

pulley (see Figure 1).

Figure 1
Friction with the air, rope mass, and pulley mass are negligible.
The system is at rest at the beginning of the experiment. The students add
sand into the basket gradually and continuously, and at a certain moment the
system starts moving.
Figure 2 shows a graph of the magnitude of the friction, f, exerted by the
horizontal surface on the box, M, as a function of the weight of the basket
with sand, W.

£(N)

0 T T T T T
0 1 2 3 4 5 6

34

W(N)
8

Figure 2
/Continued on page 5/
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N.  Without basing your answer on Figure 2, explain why the curve of the

graph must pass through the origin of the axes. (2 points)

Given: M =0.8 kg
a. Calculate the friction coefficients (static and kinetic) between the
box, M, and the surface. (6 points)
3. Calculate the magnitude of the system's acceleration when W = 6N.
(8 points)
7.  When the system shifted from a state of rest to a state of motion, did the
tension in the rope increase, decrease or remain unchanged?
Explain your answer. There is no need to perform calculations.
(4 points)

/Continued on page 6/
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3.

Two boxes, A and B, whose masses are m , = 300gr and my =100gr are at
rest on a smooth horizontal surface. There is a compressed spring between

the boxes. A rod is attached to the top of each box, and a rope connecting the
two rods prevents the boxes from moving (see Figure 1).

Given: The spring constant k = 480%; the length of the spring when
compressed between the boxes is 10cm.

The mass of the spring is negligible.

PN ~

-
| A o] B |

Figure 1

At a certain moment the rope broke. This released the spring, and as it was
released it pushed the boxes in opposite directions. After being pushed, the
boxes, A and B, moved over the horizontal surface at the constant velocities
u, and ug, and the spring fell vertically to the ground.

The length of the relaxed (loose) spring is 20 cm.

Items x and 2 relate to the two-box and spring system during the period of

time from the moment the rope broke up to the moment that the boxes

disconnected from the spring.
N. Determine whether during this period of time the system's momentum

was conserved. Justify your answer. (3 points)

3. Determine whether the system's total mechanical energy was conserved

during this period of time. Justify your answer. (3 points)
».  Calculate the magnitude of the velocities u, and ug. (6 points)
At some point as it moved, Box A reached an inclined plane. The box
ascended as far as Point C, whose height was h_ = 0.1m above the horizontal
surface (see Figure 1), and then descended.

7. Prove that the inclined plane is not smooth. (5 points)

/Continued on page 7/
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As Box A moved over the horizontal surface after the spring fell, a small

pendulum was hung on the rod attached to this box. The pendulum was

hung on the box in a way that did not affect the box's movement.

n. Look at Illustrations I-III in Figure 2, below. Determine which
illustration correctly describes the pendulum's state as Box A moved

over the horizontal surface. Explain your answer. (3 points)

| [ [

I II I

Figure 2

/Continued on page 8/
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Part Two — Electricity

Answer two questions from Part Two (Questions 4-6).
(Each question — 20 points; the point value of each item is given.)

4.

Lightning is an awe-inspiring natural phenomenon. It is a sudden electric
discharge that often occurs between a cloud and the ground.

Sometimes, as the cloud moves, friction between ice particles causes electric
separation of charges.

In most cases, the positive ions accumulate at the top of the cloud and the
negative ions at its base. At the same time, charge separation also occurs on

the ground beneath the cloud (see figure). This question relates to this type

Lightning

of cloud.

Ground + 4+ 4+

N. Explain why the ground under the cloud becomes positively charged.
(3 points)
Let us treat the area between the ground and the cloud's base as an area with
a uniform electric field.
3. Describe the electrostatic field lines and the equipotential lines in the
area between the cloud and the ground.
[llustrate your answer with a schematic drawing of these lines.
(4 points)

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

/Continued on page 9/
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The following table shows the values of the electric potential at several
elevations (note the units).

y =0 at ground level.

y(m) 0 100 200 300 400 500
V(kV) 0 —-20.6 -39 —60.8 =794 —101

».  In your answer booklet, draw a graph of the electrical potential as a

function of elevation. (5 points)
The relation between the intensity of a uniform electric field and the
potential difference between two points within it is defined as:

AV

E=="Ax

7. Use the graph to find the intensity of the electric field. (4 points)

Given: The distance between the base of the described cloud and the ground
is d = 500m.
n.  Will a proton that leaves the cloud's base at a velocity of 2 - 10° % make
it to the ground? Explain.
Ignore the changes in gravitational potential energy in your calculation.

(4 points)

/Continued on page 10/
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S.

The electrical circuit in the figure below contains the following components:
a voltage source with an emf of ¢ and internal resistance r;

two bulbs, N, and N, ; two switches, S, and S,; a fixed resistor R, =2008;
a variable resistor R; an ideal voltmeter and ideal wires.

The bulb N, has the values 40W, 100V written on it.

In the first step Switch S, is closed and Switch S, is open, as shown in the
figure. In this state, the voltmeter reads V = 220V and the bulb N lights up
according to the values written on it.
N. Calculate the intensity of the current through the fixed resistor R;.
(3 points)
3.  What must the resistance of the variable resistor R be to allow
Bulb N; to light up according to the values written on it? (4 points)
».  Given: Electrical efficiency in this circuit is 88%.
Calculate the emf and the internal resistance of the voltage source.
(5 points)
In the second step Switch S, was also closed (now both switches are
closed). Neither of the bulbs burned out.
7. Determine if, after closing Switch S, , the light intensity in Bulb N,
increased, decreased, or remained unchanged.
Explain your answer. (5 points)
n. Did the voltmeter reading change after closing Switch S, ?
If not, explain why.

If it did, determine in which direction (toward A or B) the slider P on
the variable resistor R must be moved so that the voltmeter reading will

go back to V =220V. Explain your answer. (3 points)
/Continued on page 11/
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6. Point A is located in a uniform magnetic field whose intensity is
B=6.8-10"*T; its direction is marked in the figure below. In a process
called pair production, two particles, 1 and 2, are created at time t, from a
particle located at Point A. (Pair production is briefly explained at the end of
this question; however, you do not need to understand it to solve this
question.) Immediately after being created, the two particles move in the
same direction (see Vo1 and V0.2 in the figure below).

Given: The mass of each particle is m =9.11-107>'kg

Assume there is a vacuum in the space where the particles are moving.

Figure 1

From the time t, =0 until t,=1.3- 10785 each of the particles moves along a
quarter circle. At time t;, Particle 1 reaches Point P, and Particle 2 reaches
Point P, (see figure).
N. Explain why the particles' trajectories up to time t; are circular.

(3 points)
The radius of each of the two circular trajectories is R = Scm.
3. Calculate the magnitude of each particle's velocity. (4 points)

3. Calculate the magnitude of each particle's electrical charge. (4 points)

/Continued on page 12/
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When it reaches Point P,, Particle 2 passes between Plates L, and L, , which
generate a uniform electric field.

The plates are parallel to each other and perpendicular to the plane of the
page. The particle continues moving between the plates in a straight line

(see Figure 2). Particle 1 continues moving in a circular trajectory.

Py B Py Ll

Py Py

Figure 2

7. (1) What is the intensity of the uniform electric field between the
plates?

(2) What is the direction of the uniform electric field between the

plates: from Plate L, to Plate L, or from Plate L, to Plate L,?

Explain.
(6 points)

el

What shape will the trajectory of Particle 2 be if the magnetic field
disappears (while the particle is still between the plates)?

Explain your answer. (3 points)

Note:  Pair production is a physical process in which a particle is
annihilated and two particles are instantly created in its place. For
example a photon is annihilated and an electron and a positron are
created in its place. Positrons are similar to electrons but they have

a positive charge, so they are also known as anti-electrons.

/Continued on page 13/
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Part 3 — Additional Subjects in Mechanics and Electricity

Answer one question in this part (Questions 7-9).

(Each question — 20 points; the point value of each item is given.)

Harmonic Motion

7.

A cart is at rest at Point O on a horizontal surface. A relaxed horizontal

spring is tied to the cart at one end, and its other end is tied to a fixed point.

Given: The cart's mass is 1.2kg; the spring constant is 30%. The spring's

mass is negligible.

The cart is drawn from Point O to Point A, extending the spring by 10 cm,

and then released from rest. Friction forces in the system are negligible.

N.

Determine whether the nature of the cart's motion as it travels from A
to O is of uniform velocity, uniformly accelerated, or non-uniformly

accelerated? Explain your answer. (3 points)

Calculate how much time passed from the moment the cart was

released at Point A until it first passed through Point O. (4 points)

After the cart arrives at Point O it continues moving until it stops for a

moment at Point B, and then starts moving back toward Point O.

De

Determine the cart's direction of velocity and its direction of
acceleration (toward B or toward O) as it moved from Point B toward

Point O. Justify each of your answers. (5 points)

Find the magnitude of the cart's velocity and the magnitude of the cart's
acceleration at the moment it passed through Point O. (5 points)
Is it possible that at some point the cart's velocity was zero, but its

acceleration was not zero? Explain your answer. (3 points)

/Continued on page 14/
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Gravity

8.

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

This question relates to the system of the earth and the moon, but ignores
their motion and the effects of other celestial bodies on this system. The
figure below shows the earth and the moon in cross-section.

The figure is not drawn to scale.

Earth

Moon
R A 0
T o
d
M,

M,

Let us denote by:
M, — the earth's mass M2 — the moon's mass R — the earth's radius
d — the distance between the center of the earth and the center of the moon
g — the magnitude of free-fall acceleration on Earth
Given: M, = %; d = 60R
Point O is located on the line that connects the center of the earth and the
center of the moon (see figure).
At this point, an object that is placed at rest will remain at rest.
N. Express the distance of Point O from the center of the earth
in terms of R. (6 points)
A spacecraft with mass m is launched from Point A on Earth (see figure) to
the moon.
3. Express, in terms of R, m, and g, the minimal energy, E, that must be
applied to the spacecraft to bring it to Point O.
Note: Take into account the effects of the earth and the moon on the

spacecraft. (10 points)

/Continued on page 15/
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On December 21, 1968, the spacecraft Apollo 8 was launched into space,
and its crew was the first to orbit the moon.

103 years earlier, Jules Verne described a journey similar to that of the
Apollo 8 in his book From the Earth to the Moon.

In response to the question "Is it possible to send a projectile to the moon?"
Jules Verne's book proposes the following answer (loosely translated):

"It is possible to send a projectile to the moon if it is given an initial velocity
of approximately v=11 kTm .

This velocity is sufficient for the projectile to reach the point where the
forces exerted on it by the earth and the moon are equal in magnitude.
Beyond this point, the earth will no longer pull on the projectile, and only
the moon will pull it, so if the projectile passes this point on its way to the
moon, it will indeed reach the moon."

».  Determine whether this entire description is correct.

Justify your answer. There is no need to perform calculations.

(4 points)

/Continued on page 16/
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Capacitance
9. A student built an electrical circuit that can charge and discharge
a parallel-plate capacitor. The components of this circuit are:
an ideal voltage source with an emf ¢ =8V two resistors R, and R,; two
switches, S, and S, a capacitor whose plates are labeled A and B; an ideal
ammeter, and ideal wires.
This circuit is shown in Figure 1, below.
Given: The resistance of the resistor R, is 100082 and it is greater than the

resistance of the resistor R,.

Figure 1
At time t = 0 the student closed Switch S, (Switch S, remained open) and
the capacitor began charging.
N. Calculate the intensity, I, of the current that flowed through the

ammeter at the moment at which the switch was closed. (3 points)

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

/Continued on page 17/
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Figure 2, below, shows a graph of current intensity, i, as a function of time,

t, [i(t)], while the capacitor was charging.

i(t) (mA)

\

0 —— t(s)

0 5 10 15 20

Figure 2

3. Use the graph to find the time constant T, for the charging circuit
(the time constantis T=R * C). (4 points)

».  Find the charge Q (magnitude and sign) on each of the capacitor plates,
A and B, when it is fully charged. (6 points)

After a long while, when the capacitor had been fully charged, the student

opened Switch S, and closed Switch S, .

7. Determine whether t,, the time constant for discharging, is greater
than, smaller than, or equal to 7, the time constant for charging.
Explain your answer. (3 points)

The student drew a graph which described the current intensity, i, as a

function of time, t, while the capacitor was being discharged.

n. Determine whether the area enclosed by the curve and the horizontal
axis in the graph that the student drew is greater than, smaller than

or equal to the area enclosed by the curve and the horizontal axis in

Figure 2. Explain your answer. (4 points)
Good Luck! 1IanYyna
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