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State of Israel
Ministry of Education

1

Type of Examination:

Highschool matriculation

Exam date: Summer 2016

Exam Code: 917555,98

Appendices: — Millimeter paper booklet for marking the edges of the
diffusion stain

— Physics data and formulas for 5 units

Physics — Research Questionnaire

For students of 5 units of study

Instructions

Duration of the exam: two hours
b. Questionnaire structure and evaluation key:

This questionnaire consists of ten questions. You need to answer
all questions 1-8 and one of questions 9-10.

Total: 100 points.
c. Allowed materials: calculator and ruler.

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

e. Pages 12-13 may be used as draft paper.

This questionnaire consists of 13 pages, an appendix booklet and
formulas.

Good Luck!

Continue to next page p
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Physics — Research Questionnaire AYUN NP (TPONIN) PN PONY — NPIDa
Summer 2016, Code 917555,98 917555,98 YN0

Part A: Exploring the diffusion rate of a color stain within water

2

Please answer all questions 1-8.

Theoretical background

Diffusion is the process by which molecules of matter become dispersed. The molecules move from areas of higher
concentration to areas of lower concentration until a state of equilibrium is reached. When two different materials at different
concentrations are present alongside each other in the same system, a process of diffusion, which is largely dependent on

the temperature of the system, takes place. The phenomenon of diffusion occurs mainly in liquids and gasses. If one of the
materials is colored, a stain will form.

The following expression describes the spreading of the diffusion stain, which begins from a single point, as a function of
time:

4
(1) QZ:ED-t

Where is the distance which the spreading material passes, t is the time it takes the material to pass the distance , and D is
the diffusion coefficient between the two materials.

The time derivative of expression (1) is expression (2), which describes the velocity of the stain spreading:

D
@ v=y Ty

Object of the experiment

This experiment explores the diffusion of colored material in water. To do so, a piece of candy coated with colored material
was used, and this material underwent diffusion. When the candy was placed in water, a stain spread around it. In ideal
conditions the stain should have spread uniformly in all directions and its shape should have approximately been a circle, the
diameter of which is “the diameter of the spreading stain”.

During the first minute after inserting the piece of candy into the water, a process of dissolution, which we will not touch on
in this questionnaire, took place. Therefore expression (1) holds only after 60 seconds (t > 60).

Equipment

— a plastic measuring cup

— a stopwatch

— 4 sheets of millimeter paper with a sketch drawn on each

— a clear plate with a diameter of 13.5 cm, its center marked with a green dot
— a pack of candy

— 10 paper wipes

— 12 stickers

— a plastic box, into which the leftover water was poured

— a 500 ml bottle of mineral water at room temperature

Continue to page 3 p




Setting up the experiment apparatus

Physics — Research Questionnaire N'YVUD NP L(TPDIN) PN PORY — Npdva
Summer 2016, Code 917555,98 917555,98 Y00

3

Make sure you do not move the table when setting up the experiment and taking the measurements.

Question 1 (5 pts.)

The diameter of the piece of candy which was measured was 2r = 13 mm.

What is the absolute error in this measurement?

Set up the experiment apparatus as described in Figure A and according to instructions I-III which follow.

| plate

diameter of the candy

Figure A: the experiment apparatus

Instructions

I. The clear plate was placed on the millimeter paper so that the dot marking the center of the plate coincided with center of
the “+” marked on the millimeter paper.

II. The plate was filled with about 50 milliliters of water using the measuring cup.
Before the experiment was conducted an observation was made.

III. A piece of candy was placed at the center of the plate, and the stain spreading through the water was observed for
3 minutes.

Continue to page 4 p
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Summer 2016, Code 917555,98 917555,98 YN0

4
Question 2 (2 pts.)

A stain that spread to one direction more than to others was observed, the therefore the millimeter paper was rotated so that
the direction to which the stain spread was aligned with the central line marked on the millimeter paper.

What do you think caused the stain to not spread uniformly in all directions?

The experiment

I. The stopwatch was reset.

II. The clear plate was placed on the millimeter paper.

III. The plate was filled with about 50 milliliters of water.

IV. A piece of candy was placed at the center of the plate and the stopwatch was started simultaneously.

V. Every 20 seconds, from the moment the stopwatch was started until 220 seconds later, both edges of the spreading
diffusion stain were marked on the millimeter paper.

Continue to page 5 p
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sticker
millimeter paper for marking the edges of the
diffusion stain
T
el N
sticker ,/ \‘
/ N\
7 X
another line : a sho'rt line
marking the marking the
edge of the \ ‘ / edge of the
diameter \ 7 diameter
N 7/
\\ //
S L time
N L~ I
i
\!ﬂ X“_!L‘4O - You are not required
to draw the dashed
lines; mark only
the location of the
lines which are at a
distance of x from
each other.
sticker sticker

Figure B: an example for marking the edges of the diffusion stain

Question 3 (10 pts.)

The appendix booklet contains 12 photographs of the stain spreading through the water, at 20-second intervals. The time when
the stain was photographed is noted next to each photograph (e.g. t = 20 sec). On each photograph, mark both edges of the
diameter of the diffusion stain spreading through the water.

Do so in the following manner: in the photograph where the stopwatch shows, for example, 20 seconds (“t = 20 sec”), mark
two long lines on the millimeter paper where the edges of the diffusion stain diameter are at that moment, as shown in Figure
B. The distance between these two lines will be called x.

Continue to page 6 p
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6

Question 4 (10 pts.)
Measure the distance, X, which you marked for each point in time. The relation between X and from expression (1) which

was described in the theoretical background is given in the expression { = ST Record the measurement results and the

values of at the different points in time in the table, and specify the units of measurement in the table headings.

Note: the last column in the table is to be filled later on.

Measurement t( ) X( ) 0=<§—r>( )
number

—_
o

20

O ([0 | |\ | [~ W |

S

p—
—

—
[\

Question 5 (13 pts.)

(4 pts.) a. Calculate the average velocity of the stain spreading during the first minute.

In the following sections you must calculate the average velocity of the stain spreading during the following three minutes.

(3 pts.) b. Calculate the average velocity of the stain spreading during the second minute.

Continue to page 7 p
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(3 pts.) c¢. Calculate the average velocity of the stain spreading during the third minute.

(3 pts.) d. Calculate the average velocity of the stain spreading during the fourth minute.

Question 6 (11 pts.)

Figure C is a graph which qualitatively describes the radius of the diffusion stain as a function of time, starting from the end
of the first minute (t > 60 sec).

'

X |
2

Figure C

(5 pts.) a. Describe (with words) the spreading of the stain based on the graph. You may use the following concepts:
distance, velocity and time.

(6 pts.) b. Are the measurement results you collected in accordance with the graph? Explain your answer.

Continue to page § p
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Question 7 (25 pts.)
The diffusion process takes place mostly at t > 60 sec.

According to expression (1) in the theoretical background, the relationship between X and time, t, is not represented by a
graph with a straight line.

(3 pts.) a. Explain this claim.

(3 pts.) b. Define a new variable whose relationship with time, t, is represented by a graph with a straight line. Explain
your choice.

(7 pts.) c¢. Write the values of the new variable you defined in the empty column in the table on page 6. Give the column
a heading, and specify the units of measurement in the heading.

(12 pts.) d. Draw a graph® which describes the relationship between the variable you have defined and time, t, for t > 60 sec.

* Note: On page 11 you will find additional millimeter paper that you may use if necessary. You may also use an electronic worksheet according to the
examiner instructions.

If you use electronic worksheets, print it, stick your examinee sticker to the printout and add it to the questionnaire.

Continue to page 9 p
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Question 8 (14 pts.)

(6 pts.) a. Calculate the slope of the graph you drew. If you used an electronic worksheet, specify the slope of the graph
and the units of the slope.

(8 pts.) b. What is the diffusion coefficient, D, and what are its units?

Note: Stick your examinee sticker to the designated places on the appendix booklet and electronic worksheet printout,
and add them to the questionnaire.

Part B: Questions about the compulsory experiments

Answer one of questions 9-10 (10 points per question).

Question 9 (10 pts.)

This question relates to the experiment “An object and its image in a concentrating lens”.

(4 pts.) a. At the beginning of the experiment you were asked to estimate the focal distance of the lens using direct
measurement. Describe the way this measurement is carried out.

A student carried out the measurement you described in your answer to section (a), and found that the focal distance of the
lens is approximately 10 cm.

He then carried put the rest of the experiment “An object and its image in a concentrating lens”. He first had to determine
values for the independent variable in the experiment.

(3 pts.) b. What is the dependent variable and what is the independent variable in this experiment?

(3 pts.) c¢. Determine eight values for the independent variable, so that the student can perform the experiment in the best
way possible. Specify your considerations.

Continue to page 10 p
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Question 10 (10 pts.)

This question relates to the experiment “Newton’s Second Law”, and specifically to the part dealing with relationship between
the mass of the system and its acceleration.

(4 pts.) a. Describe how the acceleration of the system is measured in this experiment.

(3 pts.) b. What are the dependent variable, the independent variable and the constant in this experiment?

(3 pts.) c¢. How did you change the values of the independent variable during the experiment?

Continue to page 11 p
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Draft paper

Continue to page 13 p
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Draft paper
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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Appendix Booklet

For the Physics Research questionnaire
Exam Code: 917555,98
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This booklet consists of 13 pages
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Millimeter paper for marking the edges of the diffusion stain

t = Osec
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t=tla0sec
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t = 200sec
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