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Solar cells are available in different sizes. With this experiment the dependence of the characteristic values voltage, 
current and power on the solar cell area should be investigated. 

Introduction

1. Dependence of power on the area of the solar cell

Learning Objects Concepts

Time Frame

Measure the voltage and the current and determine  
the power of a solar cell with different active areas!

What relationship between the area and these  
three measured values can you identify?

Principles of electrical circuits 
Voltage and current 

1 lesson

Equipment Equipment Setup Procedure

Main board 1.	
1 large solar cell 2.	
3 solar cells cover sheets3.	
1 voltage sensor 4.	
1 current sensor5.	
NOVA LINK6.	

Launch MuliLab.1.	
Connect the USBLink to the USB port  2.	
on the computer. The green LED will turn  
on when the USBLink is successfully 
connected to the computer.
Plug the solar cell onto the main board  3.	
(left position).
For current measurement connect the  4.	
current sensor parallel to the solar cell  
and to I/O 1 port of the USBLink.
For voltage measurement connect the 5.	
voltage sensor parallel to the solar cell  
and to I/O 1 port of the USBLink.
Be aware not to connect both sensors  6.	
at the same time
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Click 1.	  .
Click 2.	 Next.
Set 3.	 Select rate to Manual.
Set 4.	 Select recording mode to Add.
Click 5.	 Next.
Set 6.	 by samples  to 50.
Click 7.	 Finish.

MultiLab Setup Notes

Experimental Procedure

Connect the current sensor as described  1.	
in the equipment setup.
Put all 3 covers onto the solar cell.  2.	
 
 
 
 
 
 

 

Click3.	   .
Take one cover away from the solar cell,  4.	
so that there are two covers left 
 
 
 
 
 
 

 

The calculated power of the solar cell is higher 
than the real maximum power, because voltage 
V and current I are not measured at Maximum 
Power Point (MPP) but at open circuit voltage Voc 
and short circuit current Isc. This procedure makes 
the experiment much easier but nevertheless the 
qualitative results will be true. 

Repeat step 2 to 3 until  5.	
no cover is on the solar cell. 
 
 
 
 
 
 

 
 

Click6.	   .
Connect the voltage sensor as described  7.	
under “Equipment Setup Procedure”.
Repeat point1 to 4.8.	
Click9.	   .
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Click1.	   .
Click 2.	 Functions.
Set 3.	 Functions to Multiply.
Set 4.	 G1 and G2 to voltage and current 
measurement data.
Click 5.	 Ok.
Go to 6.	 Table > Add manual column.
Set 7.	 Column name to free active area.
Click 8.	 Ok.
Click 9.	  .
Add the columns of free active area, the current 10.	
and voltage measurement and of the calculated 
power function.

Data Analysis

	Click 11.	 Ok.
	Click 12.	  .
Click 13.	  .
Set 14.	 X-axis to free active area.
Set 15.	 Y-axis to the measured current  
and voltage data points.
Set the16.	  Graph title to  
“Voltage / Current / Power -   
Area Dependence”.
Click 17.	 Ok.
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Expected Results

The voltage stays nearly constant. In contrast, the current increases with the active area.  
It is directly proportional to the solar cell area.

Because power P is the product of voltage and current,  
it also increases with active area and is also directly proportional to the solar cell area.
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How does the voltage V depend on the solar cell active area size?1.	
How does the current I depend on the solar cell active area size?2.	
What can therefore be conclusion for the power P?3.	
Advanced: Give an explanation for this behavior!4.	
Advanced: In the experiment kit only relative small solar cells are included. In practice mostly so called 6-inch 5.	
solar cells are used. They have a size of 156mm x 156mm. Apply a linear fit to your data and calculate the 
current and power of a 6-inch solar cell under the conditions of your experiment.

Questions

The voltage is constant. It is independent of the solar cell area.1.	
The current increases linearly with larger active area.2.	
Because power P is the product of voltage V and current I, it also increases linearly with the active area size.3.	
The voltage of the solar cell does not change because it is a material constant. It mainly depends on the solar 4.	
cell material but only slightly on illumination density (it depends on the illumination density by a logarithmic 
law).  The solar cells in this kit are made of silicon and therefore have a voltage of 0,5V under sun light. 
The reason that the current on the other hand increases with area is the following: The larger the area of 5.	
the solar cell the more photons (light particles) are collected by the solar cell. Each photon can excite one 
electron. This means that with larger area more photons are collected and more electrons are excited. And 
more electrons means more current.

Answers

You can also compare the two different kinds of solar modules included in the kit.  
The larger one has a size of 52mm x 52mm and the smaller one of 52mm x 26mm. 

Further Suggestions
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Solar modules are mostly mounted on roofs in a fixed position. During the day, when the sun is “moving” across the 
sky, the angle of incidence of sunlight changes. In this experiment the dependency of the solar cell power on the 
angle of incidence should be investigated.

Introduction

2. Dependence of power on angle of incidence

Learning Objects Concepts Time Frame

Measure the short-circuit 
current and the open-circuit 
voltage  of the solar cell 
depending on the angle of 
incidence of the light

Principles of electrical circuits 
Voltage and current

1 lesson

Equipment Equipment Setup Procedure

Main board 1.	
1 large solar cell 2.	
1 current sensor3.	
1 voltage sensor4.	
Desk light or equivalent  5.	
(if you do not conduct the  
experiment in sunlight) 
NOVA LINK6.	

Launch MultiLab.1.	
Connect the NOVA LINK to the USB port  2.	
on the computer. The green LED will  
turn on when the NOVA LINK is successfully 
connected to the computer.
For voltage-measurement connect  3.	
the voltage sensor to I/O-1 port of  
the NOVA LINK.
For current-measurement connect the current 4.	
sensor to I/O-1 port of the NOVA LINK.
Plug the large solar cell onto the middle 5.	
position of the main board.
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Click 1.	  .
Click 2.	 Next.
Set 3.	 Select rate to Manual.
Set 4.	 Select recording mode to Add.
Click 5.	 Next.
Set 6.	 by samples  to 50.
Click 7.	 Finish.

MultiLab Setup Notes

Experimental Procedure

Connect the voltage sensor parallel  1.	
to the solar cell.
Align the main board to the sun or the main 2.	
light source so that the angle. between the 
base unit and the incident light is 90° - this 
means the angle of incidence is 0°.  Use the 
shadow bar of the main board for alignment: 
There should be no shadow visible.  
 
 
 
 
 
 

 

Click3.	   .

For this experiment the shadow bar and the angle 
scale of the base unit has to be used. It allows 
measuring the angle of incidence very easily. But 
this requires either to measure in direct sunlight 
or to use only one main light source in the room. 
Diffused light has to be avoided!

If you do the experiment in sunlight you have to 
use either a current sensor with a range of at least 
1A or you use the small solar cell instead of the 
large one.

Change the angle of the main board so that 4.	
the shadow is parallel to the angle scale and 
reaches the 10° line.  
 
 
 
 
 
 

 

Now change the angle to the values  5.	
of 20°,30°,40°,50°,60°,70° and 75°  
and for each angle click  .
Click6.	   .
Exchange the voltage sensor by the  7.	
current sensor and repeat step 1 to 4.
Click8.	    to save your data.
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Click 1.	 Table > Add manual column.
Fill in the field for Column title : “2.	 Angle”.
Click Ok.3.	
Click4.	  .
Click 5.	 Functions.
Set 6.	 Functions to Multiply.
Set 7.	 G1 and G2 to the voltage  
and current measurement data.
Click 8.	 Ok.
Click 9.	  .
Add the columns of the current and voltage 10.	
measurement, of the calculated power function 
and the column angle.
Set the name of the table to Overview.11.	
Click Ok.12.	
Fill the column angle with the correct numbers.13.	
Click 14.	  .

Data Analysis

Plotting power vs. cosin (alpha)
Click 1.	 .
Click 2.	 Functions.
In the tab 3.	 Functions select Cosine.
Set G1 to 4.	 angle.
Set  B to 5.	 0.01745 (pi/180°).
Click 6.	 Ok.
Click 7.	   and add the cosine function as column.
Click 8.	   .
Set the 9.	 X-axis to the Cos function.
Set 10.	 Y-axis to current and the calculated  
cosine function.
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Expected Results

With increasing angle of incidence the power of the solar cell in decreasing.

If the power is plotted against the cosine of the angle a linear behavior can be found.

How do the current and the voltage depend on the angle of incidence? 1.	
What is the exact mathematical relation between the power and the cosin function of the angle?2.	
Advanced: Explain this behavior geometrically.3.	

Questions
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The voltage is independent of the angle of incidence.   1.	
The current is decreasing with increasing angle of incidence.
The current is directly proportional to the cosine of the angle.2.	
The behavior can be explained by Lambert’s law. 3.	
 
As explained in experiment 1, the photocurrent is proportional to the illuminated area of the solar cell. 
However, the area which is actually exposed to the incident light depends on the angle of the surface to the 
light. This fact can easily be demonstrated to the students by turning a sheet of paper in a beam of light and 
watching the shaded area. Only the part of the light which was taken out of the incident light beam (causing 
the shadow) can be converted into current by a solar cell. 
In principle the explanation for this experiment is the same as for experiment 1. The only difference is that 
between the angle of incidence of light and the actual illuminated surface of the solar cell (Aact) there is 
no linear correlation. Hence, there can’t be a linear connection between power and angle of incidence. The 
following geometrical relations show the actual connection: 
The height of the cell be h, the width b and the surface area A. (compare with the figure). If the cell is turned 
into the light, the effective (and therefore active) height is reduced to hact. It follows that:  
hact = h·cosα. 
Since the active width is constant, the following applies for the active surface: 
Aact = hact · b = b · h · cosα = A · cosα. 
As shown in Experiment 1: 
P ~ Aact. 
It follows that: 
P ~ cosα. 
Since the open circuit voltage of the solar cell mainly depends on the material but only to a small extend  
on the illumination, the following connections follow: 
Isc ~ cosα 
Voc = const. 
The power shows almost the same dependence on the angle of incidence as the current.  
 
 
 
 
 
 
 
 

Answers

As described in the explanation above, show 
the students how the shaded area of a sheet of 
paper behaves if it is introduced into the light 
beam of a beamer or an overhead projector.

Further Suggestions
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Individual solar cells can only be manufactured up to a size of about 6 inch by 6 inch (156mm x 156mm). Hence, to 
achieve large photovoltaic power plants it is necessary to connect many solar cells together. But how should solar 
cells be connected to each other? In this experiment series and parallel connection of solar cells can be compared 
in a qualitative way. 

Also the problem of partly shaded solar modules can be introduced qualitatively. 

Introduction

3. Series and parallel connection  
     of solar cells (qualitative)

Learning Objects Concepts Time Frame

Investigate the differences 
between series and parallel 
connected solar cells by using 
the buzzer module.

Principles of electrical circuits

Voltage and current

Students do not necessarily have 
to know the concepts of series and 
parallel connection but these terms 
can be introduced to them with  
this experiment.

1 lesson

Equipment

Main board 1.	
3 small solar cells 2.	
1 buzzer module3.	
2 cover sheets4.	
2 cables (not included in the kit)5.	
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Equipment Setup Procedure

Measurement with parallel-connected solar cells 1.	
		 a) Operate the buzzer with one solar cell, as well as two and three solar cells connected in parallel  
		 b) You can try different illumination conditions (e.g. sun light, desk lamp, room light) 
 
[pic 21] [pic 22] [pic 23] 
 
 
 
 
 
 
 

Measurement with series-connected solar cells 2.	
		 a) Operate the buzzer with one solar cell, as well as two and three solar cells connected in series.  
		 b) You can try different illumination conditions (e.g. sun light, desk lamp, room light). 
 
[pic 24] [pic 25] [pic 26] 
 
 
 
 
 
 
 

Partly shading of solar modules Set up the following circuits and compare the buzzer’s sound level:3.	

a) 	 Three solar cells connected in series to the  
	 buzzer with one solar cell completely shaded  
	 by the solar cell covers.  
 
 
[pic 26a] 
 
 

b) 	 Two solar cells connected  
	 in series to the buzzer. 
 
 
 

Experimental Procedure
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Notes

This experiment can be conducted as preparation for 
Experiment 4. It allows a very easy understanding 
of series and parallel connection. It is applicable 
for students from 12 years.

The buzzer does not work  1.	
with parallel connected solar cells.
The buzzer only works with at least  2.	
two solar cells connected in series.
Comparing the two circuits: 3.	
a)	 The buzzer does not work. 
b)	 The buzzer gives a gentle tone.

Data Analysis
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What behavior of the buzzer do you observe with series connected solar cells?1.	
What behavior of the buzzer do you observe with parallel connected solar cells?2.	
What could be the reason for this behavior?3.	
What is the result of your comparison of the two circuits? What is the conclusion from that?4.	

Questions

The buzzer does not work with parallel connected solar cells.1.	
The buzzer only works with at least two solar cells connected in series.2.	
The buzzer needs a certain threshold voltage to operate. This threshold is larger than the voltage of one 3.	
individual solar cell. Because the voltage of two solar cells connected in series is sufficient one can conclude 
that in series connection voltage is added. In parallel connection the voltage stays constant independent of 
the number of solar cells. So the buzzer does not work.
Comparing the two circuits: 4.	
a)	 The buzzer does not work. 
b)	 The buzzer gives a gentle tone. 
Shading a solar cell in series connection has negative impact on total power. Obviously the shaded solar cell 
blocks the current of the other cells. Partial Shading of solar modules should therefore be avoided.

Answers

This experiment can be used as easy preparation for experiment 4 and 9 where the same effects are studied in a 
quantitative way using data loggers.

Further Suggestions


