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ACTIVITY 11 P1  THE RESULTANT OF THREE NON-LINEAR 
FORCE VECTORS 

 
LEARNERS’ INSTRUCTIONS 
 
REQUIREMENTS 

 
Apparatus: Vertical force board, two pulleys, a large sheet of white paper (A4), two pieces of thin strong 

string, various mass pieces (mass pieces should provide combined mass of 200g), three small 
hangers, prestik or cello tape, ruler, protractor, sharp pencil 

 
INSTRUCTIONS 

 
TO DETERMINE THE RESULTANT OF THE TWO NON-PARALLEL FORCES ACTING AT A 
POINT ON AN OBJECT 
 
Read the instructions carefully to make sure you set up the apparatus correctly.  You may use the diagram below 
as a guide. 
 
 
 
 
 
 
 
 
 
  
  
 
 
 
 
 
1. Attach two pulleys, A and B, to a vertical wooden force board.  Stick a large sheet of white paper with 

prestik or cello tape to the board between the pulleys. 
2. Pass a length of string over the pulleys and attach small hangers to each end.  Tie a second piece of string to 

the first one between the pulleys and attach a third hanger to it, as shown in the diagram. 
3. Add suitable mass pieces to the two hangers over the pulleys (e.g. 40g and 30g).  Attach mass pieces to the 

third hanger so that the knot comes to rest in front of the paper.  Adjust the mass pieces until he two outer 
mass pieces together have a greater mass than the middle mass piece and the middle mass piece balance the 
outer mass pieces.  Record the masses. 

4. The system should be in a balanced position where there is no motion.  There are three forces (F1, F2 and 
F3) acting on point C. 

 
Pull the knot slightly to one side and release it.  If the pulleys are fairly frictionless the knot should 
return to its original position C. 

 
  

F 

E D 
C 

B A 
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5. Mark point C on the paper (the point of application of the forces) as well as points D, E and F.  Make sure 
not to move the position of the string.  Remove the paper and join points CD, CE and CF. These lines 
represent the three forces acting at point C.  Label the forces.  Let CD represent F1, CE represent F2 and CF 
represent F3.  Draw in the arrowheads.   
 
Beware of the error of parallax! 
Remember the arrowheads! 

 
QUESTIONS 
 
1. What do the weights of the three sets of mass pieces, m1, m2 and m3, on the hangers represent? 

 
2. Record the magnitude of F1, F2 and F3 in newton in the table below.   

Use g = 9,8 m.s-2. 
 

Force Mass (kg) Force (N) 
F1   
F2   
F3   

 
3. Choose a suitable scale and draw a head-to-tail vector diagram of forces F1 and F2.   

 
4. Use a ruler and protractor to measure the magnitude and direction of the resultant R of the two force 

vectors.  Convert the length of the resultant R in mm to newton.  Write down your answer. 
 

5. What does this experiment verify? 
 

6. On a separate piece of paper, draw a head-to-tail vector diagram to scale of the three forces F1, F2 and F3. 
 

7. What conclusion can you draw from the head-to-tail diagram regarding the relationship between three 
forces at equilibrium? 
 

8. Formulate the triangle law for three forces at equilibrium. 
 

9. What is the relationship between the magnitude and direction of the resultant of F1 and F2, and force F3?  
As a result, what does force F3 represent? 
 

10. In the triangle of forces at equilibrium, what will happen when the direction of one of the forces is 
reversed? 
 

11. Does the equilibrant of forces F1 and F2 have exactly the same magnitude as the resultant of the two 
forces?  If not, suggest possible sources of error, either in the construction of the apparatus, the process or 
in your measurements. 
 

12. If time permits, you can verify or improve your results by using a different set of mass pieces and repeat 
the experiment. 
 

13. You can calculate the resultant R of F1 and F2 by resolving the F1 and F2 into their components. 
 

14. Can two vectors of different magnitudes be combined to give a zero resultant?  Can three vectors? 
 

15. Can a vector have zero magnitude if one of its components is not zero? 
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ACTIVITY 11 P2  INVESTIGATING THE RELATIONSHIP BETWEEN 
FORCE AND ACCELERATION 

(VERIFICATION OF NEWTON’S SECOND LAW OF MOTION) 
 
LEARNERS’ INSTRUCTIONS 
 
 
REQUIREMENTS 
Apparatus: One dynamic trolley, three large rubber bands, runway, white ticker-tape, ticker-timer with 

power supply unit, string, a meter stick, ruler, graph paper, masking tape, pencil, a carbon-paper 
disc, calculator, bricks. 

 
 
Ensure that the runway is clean and smooth and that the wheels of the trolley are clean and running freely.  
Long runways should be handled by two or more learners. 
 
 

PROCEDURE 
 

TO INVESTIGATE THE RELATIONSHIP BETWEEN ACCELERATION AND FORCE IF MASS 
REMAINS CONSTANT 
1. Set up the runway on a smooth, level table.  To compensate for friction (as a result of the wheels of the 

trolley), elevate one end of the runway until the trolley runs at a constant velocity.  Alternatively place the 
trolley on an open surface at least 5-6m long (such as the floor).  Mark its starting point on the surface with a 
piece of masking tape. 

2. Connect the ticker apparatus at the higher end of the runway.   
3. Attach one end of a rubber band to the trolley.  Hook the other end of the rubber band over the end of a 

meter stick.  One learner holds the trolley while a second learner pulls on the rubber band with the meter 
stick.  The second learner keeps the rubber band stretched to a fixed amount.  A suitable length is about 
25cm in front of the trolley.  

4. The first learner let go of the trolley, allowing it to accelerate on the runway. 
5. A third learner should catch the trolley as it nears the end of the runway. 

 
Be sure to practice a few times without using the ticker-timer to master the motion. 
 

6. Fit a carbon-paper disc with the dark side underneath, under the ticker and onto the pin of the ticker timer.  
Take a 1,2m strip of ticker tape, thread the one end through the ticker timer under the carbon disc and 
attach the other end to the back of the trolley positioned at the top end of the trolley track next to the ticker 
timer.   

7. Make a tape.  The fourth learner should watch the timer.  When the ticker tape runs through the timer, the 
timer will make a record of the motion by little dots on the paper.   

8. This tape is for one rubber band.  Detach the tape and mark the tape clearly at the one end “one band”.  
Ensure that the beginning of the tape is also clearly marked. 

9. Repeat steps 2-7 with two rubber bands in parallel, stretched by the same amount as with one rubber band.  
Label the second paper tape “two bands”.  Do the same for three rubber bands.  Each time, the trolley 
should be replaced at its starting point.  Keep the distance the trolley runs constant. 

10. Replace the trolley at its starting point.  Load the trolley with one brick.  Hold the trolley, attach one rubber 
band and repeat steps 2-7.  Repeat with two and three bricks, using only one rubber band (keeping the force 
constant). 
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11. After all the tapes have been made, each leaner takes a tape to analyze.  The dots will give evidence of the 
motion of the trolley.  
 

 
QUESTIONS 
This experiment is a verification of Newton’s Second Law of Motion.  In order to investigate the relationship 
between force and acceleration, we have to analyze the tapes made by the ticker apparatus to find the trolley’s 
acceleration.  However, you will not be able to measure acceleration directly.  You first have to determine the 
average velocity.  The following steps will assist you in finding the acceleration of the trolley. 
 
1. Take the first tape and label the ticks as A, B, C, etc.  Measure the length of each interval and indicate it 

on the tape. 
2. Determine the time interval between the consecutive ticks. 
3. Calculate the average velocity between points A and B, points B and C, etc. 
4. Calculate the average acceleration between points A and C, points B and D, etc. 
5. Do the same calculations for the tapes with two rubber bands, three rubber bands, one brick, two bricks 

and three bricks 
6. Copy the following table and record your data. 

 
Trolley Type Acceleration (m.s-2) 
Trolley with one rubber band  
Trolley with two rubber bands  
Trolley with three rubber bands  
Trolley with one brick (one rubber band)  
Trolley with two brick (one rubber band)  
Trolley with three brick (one rubber band)  

 
7. Plot a graph of force (number of rubber bands) against acceleration (m.s-2).  Simply use the number of 

rubber bands as a way of indicating the force. 
8. What does the shape of the graph show regarding the relationship between force and acceleration?   
9. What does the gradient of the graph represent?  Explain. 
10. State Newton’s Second Law in your own words.  Do your results agree with this law?  Why or why not? 
11. What happens to the acceleration if the net force applied on a mass is doubled?  
12. Plot a graph of mass (number of bricks) against acceleration (m.s-2). 
13. What does this graph show about the relationship between the acceleration and mass of a trolley if the 

force is kept constant? 
14. High precision of measurement is not possible.  What is the nature of uncertainty and error here?  Can a 

small number of measurements of modest precision yield valid conclusions?  What are some possible 
sources of error? 

15. Is the velocity constant when there is no force?  Why?   
16. What kind of motion is produced by a constant force? 
17. Is the rubber band the only force on the trolley?  Explain. 
18. Newton’s second law relates the acceleration of an object to the force that produces it.  Why can we not 

use the gravitational force on a falling mass to propel a pair of masses tied together by a string to verify 
Newton’s second law?   

19. What happens to the acceleration if the mass of the object is doubled and the force is kept constant? 
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ACTIVITY 11 P3  THE VALUE OF g 
 
LEARNERS’ INSTRUCTIONS 
 
 
Introduction 
Objects that move vertically, near the surface of the Earth, either because 
they have been thrown vertically up or vertically down, move with the same, 
constant acceleration. These are the free-falling objects. During a free-fall, 
the acceleration points always downwards and it is due to the gravity of the 
Earth. This is the acceleration due to gravity with a magnitude of 9,8 m/s2. 
We give it the special symbol g.  So, free-falling objects undergo a uniform 
accelerated motion with an acceleration of 9,8 m/s2, but, provided that we 
can ignore air resistance.  
 

 
 
 
 
The diagram alongside shows a small rock dropped from 
rest. We assume that the rock is free falling because we 
can ignore air resistance. This means that its speed 
increases by 9,8 m/s each passing second.  
 
 
 
 
 
 
 

Aim: 
In this Activity you will use a ticker timer and ticker tape to measure the acceleration due to gravity of a free-
falling object. The object will be a mass-piece of about 50 g, attached at the end of the ticker tape.  
 
The ticker timer provides a simple way to take measurements of distance (through the spacing between the dots) 
and time (through the period of the ticker timer), which are necessary to study the motion of an object. Once we 
have measurements of distance and time we can find other parameters of the motion, like, as in our case, 
acceleration.  
 
We can do this by either a) using our data and appropriate kinematics equations to calculate other parameters of 
the motion, or b) we can use our measurements to produce the position-time and velocity-time graphs of the 
motion. The gradient of the velocity-time graph is the acceleration of the object, as you have learned in grade 10. 
 
You need:  
Ticker timer, ticker tape and carbon disc 
12 V power supply or 8 1,5 V cells (D) and suitable cell-holder 
Two crocodile clip wires, of appropriate length for connections 
A 50 g mass-piece  
Sticky tape 
Measuring tape or metre-ruler 
Calculator  
Graph paper for Method B 
Optional: Retort stand and clamps to clamp the ticker timer on a table 
 
 
  

We cannot say, for example, 
that a flat piece of paper falls 
freely! Its large surface area 
meets large air resistance. The 
air cushions its fall by pushing 
the paper upwards. But if we 
crumple this piece of paper into 
a tight ball, we can assume that 
it falls freely.  
 

t = 0,          v = 0 
t = 1 s,        v = 9,8 m/s 

t = 2 s,        v = 19,6 m/s 

t = 3 s,        v = 29,4 m/s 

t = 4 s,        v = 39,2 m/s 

g = 9,8 m/s2 
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What to do: 
1. Your teacher will clamp the ticker timer 

to a high place, be it on top of a door-
frame or on a retort stand on top of a 
table (as in the diagram). The idea is that 
the ticker timer is at least 1,5 m from the 
floor and that the object falls vertically 
down on the floor undisturbed.  
 

2. Connect the power supply to the ticker 
timer. 
 

3. Cut a long enough piece of ticker tape. 
The length of the tape must be the 
distance between ticker timer and floor. 

 
4. Attach the 50 g mass piece at one end of 

the tape with enough sticky tape. Thread 
the other end of the ticker tape through 
the ticker timer, under the carbon disc.  

 
5. Choose a frequency setting for the ticker 

timer. Record its value.  
 

6. Switch on the ticker timer and let the 
object fall down freely.  

 
7. Ignore the first few dots on the tape, but 

make sure that you have at least six 
remaining dots in a row. If not, you may 
need to adjust the height or the frequency of the ticker timer. 

 
 

 
 
 
 
 
 
 
 
 

 
 

8. From the frequency of your ticker timer find its period (T = 1/f). This will be the time interval, ∆t, between 
two successive dots on your ticker tape. 
 

9. Use a ruler or measuring tape to measure the position, x, of each dot, relative to the dot that you have 
chosen as your starting point. Record these measurements in a table like below. Also record the time, t, 
when the object is at each position. The first three rows in the table are completed as an example. You will 
have different values. 

 
  

power input (a.c.) 

 
 
 
 
. 
. 
 
. 
 
. 
 
. 
. 
. 

Ticker timer 

Ticker tape 

50 g mass-piece 

Retort stand 
clamped at the 
edge of table 

Carbon disc  
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TABLE 1 
Measurement data 

x 
(mm) 

t 
(s) 

0 0 
20 0,04 
54 0,08 
etc. etc. 

  
  
  
  
  
  
  
  

 
In what follows, you may use one of two methods to find the acceleration of the object.  
 
 

METHOD A  
 
Introduction 
In this method, you will use your measurements of position and time above, to calculate the acceleration of the 
object.  

We calculate acceleration using the equation:   α = 
v
t

∆
∆

= f iv v
t

−
∆

 

 
The magnitudes of two velocities appear in this equation, vf and vi. These velocities are ‘instantaneous’ 
velocities, i.e. the velocities of the object at the start and at the end of the time interval ∆t. 
 
Hence, we need two instantaneous velocities to determine the acceleration of an object during a time interval. 
However, when we have gathered a set of data through measurements (which are measurements of distance and 
time), it is easier to determine average velocities first and then instantaneous velocities. This might sound strange 
considering that average velocities of an object are not real velocities, whereas instantaneous velocities are. Yet, 
we rely on average velocities to determine instantaneous.  
 
What to do 
1. Prepare a table as shown below. When you complete the table, all values must be added in the white cells of 

the table (the dark cells stay empty). 
 

2. Add your measurements of position and time in columns 1 and 2 of the table below.   
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Measurement 
data  

Calculated data:  
Finding average velocities, instantaneous velocities and hence acceleration 

 
1 2 3 4 5 6 7 8 
x 
 

(mm) 

t 
 

(s) 

∆x = xf − xi 
 

(mm) 

∆t = tf − ti 
 

(s) 

vav = ∆x/∆t 
 

(mm/s) 

mid of ∆t 
tmid = ½ (ti + tf) 

(s) 

v at tmid 
 

(mm/s) 

a = g = ∆v/∆t  
 

 (m/s2) 
0 0       
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        
        

Average  g =  
 
3. Complete columns 3 and 4. In column 3, ∆x is the magnitude of the displacement of the object between two 

successive dots. This is the same as the distance between two successive dots.  
In column 4, ∆t is the time interval between two successive dots. In other words, this is the period of the 
ticker timer.  

 
4. Complete column 5, by calculating the average speed, vav, of the object during each time interval.  

 
5. Complete column 6, by calculating the mid-point of each time interval, tmid = ½ (ti + tf).  

For example the mid-point between the 4th and the 6th second is 5 s:  
 tmid = ½ (ti + tf) = ½ (4 s + 6 s) = 5 s. 
Note that the values of ti and tf are values taken from column 2. 
 

 
6. How does the average velocity of an object during a certain time interval compare to the value of its 

instantaneous velocity at the mid-point of the same time interval? (Assume uniformly accelerated motion.) 
 

7. Complete column 7 by adding the instantaneous speeds that correspond to the times in column 6.  
 

8. Complete column 8 by calculating the acceleration for various time intervals using data from columns 6 and 
7. Be careful, the time intervals ∆t this time refer to times from column 7. 

 
9.  Finally, using the values of acceleration from column 8, calculate an average value. 

 
10. How does this value compare to the accepted value of 9,8 m/s2 for the acceleration of gravity? Give reasons 

for any difference.   
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METHOD B  
 
In this method, you are going to use your measurements of position and time from Table 1, to produce the 
position-time and velocity-time graphs of the motion. The gradient of the velocity-time graph is the acceleration 
of the object. 
The figure in the next page shows a summary of the graphs of motion and how we can use them to find various 
parameters. 
 
What to do 

1. Use your data from Table 1 to plot the graph of position versus time on a piece of graph paper. When 
plotting a position-time graph, you first need to decide on two things:  
a) The direction which will be the positive direction. 
b) A reference level, from which we measure displacements or positions.  

 
Once you have the position-time graph, you can use it to plot the velocity-time graph on a separate piece of 
graph paper. To do this, you need at least the values of three instantaneous velocities and their corresponding 
times. 

 
Velocity is the gradient of the position-time graph. But because your position-time graph is a curve (a parabola), 
which means it does not have a constant gradient, you have to do a trick: 
 

2. On your position-time graph, draw a secant. This is a straight line that cuts the curve of the graph in two 
points. See the example next page. The gradient of the secant is the average velocity of the object, 
during the time interval that corresponds to the two times where the secant ‘cuts’ the curve.   

3. Find the instantaneous velocity of the object at the mid-point of this time interval. 
 

4. Repeat steps 2 and 3 with a different secant, to get another pair of values for velocity and time. Repeat 
steps 2 and 3 as many times as you think necessary to produce a velocity-time graph. 
 

5. Plot the velocity-time graph on a different piece of graph paper. 
 

6. Find the gradient of the velocity-time graph.  
 

7. How does this value compare with the accepted value of 9,8 m/s2 for the acceleration of gravity? 
Comment on any difference and on possible sources of error. 
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SUMMARY on the graphs of motion 
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ACTIVITY 11 P4   REFRACTION CAUSES DISTORTION OF IMAGES 
 
LEARNERS’ INSTRUCTIONS 
 
 
PART A Background 
 
The model of Geometric Optics 
In “Geometric Optics” we model light by drawing straight lines that we call light rays. We represent a beam of 
light by drawing a few straight lines (rays) parallel to each other. One straight line (ray) would represent a very 
thin beam of light. Light rays are not real because we draw them. Here and in the next two activities, we are 
going to use this model to explore some of the behaviours of light. 
 
What is refraction? 
When light travels through a given medium, say air, it travels in a 
straight line. But when it passes into a second transparent medium, say 
water, its path bends.  
 
 This phenomenon of the bending of light when light enters a 

different medium is called refraction.  
 
Refraction takes place only at the boundary. Once the light has crossed the boundary between the two media, it 
continues to travel in a straight line, but now its direction is different from that in the previous medium. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Note that when a light beam passes from a transparent medium to another, as shown in the diagrams above, part 
of it is reflected at the boundary and the rest is transmitted through. In what follows, we shall ignore the reflected 
ray and we shall concentrate on the refracted ray only. 

 
Diagrams (a) and (b) above, show a light ray being refracted as it passes from air into water and from water into 
air respectively. In both cases, the angle θ1 the incident ray makes with the normal is the angle of incidence. The 
angle θ2, the refracted ray makes with the normal, is the angle of refraction. In diagram (a) the refracted ray 
bends towards the normal. In diagram (b) the refracted ray bends away from the normal.  
 
The incident and refracted rays lie in the same plane, which also includes the normal to the boundary. 
 
  

A transparent material like 
water or glass or perspex, is 
a material that allows the 
transmission of light 
through it.  
 

θ1 

θ2 

boundary 
air (n1) 

water (n2) 
 

Incident 
ray 

Refracted 
ray 

Reflected 
ray 

Normal  

θ2 

θ1 

boundary 
air (n2) 

water (n1) 
 

Refracted 
ray 

Incident 
ray Reflected 

ray 

Normal  
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If light from an object changes media on its way to our eyes, we are most 
likely to see a distorted image of the object due to refraction. In the figure 
below, the girl standing upright in the water appears to the observer (the boy) 
to have shortened legs. A light ray leaving her foot bends at the surface away 
from the normal. The observer’s brain thinks that the received ray has 
travelled in a straight path and so locates her foot higher up. In addition the 
water seems to be less deep than it actually is.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
PART B Looking at objects in water 
 
You need:  
A round transparent container, like a water glass or jar 
A container with a rectangular or square cross-section, like the Perspex trough in the “Light kit” 
A pen or pencil or a straight stick  
Enough water to half-fill your containers 
 
What to do: 
10. Place a pencil or similar in one of you containers, half-filled with water, as 

shown alongside. If you look at the pencil from the top, it looks crooked.  
 
11. The diagram below is a schematic representation of the photo alongside. 

The dashed line from point B’ to your eyes is the path that your brain thinks 
light has travelled. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 

normal 

θ1 

θ2 

Refracted ray 

We see an object only if 
light from the object 
enters our eyes. 
Our brain thinks that this 
light has travelled along a 
straight path. 
 

 

Actual location of 
pencil 

Apparent location of 
pencil  
(what you see) 

Observer 

B 

B’ 

Boundary  

Air   

Water  
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 2.1  Which part of the dashed line is a real path of light?  
 2.2 On the diagram, show the actual path of light from point B to your eyes, by drawing a light ray (use a 

solid line and appropriate arrows to show the direction that light travels). 
 2.3 For this ray, show and label the angles of incidence and refraction. 
 2.4 In this example, does light refract toward or away from the normal?  
 2.5 Use your completed diagram and the concept of refraction, to explain why we see a distorted image of 

the pencil. 
 
12. Stand a pen or similar upright in the middle of a round container half-filled with water. This time look at the 

pen straight ahead from the side of the container. Next, move the pen to your left and to your right inside 
the container, as shown in the photos (a) to (c) below. In each case, describe how the pen looks like.   

 
 
 
 
 
 
 
 
 
 
 
 

             (a) Pen in the middle                (b) Pen to the left                  (c) Pen to the right 
 
 
13. The diagrams below represent schematically the scenarios shown in the three photos above. They are drawn 

as cross-sections of what we see when looking from the side of the container. The dashed lines represent 
apparent paths of light from the edges of the pen, as assumed by our brain (since this is the thickness and 
location of the pen that we see).  
13.1 Complete the three diagrams below by drawing rays that show the actual path of light in each case.  
13.2 For each ray that you have drawn, show the normal, and the angles of incidence and refraction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
  

   

Actual cross-section 
(thickness) of pen 

Apparent cross-section 
(thickness) of pen 
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14. The photos below show a pen inside a rectangular container half- filled with water, seen from the side. If 
you have the equipment, do it for yourselves. 
5.1 Describe what you see this time. Does the shape of the pen look distorted in any of the positions shown 

in the photos?  
5.2 With the help of a ray diagram, explain why the pen in the middle of the container (as shown in first 

photo below) looks normal, in contrast to your observation in step 3. What causes this difference?  
 
 
 
 
 
 
 
 
 
 
 
                                                    Pen in a rectangular container 
 

 
 
To think about 
15. The man alongside wants to spear the fish while standing on the shore. 

The diagram shows the actual location of the fish. Indicate the 
approximate location where the man observes the fish to be. Must he 
aim above or below where the fish appears to be in order to strike the 
fish? 
 
 

16. You look into the fish in the fish-tank, as shown alongside. The 
diagram shows the apparent location of the fish and one light ray 
that emerges from the tank and enters your eye. Indicate the approximate 
location of the actual fish.  
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ACTIVITY 11 P5   SNELL’S LAW 
 
LEARNERS’ INSTRUCTIONS 
 
PART A Background 
 
Index of refraction 
According to the wave theory of light, refraction is due to the change in speed of light when it crosses the 
boundary to a different medium. If light enters a medium where it travels slower, it bends towards the normal. In 
vacuum light travels at a speed c = 3 x 108 m/s. But once in a transparent medium light travels slower. How 
much slower depends upon the optical properties of the medium. Any transparent medium is characterised by the 
index of refraction, n, which is the ratio of the speed of light in vacuum, c, to the speed of light in the medium, 
v:  

cn
v

=   index of refraction  

The more optically dense a medium is, the higher its index of 
refraction and the slower light travels in it.  
A mathematical expression that relates the angles of incidence θ1 and 
refraction θ2 and the speed of light in two media is known as Snell’s 
law or the law of refraction:  
 

n1 sin θ1 =  n2 sin θ2  Snell’s law             
 
where n1 and n2 are the indices of refraction in the two media.  
 
 
To think about 
1. In each of the diagrams below, draw a refracted ray to show if it bends towards or away from the normal.  

 
 
 
 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
   

 

Light travels slower in 
medium 1 

Light travels faster 
in medium 1 

Light travels at the 
same speed in 
medium 1 and 2 

 

1.1 TABLE  
1.2 Material 1.3 Index  

Refract  
Vacuum 1,00 
Air 1,00 
Ice 1,31 
Water 1,33 
Ethyl Alcohol 1,36 
Plexiglas 1,51 
Crown Glass 1,52 
Sodium chloride 1,53 
Zircon 1,92 
Diamond 2,42 
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PART B Finding index of refraction 
 
We can see clearly through a window pane, even a thick one, like the 
thick glass panes that we find in banks protecting the cashiers! The 
images of the objects on the other side of the pane are not distorted. 
However all is not always where it seems to be …. see for example the 
photo alongside. It shows a pen standing behind the Perspex rectangular 
block of your “Light kit”, viewed at an angle.  
 
You need: 
From the “Light kit”:   

Raybox fitted with the single slit gate, rectangular Perspex block, 
power supply for the raybox. 

Other items:    
Sheet of white paper, A4 size, protractor, pen or pencil, ruler, calculator. 

 
What to do: 
2. Draw two long vertical lines on the sheet of white paper, like a cross in the middle of the paper.  

 
3. Place the long side of the Perspex block along one of these lines, as shown in the diagram below, and draw 

its outline on the paper. The Perspex block must rest on the paper with its rough side down. 
  
 
 
 
 
 
  
 
 
 
4. Place the raybox on the white paper and switch it on. Direct its beam (the ‘light  ray’) along the line of the 

cross that is perpendicular to the Perspex block, as shown in photo (a) below left. 
4.1 What is the angle of incidence in this case? 
4.2 Does the light refract as it passes through the Perspex block (second medium) at this angle? 
 
 
 
 
 
 
 
 
 
 
 
 
 
                           Photo (a)                                                                        Photo (b) 
 
 

5. Direct the beam of the raybox at point N at an incident angle of between 30o to 50o. N is the point of the 
first boundary where the beam enters the block. This is shown in the schematic diagram and also in photo 
(b) above right. 
 
It helps if you first draw an angle (or more) of incidence on the paper using a protractor – see dashed line in 
diagram, and then direct the beam of the raybox along this line.   

 

Sheet of white 
paper 

Outline of Perspex 
block 

N 

 

θ1 
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6. Mark the direction of the incident beam (if you had not drawn a line already) and the direction of the 
emerging beam on the other side of the block. Make sure that you mark the spot on the second boundary 
where the beam exits the block.   

 
7. Switch off the raybox and remove the Perspex block.  

7.1 Complete a ray diagram on the paper to show the path of light through the Perspex block.  
7.2 Draw the normal at the point of exit of the second boundary. 
7.3 Use a protractor to measure all the angles of incidence and refraction at the two boundaries. 
7.4 Compare the angle of incidence at the first boundary with the angle of refraction at the second 

boundary. Is the incident ray parallel to the emergent ray? 
 

8. By applying Snell’s law (n1 sin θ1 =  n2 sin θ2) at each boundary, you can calculate the index of refraction of 
Perspex, given that the index of refraction of air is 1,00.  
 
To do this however, it is better to collect more data. So if you have time, repeat steps 4 and 5 for one or two 
more angles of incidence and complete the table below. The angles shown in the table are only indicative, 
you may choose different values.  
 

 
Boundary 1 

From air (1) to Perspex (2) 
Boundary 2 

From Perspex (1) to air (2) 
Angle of 
incidence, θ1 

Angle of 
refraction, θ2 

nperspex = 
sinθ1/ sinθ2 

Angle of 
incidence, θ1 

Angle of 
refraction, θ2 

nperspex = 
sinθ2/ sinθ1 

30o      
40o      
50o      
      

Average (of six values) nperspex =  
 
 
9. Compare the average value of the index of refraction for Perspex,  nperspex that you found in this activity, 

with the value given in the literature or textbooks, which is 1,46. Account for possible sources of error in 
this experiment. 
 

10. Finally, explain why the images of objects that we see behind flat glass panes are not distorted, but they 
may be shifted to one side.  
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ACTIVITY 11 P6   TOTAL INTERNAL REFLECTION 
 
LEARNERS’ INSTRUCTIONS 
 
PART A Background 
 
Suppose that we shine light from a flashlight submerged in a tank of water, upwards towards the water-air 
boundary. Then suppose that we vary the angle of incidence, starting from small angles and gradually increasing 
them to larger and larger angles of incidence. We expect that the emergent ray will bend away from the normal. 
However, at a particular incident angle, the angle of refraction would become 90o. The angle of incidence 
corresponding to the angle of refraction of 90o is called the critical angle. The critical angle, θc, is shown in the 
diagram below, where a light ray strikes the boundary at point K.  
 
 
 
 
 
  
 
 
 
 
 
Light striking the boundary at any other incident angle larger than the critical angle, will not escape to the other 
side of the boundary. This happens to the ray that meets the boundary at point L. Instead, the light will be 
reflected back into the water, as happens at point L in the diagram. This phenomenon is called total internal 
reflection.  
 
 So total internal reflection occurs only when light strikes a boundary beyond which the medium has a 

lower index of refraction and when the angle of incidence is greater than the critical angle 
 
We can calculate the critical angle for two media in general, using Snell’s law, where θ2 = 90o and θ1 becomes 
the critical angle θC: o

1 C 2sin sin 90n nθ = ⇒  

2
C

1

sin n
n

θ =    

 
 
 
 
 
 
 
 
 
 

Multiple total internal reflection  
  

 

An observer positioned where 
the eye is in the diagram 
would see the image of the 
light source as if the water 
surface was a mirror.  
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PART B Finding the critical angle 
 
You need: 
From the “Light kit”:   

Raybox fitted with the single slit gate, semi-circular Perspex block, power supply for the raybox. 
Other items:    

A4 Sheet of white paper, protractor preferably round (some light kits include a round protractor), pencil, 
ruler, calculator. 

Optional items from the “Light kit”: 
60o triangular prism, 45o isosceles triangle prism, double slit gate, multiple reflection strip (i.e. the long 
Perspex block). 

 
What to do: 
1. Place the semi-circular Perspex block on the protractor, 

rough side down, so that the centre of its straight side 
coincides with the centre of the protractor. The straight 
side of the block must lie along a line of the protractor, 
as shown in the photo.  
 

2. Switch on the raybox (with the single slit gate inserted). 
The beam must enter the block through its curved side, 
and must be directed towards the centre point of the 
straight side (the middle of the cross). This way, the 
beam always enters the curved side of the Perspex block at right angles without refracting, and so, we can 
concentrate on what happens at the straight boundary.  

 
3. Start by directing the beam at a relatively small incident angle, say 25o (always pointing to the centre-point 

of the straight side). Observe the angles and intensity of the emerging/refracted beam and reflected beam.  
3.1 Increase the angle of incidence by 5o or 10o at a time, and repeat until no light exits the Perspex block, 

as shown in the photos below.  
3.2 What happens to the intensity of the refracted and the reflected parts of the beam as you increase the 

angle of incidence? 
 
 

 
 

4. Record the angle of incidence for which the angle of refraction is 90o (case shown in the third photo above).  
4.1 You will notice that it is not easy to measure this angle accurately. Why not, what was the problem? 
4.2 What is the value of the critical angle for Perspex-air that you measured? 
4.3 If you direct a beam of light on the Perspex block at an incident angle of 60o, what will happen at the 

straight boundary? How do we call this phenomenon? 
 

5. The index of refraction for Perspex is 1,46 and that of air is 1,00.  
5.1 Use these values to calculate the critical angle of Perspex-air using Snell’s law.  
5.2 Compare the calculated value with your measured value for the Perspex-air critical angle.  

 
6. Can total internal reflection occur if light enters the Perspex block from its straight side? Explain. 
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More explorations for extra interest 
 
Total internal reflection finds some important applications, notably in fibre optics. In fibre optics, light is 
transmitted along long and narrow glass fibres by total internal reflection. This way, no light is lost through the 
walls of the fibres. For example, in telecommunications a single glass fibre, as thin as a human hair, can transmit 
audio or video signals (information) equivalent to 32 000 voices speaking simultaneously. 
 
 
 
 
 
 
7. We can simulate this fibre optics behaviour, by using the “multiple reflection strip” often found in Light 

kits. This is a long and narrow Perspex block with a slanted edge.  
7.1 Shine a beam of light at the slanted end of the block, as shown in the diagram below. Try different 

angles of incidence to see how the path of light is affected. 
7.2 On the diagram below, draw roughly the path of light through the Perspex block. 
 
 
 
 
 
 
 
 
 
 

8. In the following steps, you may insert the double slit gate in the raybox, to get two parallel beams of 
light.  However, before you continue with the equipment, make some predictions: 
8.1 Predict and draw the path of the light beams sent through the Perspex triangle, in each case shown 

below. This is a 45o isosceles triangle prism. 
 
 
 
 
 
 
 
 
 
 

 (a)                                                                (b)                                              (c) 
 

  

 
Total internal reflection of light 
along a transparent fibre. 

Raybox  
Multiple reflection strip  

Light 
beam  
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8.2 With the help of the following diagram explain, why the observer at the given position sees things 
upside down. 

 
 
 
 
 
 
 
 
 
8.3 Does total internal reflection occur in the prism shown in the diagram above? Explain. 

 
8.4 Test your predictions of step 8.1, using the 45o isosceles triangle prism. Also try to produce total 

internal reflection with the equilateral prism and even with the rectangular block.  
Note: If you use the double slit gate in the raybox, you may need to adjust the position of the bulb 
by sliding it backwards or forwards, until the two beams become parallel. 

 
9. Several optical instruments, such as cameras, 

periscopes and binoculars use prisms instead of 
mirrors to reflect light around corners. Light 
typically enters perpendicularly to one face of 
a prism, undergoes total internal reflection 
once or twice and finally exits the prism in a 
required direction.  
9.1 Why do you think manufacturers prefer the 

use of prisms instead of mirrors to change 
the direction of light? 

 

 

Total internal reflection in binoculars and 
periscopes using prisms 

 

1 
 
 
2 
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ACTIVITY 11 P7  SINGLE SLIT DIFFRACTION 
 
LEARNERS’ INSTRUCTIONS 
 
PART A Background 
 
The diffraction pattern of light 
When light passes through a narrow slit and reaches 
a screen, we see a series of dark and bright bands, as 
shown alongside. This is a light diffraction pattern.  
 
1. According to Geometric Optics what would we 

expect to see on the screen? 
 
The graph alongside shows the intensity in the 
diffraction pattern of light passing through a single 
slit versus sinθ. The angle θ represents the various 
angles at which light rays arrive at the screen.   
 
The central band is very bright and broad. It 
corresponds to the central maximum of the intensity 
graph. The dark bands correspond to minima, the bright bands to maxima. In the graph of intensity we see 
that the central maximum is much higher than the other maxima on either side. It is also twice as wide (2λ 
/D). In the same graph we also see that the minima are located at points where:  
 

sinθ = mλ / D       with  m = 1, 2, 3, …..  condition for minima  
Note that m starts from 1 and not 0. At m = 0 we have the brightest maximum. 
 
 
PART B Seeing diffraction patterns 
 
Prepare two microscope slides beforehand 
Before the activity you should have prepared two microscope slides, one for each experiment. You need to paint 
one of their surfaces black. This should be prepared on the previous day to allow the slides to dry properly. Three 
coats of spray paint, sprayed evenly over the surface of each slide should be enough. Wait for the paint to dry 
well before spraying the next coat. You will know that the paint coat is good enough, if you hold the slide in 
front of the lit lamp filament of your raybox and cannot see any light coming through.   
 
Experiment 1  
 
You need: 
Straight line filament lamp and power supply, 
Red and blue colour filters (other colours optional), 
razor blade (the old type),  
ruler,  
black mat spray paint,  
microscope slide (or any piece of flat thin glass). 
 
 

 

Razor blade 

Microscope slide 
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What to do: 
1. Hold the razor blade (carefully not to cut yourselves) a few centimetres from your 

eyes in front of a window. Close one eye and look at the blade with the other. 
When your eye adjusts and you find the best distance for your eyes, concentrate 
on the sharp contours (outline) of the blade, both the outer and the inner one. You 
should notice at least one dark line running along the inner and outer contour of 
the blade, something like the diagram alongside. These lines that you see are due 
to diffraction of the light around the sharp edges of the razor blade. The dark lines 
correspond to minima or dark bands. 
 

2. Repeat by holding the blade about 2 m away in front of the lit straight line 
filament lamp. It is best if you move the blade a bit to the side, to just hide the lamp filament, so that it is not 
straight into your eyes. You should be able to see a similar pattern.  

 
3. You may also repeat by holding two fingers together (like the index and middle finger of one hand) in front 

of a window, and look through the narrow slit between them.  
 

4. Time to use your microscope slide.  
With the help of the ruler and the razor blade, score a straight 
line along the length of the microscope slide, on the painted 
side. Hold the ruler upside-down when you score the slide, to 
avoid scoring the ruler instead of the slide. You should score 
steadily, along the same line, moving the razor backwards and 
forwards three to four times.  

 
5. Hold the slide upright in front of your eyes and look through the slit towards the lamp filament, as you did 

before with the razor blade. Once again it helps if you move the slide slightly, to just hide the lamp filament 
from your view. Note the bright and dark vertical lines of the diffraction pattern that you see.  
 

6. Repeat step 6 by holding the red and the blue colour filters (one under the other) between the slide and the 
lamp.   

 
 
 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
Once you hold the two colour filters with one hand and the slide with your other hand and looking through 
the slit towards the lamp, concentrate your eye on two bright vertical lines of the diffraction pattern.  
6.1 Look at the two bright lines through the red filter and then look at them through the blue filter. In which 

case are they closer?  
6.2 According to what you saw, which colour, red or blue, gives the most spread out pattern? 
6.3 According to the formula sinθ = mλ / D, which colour, red or blue has the longest wavelength?  
6.4 If your slit was wider, how would this affect the spread of the diffraction pattern?  
6.5 Why in this experiment it is wise to use red and blue rather than other colour filters? 
6.6 You may repeat step 7 using different colour filters in front of the slit to see for yourselves.   

     Score the slide lengthwise  

Slide with slit upright  

     Red filter  

     Blue filter  

Straight lamp 
filament  

RADMASTE LEARNER GUIDE: PRACTICAL ACTIVITIES FOR CAPS GRADE 11 PHYSICS 27



Experiment 2   
 

• Note that this experiment must be done in a dark room or at night. 
• Never point a laser beam into your eyes. 

 
In this experiment, you are going to produce a diffraction pattern of light passing through a single slit on a 
screen, similar to the one in the introduction. To produce such a pattern, your source of light will be an ordinary 
laser pointer, because lasers produce a beam which is collimated, monochromatic and coherent, perfect for our 
experiment. The success of this experiment lies on the thickness of the slit you are going to score on your 
blackened slide. You also need a dark room! 
 
You need: 
Red laser pointer (these are usually red, but you may get hold of another colour like green, it would be good to 
compare) 
razor blade (the old type), ruler,  
black mat spray paint,  
microscope slide (or any piece of flat thin glass) 
Prestik and sticky tape may be useful 

 
What to do: 
1. As in the previous experiment, the slide must be painted the day before.  

 
2. With the help of the ruler and the razor blade score a line on your slide lengthwise, as in the previous 

experiment, but this time, you only score ONCE. In other words, you move the blade along the ruler once. 
This line must be as thin as possible. You may not be able to see the line, but it’s there. If you make a 
mistake, you can score another line a few millimetres further away – this will not be a problem.   

 
3. Secure the bottom part of the slide vertically at the edge of a chair (or table) with a little Prestik. Behind it, a 

few centimetres away, place the laser pointer horizontally, so that when you light it, the dot is aligned with 
the slit. The photo below shows the laser pointer on top of a stool. It points towards the slide which is stuck 
vertically right in front of the laser at the edge of the stool. The white door, seen on the left, is about 30 cm 
away from the slide and served as the screen. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: The slit that you have scored on the slide cannot be perfect. So before you mount the slide, direct 
the beam of the laser pointer up and down the slit towards the screen, to see which part of the slit gives 
you the better pattern. The screen can be a white wall or door or similar. Usually, the thinnest part of the 
slit should give a sharper pattern. Try to find a position where you can see a pattern that shows the 
central maximum and at least another fainter maximum on either side. Once you find the position that 
gives you a pattern that you are happy with, mount the slide so that the laser points at this part of the slit.  

 

Slide mounted vertically at 
the edge of the stool 

Door  

Laser pointer 
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You need to wrap some sticky tape around the switch of the laser to keep it on. 
Move the laser a bit back and forth, and also the chair in front of the screen to find the distances that 
give the clearest pattern.  
 
Below is the photo of the diffraction pattern that was observed on the door using the above arrangement. 
Dark and bright areas were clearly seen, while the spread of the pattern was around 5 cm or so.  
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

4.  
4.1 What is a monochromatic beam of light? 
4.2 Why is it important in this experiment to use a monochromatic beam of light? 
 

5. The spread of the pattern on the screen in this activity, even if you cannot distinguish clearly between dark 
and bright bands, is around 5 cm. If you were to use a broader slit, how would this spread be affected?   
 

6. If you were to use a green laser pointer, what change in the pattern would you expect to notice? 
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ACTIVITY 11 P8   OHM’S LAW 
 

Relationship between the current in a resistor  
and the voltage across the resistor 

 
 

LEARNERS’ INSTRUCTIONS 
 
Alex and Melissa prepare the following set-up. The resistor under consideration is connected between 
springs a and b. Across the same springs, they connect a voltmeter that will stay in this position to read 
any variation in voltage across R during the experiment. 
Firstly, Alex connects the free lead of the battery to spring b. Melissa quickly records the readings on the 
voltmeter and ammeter. Secondly, Alex moves the free lead to spring c. They record the readings, then 
move on to spring d, and so on. Their recorded readings are shown in the table below. 
 
You may do this experiment using your microelectricity kits and two multimeters and graph paper.  

Use 22 Ω resistors. Your presenter will give you extra resistors if necessary.  
For this investigation it is best to work in small groups.  
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Free lead of battery 
connected to …. 

Potential difference ∆V across R (V) Current I in circuit 
(mA) 

Spring b 1,06 48 

Spring c 0,91 42 

Spring d 0,80 37 

Spring e 0,64 34 

Spring f 0,58 31 

 
(a) Draw a circuit diagram to represent the above set-up.      
 
(b) What happens to the current in the circuit each time they add an extra resistor in series?   
(c) What is the question Alex and Melissa are investigating in this experiment?  
 
(d) In this investigation, what is: 

(i) the independent variable         
(ii) the dependent variable?          

 
(e) Name a variable that Alex and Melissa need to control in this investigation.   
 
(f) Give a hypothesis for this investigation.       
 
(g) Use the data recorded in the table to draw a labelled graph.     
 
(h) Give the results of this investigation in the form of an equation.    
 
(i) State a conclusion in words.              
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