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Introduction
I was building my very first solar robot. I put it together, 
but when I shined a light on it, it did not work. I thought 
I did something wrong. It turned out that it didn't have 
enough light to work!

So how do solar cells work? How much light does it take 
to power my solar robot?

This project is important to figure out how much light I 
need to power a small motor. Other kids building solar 
robots will benefit from the results of this project 
because they will know how much light it takes to 
activate the robot.



• How does a solar cell work?
A solar cell has two parts. The top part is made of up 
silicon and phosphorous. The phosphorous has 5 free 
electrons but the silicon has only 4 free electrons. So 
four electrons will join up, but there is one left over 
that is free to move. The bottom part is made of 
silicon and boron. The boron only has 3 free 
electrons which means there is a hole when 
combined with the silicon.

When light enters the cell, the electrons are excited 
and move around to try to fill the holes in the bottom 
layer. By attaching a circuit from the top part to the 
bottom part you can harvest the electricity.



• How much light does the solar cell need?
Light comes in the form of wavelengths from very 
small wavelengths called Gamma rays to huge 
wavelengths called Radio waves. But solar cells only 
work with the visible light spectrum (not gamma 
rays, x rays, ultraviolet rays, Infared, microwave or 
radio waves). The visible light spectrum is from 400 
nm to 700 nm.

In a dark room a solar cell will not produce any 
electricity. If more light is added, the solar cell will 
begin to produce more electricity. But at some 
point, more light will not produce more electricity. I 
want to know how much light is needed to produce 
enough electricity to power my small robot motor.



Questions & Hypothesis
• How much light is needed to power my small robot 

motor from the solar cell?

• Will different light sources (LED, Incandescent, 
Halogen) make the solar cell work better?

• Hypothesis
After my research on solar cells, I know I will see 
that brighter light will produce more electricity. I 
think the different light sources will not make the 
solar cell work better since they are in the visible 
light spectrum.



Materials

• Small solar cell robot with solar cell

• Multi-functional meter to measure voltage and amperage

• LED, incandescent, halogen bulbs (60-watt equivalent) to excite the solar cell

• Shop lamp to light the light bulbs

• Motor component of the small robot

• Red and black wires to connect the solar cell to multifunctional meter

• Ruler to measure distance between light bulb and solar cell

• Phone App "Lux Light Meter" to measure lumens (brightness of light)

• Chart to record distance, lumens, voltage output, motor on?



Procedures
1. Connect black wire from motor to negative side of solar cell

2. Connect red wire from motor to positive side of solar cell

3. Insert LED light bulb to shop lamp

4. Set multifunction meter to measure DC volts and set range to 30 volts

5. Connect red lead of multifunction meter to positive side of solar cell

6. Connect black lead of multifunction meter to negative side of solar cell

7. Arrange the solar cell and motor on a flat surface

8. Open Lux Light Meter App and place it next to the solar cell

9. Have a partner hold the shop lamp 10 inches above solar cell

10. Record distance, lumen output from the app at that distance and voltage output from the 
multifunction meter

11. Repeat steps 9 and 10 for distances of 9 inches to 1 inch from the solar cell.

12. Repeat steps 3-11 for incandescent bulb

13. Repeat steps 3-11 for halogen bulb



Data Collection
9.5-watt, 800 lumens LED (60-watt equivalent) bulb

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 2083 0 no

9 2524 .01 no

8 3132 .01 no

7 3972 .01 no

6 5347 .01 no

5 6962 .02 no

4 8482 .03 no

3 13611 .05 no

2 23821 .08 no

1 28381 .8 yes

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 2216 .008 no

9 2546 .009 no

8 2798 .011 no

7 3661 .014 no

6 4775 .018 no

5 6347 .023 no

4 9313 .032 no

3 12474 .047 no

2 19829 .061 no

1 22404 .941 yes

Trial #1 12/30/2021 Trial #2 12/31/2021



LED Voltage Output
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Data Collection
60-watt, 780 lumens Incandescent bulb

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 1272 .057 no

9 1496 .069 no

8 1713 .084 no

7 2148 .105 no

6 2640 .955 yes

5 3374 1.016 yes

4 4531 1.031 yes

3 6425 1.063 yes

2 10219 1.085 yes

1 10336 1.101 yes

Trial #1 12/30/2021 Trial #2 12/31/2021

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 1217 .05 no

9 1551 .07 no

8 1715 .08 no

7 2187 .08 no

6 2727 .13 no

5 2488 .18 no

4 4608 1 yes

3 6666 1.08 yes

2 11199 1.11 yes

1 14336 1.14 yes



Incandescent Voltage Output
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Data Collection
43-watt, 750 lumens Halogen (60-watt equivalent) bulb

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 1706 .050 no

9 2105 .061 no

8 2392 .077 no

7 3376 .090 no

6 4266 .117 no

5 5503 .901 yes

4 7883 1.003 yes

3 11216 1.068 yes

2 18705 1.13 yes

1 26763 1.15 yes
Trial #1 12/31/2021 Trial #2 12/31/2021

Distance 
(in)

Lumens
DC 
Volts

Motor 
On?

10 1989 .045 no

9 2176 .053 no

8 2418 .065 no

7 3028 .074 no

6 3397 .101 no

5 4425 .944 yes

4 5889 1.022 yes

3 8813 1.063 yes

2 12946 1.10 yes

1 23854 1.11 yes



Halogen Voltage Output
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Interpretation & Implications

• The LED bulb was very bright, but it didn't make 
very much power. The motor didn't turn on until it 
was 1 inch away from the light. The incandescent 
and halogen bulb made the motor work at about 5 
inches away. Why doesn't the brightness make the 
motor run?

• After a little more research, I learned that if the 
light spectrum is similar to sunlight, then the solar 
cell can work.



• It's easy to see that the halogen and incandescent 
light spectrums look very similar to daylight. The 
other three don't look the same and this is why the 
LED bulb failed to power my solar robot. Now I 
know that I need to take my robot outside to make 
it work (or find a room full of incandescent or 
halogen bulbs)!

Clichttps://neiloseman.com/know-your-lights-tungsten/k to add text
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