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State of Israel
Ministry of Education

Type of Examination: Highschool matriculation

Exam date: Summer 2019
Exam Code: 036386

Appendix:

C.

Physics data and formulas for 5 units

Physics — Research Laboratory

Instructions

Duration of the exam: two and a half hours.

Questionnaire structure and evaluation key:
This questionnaire consists of fifteen questions.
You should answer all questions 1-13,

and one of the questions 14-15.

Total: 100 points.

Allowed materials: calculator and ruler.

Special instructions:

1. Write all your answers in specified areas in
the questionnaire.

2.  Write using a pen only. Pencil may be used
for drawing/sketching only.

Page 15 may be used for examiner notes, pages
16-17 may be used for drafts.

You may write only in the exam booklet. Write all your drafts

(outlines, calculations etc.) on pages 16-17.

Writing drafts on any other piece of paper other than the exam

booklet may disqualify your exam!

This questionnaire consists of 17 pages and formula pages.

Good Luck!

Continue to next page p
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Part A: Studying Springs Connected In Parallel (90 points)

Please answer all questions 1-13.

Section 1 — Finding the force constant of a spring in a static method
by connecting springs in parallel

Here we will calculate the force constant of one spring, by measuring the increase in length of n
identical springs connected in parallel.

Theoretical background

Hooke's Law:

When you extend or compress a spring in its elastic limit, the force on the spring scales linearly to
the distance it was compressed or extended.

The size of the force is: F=k-AL
When:
AL —  the distance of extending (or compressing) the spring (in relation to its loose state)

in meters (m);

k —  The force constant of the spring. When force is measured in Newton units (N) and the
extension of the spring is measured in meters (m), the force constant is measured in N/m
units.

List of Equipment

1. The experiment kit contains:

- Two vertical panels, 55 cm tall

—  One bottom panel, 30 cm long Parts of the frame
—  One upper panel, 30 cm long — connected to a metal plate with holes

— A ring - mass 0.5 gram, with 4 weights on it - each weight's mass is about 16 grams
(total weight of the ring and weights is 64.0 grams).

— A metal plate with holes, mass 18.0 grams (bottom plate)
—  Six identical springs (one of them for backup if needed)
— A measuring ruler made of cardboard and a metal clip to attach the ruler to the frame

2. A stopwatch, provided to you by the school.

Continue to page 3 p
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Constructing the Experiment System

— Build the frame, as shown in Figure A. For it to be stable, make sure that the horizontal panels
(the narrower ones) are inserted to the vertical panels all the way into the slots.

—  Take the cardboard ruler and fold its edge according to the mark, as shown in Figure B.

—  Place the ruler on the upper panel, so that the numbers appear in front of you, attach it to the

upper panel with the metal clip. Connect a spring to the middle hole on the metal plate, as
shown in Figure C.

|

Figure C Figure B Figure A

Conducting the Experiment

Question 1 (3 points)

With the ruler, measure the length of the spring in its loose state. Write its value
LO =

Notice: You should measure the active length of the spring, without the loops on both its ends.

Continue to page 4 p
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Question 2 (15 points)

(3 pts.) a. Connect the ring with the 4 weights to the bottom hole of the attached metal plate
and hang them on the spring, as shown in Figure D. Measure the length of the

spring, Ly, and write it and its extension, AL, in Table 1.

(2 pts.) b. Write the physical units of the length of the spring and its extension in the
parentheses (brackets) at the head of each column in Table 1.

(10 pts.) c¢. Change the number of springs attached to the bottom metal plate, as shown in
Figures E — H: two springs (Figure E), three springs (Figure F), four springs
(Figure G), five springs (Figure H). Each time, measure the length of one of the
springs, Ly, and write it and its extension, AL, in Table 1.

Figure F Figure E Figure D

\\ \\
Figure H Figure G

Continue to page 5 p
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Notice:

1. You should measure the active length of the spring when it is loose in the point of equilibrium,
and when the bottom metal plate is horizontal.

2. Watch that the starting measuring point of the spring length is not at the O-line on the ruler.

3. If you see a difference between the extension of the system on the right and the extension on the
left — make sure to perform all measurements on the same spring.

Table 1
No. of Number of Length of Extension
Measurement Springs Spring of Spring
n | AL=L_-L,[ |

| B W

Question 3 (6 points)

Draw the diagram of forces that are acting on the system with the four weights and the ring
(of which the total mass in kg is m) and the bottom plate (of which the mass in kg is M),

when n springs are connected in parallel and the system is at rest.

. . m+M .
Prove that the connection between AL and n is: AL = %%, when k is the force constant of

one spring.

Force Diagram Proof

Question 4 (2 points)

Add, in the head of the empty column in Table 1, the variable that has a linear connection with AL,
according to your answer to question 3. Write its values in this column.

Continue to page 6 p



6 I” "ll“l Ill Physics — Research Laboratory (P90N) PN DTV — NP
Summer 2019, Code 036386 036386 20D ,0"YVN VP

Question 5 (10 points)

(5 pts.) a. On the millimeteric paper (on the next page), draw a scattering diagram which will
describe the linear connection between the dependent variable and the independent
variable from question 4, according to the results you wrote in Table 1.

(5 pts.) b. Draw a trend line in the scattering diagram (the straight line that is most suitable to
the diagram).

Question 6 (8 points)

(4 pts.) a. Calculate the slope of the trend line, and write its physical units.

(4 pts.) b. Using the slope of the trend line, find the force constant k of one spring (by the
connection you have proved in question 3), and write its physical units. Present your
calculations.

Question 7 (3 points)

We will define the force constant of several springs connected in parallel as the force constant of
one equivalent spring, kr; when we hang the same mass on the equivalent spring — its extension is
the same as the extension of the springs connected in parallel.

Circle the correct answer for each of the following:
1 pt.) a. Based on the results of your measurements, the spring force constant ky, equivalent
to two springs (the force constant of each is k) connected in parallel is:

1. %k 2. k 3, 2k 4. Ak

1 pt.) b. Based on the results of your measurements, the spring force constant kt, equivalent
to three springs (the force constant of each is k) connected in parallel is:

1. 9k 2. k 3. k 4. 3k

1

3

1 pt.) ¢.  According to your answers in a. and b., the spring force constant ky, equivalent to n
identical springs (the force constant of each is k) connected in parallel is:

n 1
1. > k 2. k 3. —k 4, nk

Continue to page 7 p
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You have an additional millimeteric paper on page 14, if needed. Continue to page 8 }




8 I” Il"l" Ill Physics — Research Laboratory (P90N) PN DTV — NP
Summer 2019, Code 036386 036386 20D ,0"YVN VP

Section 2 — Finding the force constant of a spring in a dynamic
method by connecting springs in parallel

Here we will calculate the force constant of one spring, out of measuring the time period T of a
body which performs a simple harmonic motion while it is hanged on identical springs connected in
parallel.

Theoretical background

A body which is connected to a spring is performing a simple one-dimensional, harmonic movement,
along a certain axis. The equivalent of the external forces acting on it along this axis is a restoring
force (the equivalent force aimed towards the point of equilibrium of the body at rest):

F = kX
That is, the size of the force F is linear to displacement x of the body from its point of equilibrium.

We can show that the time period T of the body making the simple harmonic movement is given by:

T=2r,/ b

When m is body mass and k is the force constant of the spring.

When the body is connected to n identical springs connected in parallel, the time period T will be:
m

T=m/a %

Conducting the Experiment

Question 8 (3 points)

Remove the ruler and four springs from the upper panel, leave only one spring connected to the

middle hole in the upper metal plate. Attach the ring with the 4 weights to the attached metal plate

and hang them on the spring, as shown in Figure D.

Measure the time period as follows:

—  Let the system out of balance slightly, by lifting it up by 1 cm, and hold it steady before
releasing it into motion.

— Release the system from a state of rest to vertical movement. Allow the system to move a few
times, make sure the movements occur along a vertical line in an orderly manner, only then start
the stopwatch when the system is at the end of its course. Count twenty movements and stop the
stopwatch.

Notice: Make sure that the swinging system does not hit the frame or the desk.

Write the result you have received and the time period of the movements in the first line in Table 2, in
Question 9.

Continue to page 9 p
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Question 9 (12 points)

Measure the time period as described in question 8 for two springs that are hanged in parallel, as
shown in Figure E. Increase the number of springs attached in parallel (3, 4 and 5) as shown in
Figures F, G and H, accordingly. Each time, measure the time of twenty movements and calculate the
time period.

Write the results of your measurements in Table 2.

Table 2
Time of Time
Number of Twenty Period
No. of . 1
Springs Movements =
Measurement T n
n 20T [ ]
[ ] [ 1
1
2
3
4
5

Question 10 (6 points)

(2 pts.) a. Based on the theoretical background, determine (circle) which of the following
variables has a linear connection with the variable .

LT 2. T2 3. JT 4. +

Explain your decision.

(2 pts.) b. Based on your decision in a., write the variable you have selected and its physical
units in the head of the empty column in Table 2. Write the value of the variable
and the corresponding value of % in every line.

(2 pts.) c¢.  Write which is the dependent variable and which is the independent variable.

Question 11 (10 points)

(5 pts.) a. On the millimeteric paper (on the next page), draw a scattering diagram which will
describe the linear connection between the dependent variable and the independent
variable from question 10, according to the results you wrote in Table 2.

(S pts.) b. Draw a trend line in the scattering diagram (the straight line that is most suitable to
the diagram).

Continue to page 10 p
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You have an additional millimeteric paper on page 14, if needed. Continue to page 11 }
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Question 12 (8 points)
(4 pts.) a. Calculate the slope of the trend line, and write its physical units.

Using the slope of the trend line, find the force constant k of one spring (by the

4 pts.) b.
connection written in the theoretical background), and write its physical units. Present

your calculations.

Question 13 (4 points)
(3 pts.) a. Calculate the deviation (in percentage) between the force constant received in Section 1
of the experiment, we will call it k;, and the force constant received in Section 2 of

the experiment, we will call it k,, according to the expression:
The difference between the two force constans 100 = |k1_k2| 100 =
The average of the two force contants h (kl +k, ) -

2

1 pt.) b.  Write your opinion on the deviation result you have received.

Continue to page 12 p
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Part B: Questions from the Compulsory Experiments (10 points)

Answer one of the questions 14-15 (10 points for each).

Question 14 (10 points)

A Collision in Two Dimensions

(3 pts.) a. How does dropping the balls from height h enables us to refer to the horizontal
falling-distances of the balls as their speed vectors?

(3 pts.) b. Does the Law of Momentum Conservation exists in the three axes while the balls are
falling?
In your answer, refer to each axis separately and explain your decisions.

(2 pts.) c¢. What angle is received, after an inelastic collision between two identical balls,
between the speed vector of the colliding ball and the speed vector of the stationary
ball?

(2 pts.) d. Can you perform Part B of the experiment when the steel ball is at the bottom of the
rail, while the marble with the smallest mass is the one which is released off course
and collides head on into it? Explain your answer.

Continue to page 13 p
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Question 15 (10 points)
EMF and Terminal Voltage

In this experiment we assemble an electric circuit, with which we can calculate the

3 pts.) a.
EMF of the battery and its internal resistance. Draw the electric circuit including the
battery, a potentiometer and ideal testers (a voltmeter and an ampermeter).

(2 pts.) b. Write an expression to the current in the circuit as a function of the battery EMF and
the resistances in the circuit.

(3 pts.) c¢. Draw the diagram describing the connection between the terminal voltage and the
current in the circuit. Explain how we can find the following values in the diagram:
battery EMF, short-circuit current and internal resistance of the battery.

(2 pts.) d. Why does the terminal voltage decrease when the current in the circuit increases?

Explain your answer.

Continue to page 14 p
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Continue to page 15 p
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Examiner Notes

Continue to page 16 p




16 Illl“"ll Ill Physics — Research Laboratory (P90N) PN DTV — NP
Summer 2019, Code 036386 036386 20D ,0"YVN VP

Drafts

Continue to page 17 p
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Drafts

Good luck !

All copyrights are reserved to the State of Israel.
No part of this examination may be reproduced, or published, without the prior
permission of the Ministry of Education.
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