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State of Israel
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Highschool matriculation
Exam date: Summer 2015
Exam Code: 917554
Appendix booklet: 
	 Appendix A - for Question 3
	 Appendix B - millimeter paper
	 Appendix C - administrator com-

ments
	 Physics data and formulas  

for 5 units

Physics – Research 
Laboratory

For students of 5 units of study

Instructions
a.	 Duration of the exam: two hours

b.	 Structure of the exam and 
evaluation key: This questionnaire 
consists of eight questions. You need 
to answer all questions 1–6 and one 
of questions 7-8.

	 Total: 100 points.

c.	 Allowed materials: calculator, 
protractor and ruler.

d.	 Special instructions: pencil may be 
used for drawing/sketching only.

Note to test administrator: write your 
comments in Appendix C in the appendix 
booklet.

This questionnaire consists of 8 pages,  an 
appendix booklet and formulas. 

Good Luck!

 Continue to next page  המשך מעבר לדף
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Part A: Exploring the minimum deflection angle of light transfer in 
a prism (90 points)

Theoretical background

The experiment described on page 4 explores the minimum deflection angle in 
transfer of a light ray through a prism suspended in the air.

Figure 1 shows a prism with an angle BAC = θ. The light enters the prism via side 
AB and leaves it via side AC. The refraction coefficient of the prism material is n.

θ

(α

δA

B C

Figure 1

The angle labled δ in Figure 1 is called the deflection angle. The deflection angle is 
the angle created between the direction of the ray entering the prism and the direction 
of the ray exiting it. 

If the angle of the entering ray, angle a, is changed – the deflection angle, δ, changes 
as well.  

The minimum deflection angle, δm, is obtained when the ray crossing the prism is 

perpendicular to the bisector of θ.

The relationship between angle θ and the minimum deflection angle, δm , is described 
by the following formula:
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List of equipment
1.	 Two prisms with rotation pivots, made of the same transparent material.
	 The angles of the prisms:
	 Prism 1: 30° , 40° , 110°
	 Prism 2: 50° , 60° , 70°
2.	 A polar plane used as a base for the prisms and as a protractor, with a screw 

functioning as a pivot at its center
3.	 A laser emitting a narrow light beam
4.	 A movable arc screen marked with auxiliary lines 
5.	 A protractor 
6.	 A lump of plasticine

A photograph of the experimental system

מסך קשתי 
הנקודה שבה

פגעה קרן הלייזר

גושתושבתלייזר
פלסטלינה

מנסרה

משטח
פולארי

Arc Screen
The point hit by 

the laser ray Prism

Polar 
Plane

Lump  of 
Plasticine

Base Laser
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The Experiment

(20p.)	 1.	 (2p)	 a.	 Position the arc screen so that central line marked on it 
coincides with the zero line marked on the polar plane. 
Place the laser in the base, and direct the laser ray using the 
plasticine lump so it is parallel to the zero line and so the 
outgoing ray hits the screen at approximately half its height. 
Start the measurements using Prism 1 (30°, 40°, 110°). 
Use Figure A in Question 1 to determine which vertices 
of Prism 1 are 30° and 40°.  
Use Figure B in Question 1 to determine which vertices 
of Prism 2 are 50° and 60°.				  

Start your measurements for θ = 30°. Place the 30° vertex 
of Prism 1 on the pivot so that the screw is inside the hole 
at the base of the prism. Make sure that the exposed part 
of the hole is turned towards the laser (use the following 
figures). 

קרן אור
קרן אור

40° 30°

החלק הגלוי
של החור

The exposed part 
of the hole

Ray of light
Ray of light

Figure A for Question 1 – Prism 1

50° 60°

Figure B for Question 1 – Prism 2
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(3p)	 b.	 Activate the laser by pressing the switch and check that 
a spot of light appears on the arc screen (sometimes an 
elongated stain of light appears instead. In such case, the 
point where the light is most intense is considered to be 
the measurement point). Rotate the prism continuously, 
verifying that the light enters it via the smaller side of 
the angle. As you rotate the prism you will notice the 
spot of light moving on the screen. Continue rotating the 
prism until the point where the spot of light changes its 
direction. This is the minimum deflection point (where 
the deflection angle is minimal). 

(3p)	 c.	 To measure the minimum deflection angle, move the arc 
screen so that the spot of light unites with one of the 
auxiliary lines. Determine the location of the spot of light 
as precisely as possible. Write the deflection angle, δm, in 
your notebook.

		  Note that any spots of light coming from other sides of 
the prism need to be ignored.

(3p)	 d.	 Repeat the measurement of δm (sections a to c) for the 
other sharp angle of the prism, θ = 40°.

(9p)	 e.	 Replace Prism 2 with Prism 1, and repeat the measurement 
of δm for all angles of the prism (50°, 60°, 70°).  
The table below shows additional δm values which were 
measured in a separate experiment with a prism made of 
the same material. 
Copy the table to your notebook. Fill in the results you 
received for Prism 1 and for Prism 2 in the appropriate 
places.

(°) θ 0 10 20 30 40 50 60 70

(°) δm 0 5.5 10
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Findings of the experiment

(12p)	 2.	 On the millimeter paper in appendix B, draw a scatter graph describing 
the dependence of δm on angle θ of the prism (use the table).

(10p)	 3.	 Figures A1, A2 and A3 in Appendix A describe an isosceles prism 
(AB = AC), with a main angle of θ = 45°.

		  A ray of light enters the prism. It enters at point P and exits through 
the opposite side.

		  The refraction index of the prism is n=1.5.

		  Write your answer to Question 3 in Appendix A in the appendix 
booklet.

 (2p) 	 a.	 On Figure A1, mark the deflection angle δ created 
between the ray entering the prism and the ray exiting 
it. Measure the angle with a protractor. Write down the 
result in the appendix.

(2p)	 b.	 In Figure A2, the angle of incidence on entering the  
prism is α  = 60°. This angle is larger than the one in 
Figure A1. Add the deflection angle δ to Figure A2 and 
measure it. Write down the result in the appendix.

(2p)	 c.	 In Figure A3, the angle of incidence on entering the  
prism is α  = 10°. This angle is smaller than the one in 
Figure A1. Add the deflection angle δ to Figure A3 and 
measure it. Write down the result in the appendix.

(4p)	 d.	 Use Figures A1, A2 and A3 (on which you marked the 
deflection angles δ) to describe the movement of the ray 
exiting the prism as angle α is changed continuously from 
60° to 10° by rotating the prism counterclockwise.  

(25p)	 4.	 (5p)	 a.	 It is known that for small β angels, measured in radians, 
sin β ≈ β holds. Use the theoretical background to 
show that for small θ angles, measured in radians, the 
relationship δm = (n - 1) θ holds.

(10p.)	 b.	 The approximate relationship which you developed in 
section a holds in this experiment for θ values smaller 
than 42°, with a relative accuracy of up to 10%.

		  Add the trend line for the approximate relationship onto 
the scatter graph you drew in Question 2.

(10p.)	 c.	 Use the trend line to calculate the refraction index n of 
the prisms used in the experiment.
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Questions about the experiment

(11p)	 5.	 (5p)	 a.	 What is the physical phenomena which can be used to 
explain why δm cannot be measured when θ = 110°? 
Explain your answer (use the drawing in which the light 
beam passing through the prism is perpendicular to the 
bisector of angle θ).

(6p)	 b.	 Estimate the maximal θ for which δm can be measured 
with the prisms used in the experiment. Explain the basis 
for your evaluation.

(12p)	 6. 	 In another experiment, with a prism made of a different material, a 
deflection angle δm smaller than that measured in the first experiment 
(whose results were described above) was measured for θ = 50°. The 
same measuring system was used in both experiments.

(5p)	 a.	 Is the refraction index of the material of the prism used 
in the second experiment larger, smaller or equal to the 
one used in the first experiment? Explain your answer.

(7p)	 b.	 Is the relative error in measuring δm in the second 
experiment larger, smaller or equal to the relative error in 
the first experiment? Explain your answer.

Attach examinee stickers to the appropriate places on the cover of the index 
booklet and add it to your test booklet.



Good Luck!

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

permisssion of the Ministry of Education.
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Questions about the obligatory experiments

Answer one of questions 7–8 (each question – 10 points)

(10p)	 7. 	 This question relates to the experiment “Tangent galvanometer”.

(2p)	 a.	 What is the objective of the experiment? 

(3p)	 b.	 Present the list of equipment for this experiment.

(2p)	 c.	 In this experiment there is significance to the direction in 
which the system is set. What is this direction? Explain 
how the direction makes it possible to find the magnitude 
of the magnetic field.

(3p)	 d.	 Several students were debating about which compass is 
best for conducting the experiment: a compass with a 
long needle or with a short needle. Give one possible 
argument in favor of each option.

(10p)	 8.	 This question relates to the experiment “Two dimensional collision”.

(2p)	 a.	 Why it is important to mark the exact point where the 
incident ball leaves the track on the white sheet of paper 
spread on the floor?

(2p)	 b.	 Describe how to determine the exact points where the 
two incident balls leave the track.

(3p)	 c.	 What is represented by the horizontal distances which the 
balls passed following the collision in each stage of the 
experiment? 

(3p)	 d.	 In one of the stages of the experiment you used masses 
which were not identical. Explain how it is possible to 
prove the existence of the momentum conservation law at 
this stage of the experiment.  
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Appendix C

Examiner Obesrvations
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