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Abstract
There are many factors that can influence the operation of solar cells. As is known
to all, the most obvious factor is light intensity. But is there other factors which can
affect a solar panel? This thesis discusses the factors and finds some other unusual
factors. In order to research all factors clearly, controlling variable method has been
applied in most experiments. This is a method that only changes the variable we
research and control the others fixed, which can avoid too many variables appear
in the same time. Luxmeter and multimeter have measured light intensity, current
and voltage from the solar cells. Also many objects used in daily life have been
applied in the experiments.
Distance to light source , light intensity, angle and wavelength of light source are
factors have been investigated in this thesis. In the main text, tables and figures
show all result data. All result caused by different factors can be clearly observed.
At the same time, the internal resistance of solar cell has also been calculated
through the experiments.
This thesis include five experiment about the distance, angle, circuit connection
and wavelength of light source, that investigate how theses variables can affect the
solar panel function. The experiment shows the relation between research
elements and power conversion. Such as the electric power decrease with the
1
higher light source, it is positive correlation by this formula I ∝ r2 and about the
second experiment we got the energy change with inclination angle, when the
angle is 0 degree with horizon it has the maximum value of solar power, as the
same time it also has minimum power conversion in 90 degree. Solar power shows
downtrend with the inclination degree increased. Third experiment about circuit
connection, in this case shown series and parallel connection how to affect the
solar cells’ output power, compare these way we got series connection is easier
way to get the maximum power in a resistance load. But the maximum power also
has connected with resistance value, when circuit loaded resistance has same
value solar panel internal resistance it can be get maximum power. Finally, this
thesis also shows some complex variables in experiment, for instance concerning
the wavelength of light. Data collection from the wavelength experiment gives a
graph that shows that different wavelength has different power density.
The experiment data show which element array has highest efficiency, which is of
interest for better solar panel configurations in the future.
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Notation
I

Current

V

Voltage

lx

Lux

m

Meter

cm

centimeter

mA

mill ampere

℃

Degree

Ω

Ohm

mW

mill watt

W

Watt

d

distance

𝛼 ,𝛽

inclination angle

𝜙

Latitude

δ

declination angle

r

Internal resistance

E

Electromotive Force

R

Load resistance

𝜇𝑚, 𝑛𝑚

Wavelength

A

Ammeter
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ABBREVIATION
DC

Direct current

AC

Alternating current

EMF

Electromotive Force

PV

Photovoltaic

LED

Light-emitting diode

kWp

Kilowatt peak

lx

Light intensity
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1. Introduction
Solar energy is the thermal radiation of the sun, mainly called the sunlight in daily
life. The average solar radiation intensity on the Earth's orbit is 1369w/m2.
Earth's equatorial circumference of 40076 kilometers, and thus, we can calculate
that the energy Earth get can be up to 173000TW. The standard peak intensity at
sea level is 1kW/m2, and the annual average radiation intensity in 24hs from
certain point on Earth's surface is 0.20kW/m2, equivalent of 102000TW energy.
Although the energy that the sun radiate to the Earth's atmospheres is only one
2,200,000,000th of its total radiation energy, it has been up to 173,000TW, which
means the energy from sun is as the equivalent of 5 million tons of
Coal--499, 40,000,000 Joule every second.
Nowadays solar energy is generally used as power generation or power supply for
water heater. Since the creatures come into being on Earth, they survive mainly
rely on thermal radiation providing from the sun. Meanwhile, ancient humans also
take advantage of the sun to dry foods, objects, and as a method of production of
food as well, such as extracting salt and drying salted fish. In the case of
diminishing fossil fuels, solar energy has become an important part of energy
frame and achieved great development. The use of solar energy owns two ways,
photo thermal conversion and photoelectric conversion. Solar power is an
emerging renewable energy. In the broad sense, solar energy also includes wind
energy, chemical energy, hydropower, wave energy, ocean thermal earth energy,
bioenergy and so on.
Solar energy is generated by huge nuclear energy released from hydrogen helium
fusion inside the hydrogen atom of the sun, which is from the sun's radiant energy.
Most of the energy human requiring is directly or indirectly from the sun. Plants
release oxygen and absorb carbon dioxide through photosynthesis, and store the
chemical energy inside the plants converted by solar energy. Coal, oil, natural gas
and other fossil fuels are also from ancient plants and animals buried under the
ground after a long geological ages of the evolution of the primary energy form.
The energy from earth itself usually means the energy refers to the internal
thermal energy and the energy refers to nuclear reaction.
Along with decrease of fossil fuels, human beings are beginning to pay more
attention on the new energy resource, and focusing on how to convert the new
type of energy into electricity instead of fossil fuels. When it comes to the new
energy, wind power, hydro power and solar power are known as most of people.
Apparently, the sun is everlasting and powerful, which has very huge potential
discovered by people. Compared with so many types of new energy, in recent years
solar power also possesses the rapidest development in both industrial and civil
aspects. However, people only can convert and utilize 15% to 25% energy from
solar power so far. It is a very low utilization. On the other hands, solar energy
owns high cost, high-occupied area by solar cell and unstable electric energy
production in practical application. Thus, if people want to take good advantage of
solar power, these issues must be solved in the further. [1]
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Figure 1 Solar energy working system, power transmission and storage [2]

As the Figure 1 shown is the theory of grid for the Photovoltaic system, solar cell
through silicon inside converts the energy of the light directly into electricity, and
then convert DC to AC through DC/AC inverter for home use and battery, and it can
also transmit to other place through power grid for home and industry use. This
thesis mainly focuses on the solar cell. We will discuss and analyze the conversion
of different intensities' light in various situations. [3] Meanwhile, we will try to
analysis the data collection from the experiments to find out what kind of situation
is the best for the conversion of light to electricity. Also, we are going to research
which factors can affect energy conversion so that people can eliminate drawbacks
to get the huge improvement for the rate of light conversion. [4][5]
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2. Background
When it comes to traditional electricity, we can easily imagine fossil fuels such as
coal, natural gas or petroleum, which leads to a quantity of sustainable issues and
environmental problems. Therefore, in the future, using more sustainable ways
instead of fossil fuel, for instance wind power, solar power and hydropower seems
be a globe trend. Nowadays, lots of countries have begun the research and
exploitation of solar energy. Here, we will mainly discuss solar energy, researching
the power transmitted from sunlight in different ways, because it is so available
that we can meet and collect in our daily life. In the same time, it contains a huge
amount of potential for human beings to discover. However, normally sunlight is a
kind of sense that we feel warm, bright and shining. As a star existing for several
billion years, what we think the function of the sunshine is fertilizing the earth and
lighting our world. Maybe there is a doubt in most of our minds why someone can
link sunshine to electricity power. Sun and electricity, those two seems no any
relation ostensibly. We know the sun is hot enough and powerful, but how the light
converts into electricity? Also what helps and promotes the conversion? What type
of electricity we can get from the sun? Before we solved above question people will
face on serious problem it is how to convert the sunlight and then how track it, go
through a several of years scientist found the best martial is silicon to convert the
sunlight to electric energy, but the conversion rate is very low, only has 15-25%.
Based on that reason, people try to consider how to improve the conversion rate.
One way is from the chemistry, changing or developing material to research the
new and high-conversion-rate material for solar panel. Another way is that to find
best way and fit factors for tracking the light sources. This thesis mainly discusses
the physics way like circuit design, light scours tracking and physics factors
analysis to improve the light conversion rate.
When we try to track the sunlight and convert the energy from the sun, it always
has the best factor such as angle, temperature and direction that can
convert the maximum energy. When people configure the solar panel, they always
want to obtain more energy transfer and utilize the sunlight as great as possible.
Based on that reason, people need to research the inclination and azimuth angle
that is the relationship between the earth and the sun. [6]
Azimuth angle, it is a measurement method that can represent angular
difference of the object on the plane. In general, the azimuth angle range is in
0 degree to 360 degree. The north is 0 degree, east is 90 degree, south is 180
degree and the west is 270 degree so that people can calculate the angle between
two objects on the plane with north point (zero point). And about inclination, it
is the angle between two horizontal planes or one horizontal line with one
horizontal plane. For application issue, two objects in the space, one is on the
horizontal plane, the other one is perpendicular to this horizontal plane and
connect these two objects in a line, the inclination between horizontal plane and
this line. People can use azimuth, inclination and distance to determine an object
position on the ground relative the sun.
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However, along with the deeper experiment, we found that not only the angular
can affect the sunlight conversion, but also exists other factors that can affect the
results, such as temperature, different length with light and circuits connection.
So this thesis will discuss above mention factors how to affect the light conversion
and try to found more efficacious ways to increasing conversion.
After human know these theories, it will be easier to track the sunlight and move
forward to improve conversion energy from the sunlight. Better use the clean
energy will make our get more sustainable development and more friendly to our
environment.

How does solar photovoltaic work
Solar PV systems convert sunlight into electricity through cell. The PV cell consists
of 1 or 2 layers of a semi-conducting material--usually is silicon. When sunlight
irradiates on the panels, an electric field across the layers that is caused electricity
to flow is created. The bigger the light intensity of the light is, the stronger the
electricity flow can be generated. [7]
That the amount of energy that they generate in full light are called Solar PV cells;
know as kilowatt peak or kWp.

Figure 2 Working principle of solar cell [7]

From the figure 2, the solar cell is the basic building block of solar PV technology.
PV Solar Cells are familiar to most people. In order to form a module (PV Solar
Panel), these cells are wired together.
The PV Modules collect solar energy in the form of sunlight, converting it into DC
(direct current) electricity. And an inverter could convert the DC power into AC
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power (alternating current is that the type of electricity used in people's home).
PV Modules are joined to compose a PV Solar Panel system together. The large PV
systems can be divided into the buildings to produce electricity. [8]
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3.

Experiment Prepare

3.1 The problem statement
There are some problems with solar power technology at present development.


Low conversion rate of solar power

The maximum conversion rate of solar power is 25%, which is so inefficient to be
compared with other renewable energy. The solar cell, or photovoltaic cell (PV),
is a device that converts light into electric current using the photoelectric effect.
However, the efficiency of solar cells is only about 22%, which means the rest of
the sunlight striking the panel is wasted as heat. More efficient photovoltaic cells
have been discovered (up to 43% efficient - see How efficient is solar energy? - but
these are still in their experimental phase and are expensive to manufacture).


Solar panels use expensive semiconductor material to generate electricity
directly from sunlight. Semiconductor factories need 'clean' manufacturing
environments, building and maintaining with high cost.

Most solar modules are currently produced by solar cells made from
polycrystalline and monocrystalline silicon. In 2013, more than 90 percent of
worldwide PV production has been accounted containing crystalline silicon.
However, when people produce crystalline for making solar cell, it will have a
strong effect on our environment.


Solar energy is not stable with weather changed

Along with the weather changing, the electricity is always variation with the light
intensity. Like the clouds, seasons, day and night and extreme weather, all of
these can affect the power from solar cells.
Thus, we need several experiments to research how to decrease the influence to
solar cells.

3.2 The purposes
We try to analyze different power from the solar cells in each situation. Research
the working principle and influence factor of the solar panel. Collect data and
materials for the research of tracking solar power.

3.3 The thinking of finding method of experiments
Apparently, light intensity can affect the cells perspicuously, but how about other
factors? Or light intensity is the only factor? So firstly, we try to do experiments in
different variables, in order to get some general results and watch some better,
rigorous ways.
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4.

Experiments on solar cells

4.1The materials and apparatus
Compare the operation of solar cells in different situations.
Table 1

All devices and tools using the experiments

Objects

Quantity

Reference

1

Solar cells

10

Power supply

2

Resistor

1

22 Ω

3

Multimeter

2

Measure current and voltage

4

Bulb

1

150W, light source

5

Tube

1

Light source

6

LED lights

4

Represent different
wavelengths

7

Rule

1

Measure the height

8

Thermometer

1

Measure the temperature

9

Luxmeter

1

Measure the light intensity

Figure 3 Devices and tools using the experiments

We design a circuit with the equipment in Figure 4.
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Figure 4 The circuit we design in experiments
Then, we expose solar cells completely in 3 light sources and get following data in
Table 2.
Table 2 Data of experiments

1

2

3

Light source

Daylight

Bulb

Tube

Light intensity (lx)

2508

2062

1527

0.42

165

Height (m)
Angle

All directions

Vertical

Vertical

Temp (Celsius)

35

27

21.4

Voltage (V)

0.129

1.28

0.911

Current (mA)

5.91

58.29

0.039

Obviously, daylight owns larger light intensity than bulb and tube. However,
voltage from daylight is the smallest.
We guess not only light intensity, but also another factors as height, angle and
temperature also relate to the solar cells.

4.2 The final method of experiments
There will be several variables such as light intensity, temperature, height and
angle in these experiments. When all of those meet together, the experiments will
be mess. Thus, we only leave one variable to let us focus on its effect of cells, and
keep others fixed and remain the same. This is called controlling variable method.
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4.2.1 Experiment 1: observe the effect of different height

Figure 5 Circuit of different heights

Figure 6 Experiment with different heights

Control angle and temperature stable.
Table 3 Fixed value in experiments

Angle (degree)

Temperature(Celsius)

0

22.5

Light source is the bulb.
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Table 4 Data of experiments

1

2

3

4

28

41

67

85

8000

2062

684

600

Current (mA)

96.8

58.29

26.9

12.27

Voltage (V)

2.138

1.28

0.59

0.271

Power (mW)

207

74.6

15.87

3.33

Cell voltage (V)

2.486

2.4

2.21

1.87

Height (cm)
Light intensity
(lx)

Collect the data.

Figure 7 Light intensity affected by height
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Figure 8 Voltage and power affected by height

Height determines light intensity. In Figure 8, it is easy to observe the light
intensity can significantly affect the solar cells from the table. When height of
bulb increases, light source staying away from the cells, current, voltage and
power all become lower. From this graph people can easily get relation between
light intensity and solar energy, and height (or distance) can lead different light
intensities. So it is obvious that the light intensity is proportional to power
generated from solar cells.

Figure 9 The distance relationship between light source and solar panels [9]

As the Figure 9 shown moving the same amount of light away from a diffuse light
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source be covered a big acreage, thus the solar panel can intercept the part of
energy only. This is named the inverse square law. It has relationship with r (the
distance). According to inverse square law people can get a formula about current
I and distance r, as it shown in below current（I）positive correlation with inverse
square distance(d), it is not direct proportion because in that situation it has many
extenuation elements can be affect the value of current not only the distance from
the light source, but in the general trend current decrease with the distance
increase.
1

I ∝ d2



The formula is about distance and current.
For this theory people can use it for sunlight when the sun is going to the Earth’s
orbit reaches perihelion, generally this situation occurs in January the distance
between the sun and earth is 5million km, it is almost shortest distance from the
sun to the earth, solar panel can be convers more energy from the sunlight it is
approximately 7% than normal.
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4.2.2 Experiment 2: observe the effect of different angle
There is an interesting phenomenon in people's home.
The temperature of solar water heater rises more rapidly in midday. But in
morning and at dusk, the change of temperature is not apparent. That's the reason
of the changing angle between the sun and the earth. So the angle is one of the
factors affect the power of solar cells.

Figure 10 The relationship between the angle of solar panels and light source

In this experiment, we control height and temperature stable.
Table 5 Fixed value in experiments

Height (cm)

Temperature (Celsius)

165

23.3

As the figure 10 shows, Light source is the tube. Because light intensity is not very
big, we choose to do in a room without sunlight and another light source, removing
other light interfering. The experiment assume when the angle equal to 0, it mean
solar array parallel with the ground and perpendicular with light source, and then
we rotate on solar array with clockwise to 20°, 40°, 60°, 80° 𝑎𝑛𝑑 90° is parallel
with the light source.
Table 6 Data of experiments

1

2

3

4

5

6

Angle (degree)

0

20

40

60

80

90

Light intensity (lx)

750

670

520

409

235

141

Current (mA)

1.9

1.7

1.32

0.89

0.5

0.44

Voltage (V)

0.5

0.49

0.37

0.24

0.14

0.12

Power (mW)

0.95

0.833

0.49

0.214

0,07

0,053

Collect the data.
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Figure 11 Light intensity affected by angle

Figure 12 Voltage and power affected by angle

Angle determines light intensity. Obviously, light intensity decreases when the
angle of solar cells increases, meanwhile, the voltage and power of the cell also
decrease with the light intensity.
Following this simulation experiment people can analysis the sunlight how to
affect the solar cells, when we research the sunlight power conversion on the solar
array it is not only depend on power density, in other words the power conversion
not only decide by light intensity，it also relating with the incidence angle on the
module, as people known the sunlight perpendicular to the solar array it has the
maximum value of power density from the sunlight. That mean the module surface
absorb power density equal to the sunlight. Otherwise the power density is
changing with the angle between the solar array and the sun. Along with angle
changing the power density is less than the situation of the perpendicular. Below
these formulas shown relate with the module surface, horizontal surface and
incident surface. Module surface, which is the incident solar radiation
22 / 38

perpendicular to the solar cells (module surface), horizontal surface, is the light
radiation on the ground (horizontal plane) and the S incident is the radiation incident
perpendicular the light source point P, it is the sun, because the sun is very far away
form the solar array so we can assume all the solar incident is parallel light, so it is
perpendicular to the sun. [10][11][12]

Figure 13 Different issue with angle of the solar array

This Figure 13 can explain the variable with 𝑆𝑚𝑜𝑑𝑢𝑙𝑒 , 𝑆ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 and 𝑆𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 :
𝑆ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 = 𝑆𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 sin 𝛼



𝑆𝑚𝑜𝑑𝑢𝑙𝑒 = 𝑆𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 sin(𝛼 + 𝛽)



In this figure 𝛼 is the inclination angle; and 𝛽 is the inclination angle between
the solar cells and horizontal plane.
The inclination angle can be expression by this formula:
𝛼 = 90 − 𝜙 + 𝛿



Above of the formula 𝜙 is the latitude and δ is the declination angle.
For the declination angle follows by below equation, in this case d is the day:
360

𝛿 = 23.45° sin [365 (284 + 𝑑)]



From these equations between 𝑆𝑚𝑜𝑑𝑢𝑙𝑒 and 𝑆ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 can be expression by:
𝑆𝑚𝑜𝑑𝑢𝑙𝑒 =

𝑆ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙 sin(𝛼+𝛽)
sin 𝛼



Following all of the formulas we can get the theory about the relation between
solar power conversion and solar array angle with the light source, it is proof
power density changing with the solar cells’ angle. [13][14]
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4.2.3 Experiment 3: observe the effect of different circuit


In series:

Figure 14 Solar cells connected in series



In parallel:

Figure 15 Solar cells connected in parallel



In series and parallel

Figure 16 Solar cells connected in series and parallel

According to the electrical knowledge, if we connect 10 same batteries in series,
as the Figure 14 in parallel and in parallel with series, we will get different voltages
and currents from the batteries, as the same as the solar cells. [15]
We assume that in one solar cell, internal resistance is r, electromotive force (Emf)
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is E, and the resistance in circuit is R.
Table 7 Formulas in three circuits

In series

In parallel

In series & parallel

Internal resistance

10r

0.1r

0.25r

Emf

10E

E

5E

E/(R+0.1r)

5E/(R+0.25r)

ER/(R+0.1r)

5ER/(R+0.25r)

Current
Resistor's voltage

10E/(R+10r) or
(10E-UR)/10r
10ER/(R+10r)
or 10E-10r*I

At first, we guess the internal resistance is small enough so that the resistors'
currents and voltages can be:
Table 8 Formulas of ideal solar cells

In series

In parallel

In series & parallel

Internal resistance

0

0

0

Emf

10E

E

5E

Resistor's voltage

10E

E

5E

Current

E/r

10E/r

20E/r

Obviously in Table 8, if there exists such small internal resistances, as an ideal solar
cell, we can seem resistor's voltage as electromotive force.
In order to get more data that can be referenced, we do two groups experiments
for each connecting method--under bulb, and under tube. [16]
Control light intensity, angle and temperature stable.
Table 9 Fixed quantities

Light intensity under bulb (lx)

Angle (degree)

Temperature
(Celsius)

4500

0

We choose the value of resistor R=22Ω
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22.5

Then, our data of the three-way-connection experiments are:
Table 10 The data of experiments

(Bulb)

In series

In parallel

In series & parallel

Current (mA)

31.10

17.86

7.91

Resistor's voltage (V)

0.680

0.388

0.172

As what we think from Table 10, if we connect solar cells in series, the voltage
should be maximum value in three situations. If we connect solar cells in series
and parallel, the current should be maximum value in three situations.
However, actual results are not like the theoretical data we list before. Under bulb,
series connection owns the maximum current and resistor's voltage;
So we think, internal resistance cannot be neglected. [17]
Use formulas and values below to calculate the r.
Table 11 Formulas and data of the circuits

In series

In parallel

Current (Bulb)

10E/(R+10r)

E/(R+0.1r)

Current(A)

31.10*10-3

17．86*10-3

According to Table 11 list we can get these equations, and simultaneous equations,
E and r can be solved:

10𝐸
= 31.10 × 10−3
𝑅
+
10𝑟
{
𝐸
= 17.86 × 10−3
𝑅 + 0.1𝑟

Result for above equation set ：
𝑟 = 11Ω
{
𝐸 = 0.412𝑉
Following these calculation the internal resistance r and Electromotive Force E
have been calculated, this result proof our experiment, because of existed internal
resistance in the solar cells and different circuit connection so it get the different
value of the power with series and parallel circuit， it has difference with the ideal
condition which the power should be equal with series and parallel circuit.
Based on that experiment and calculation people can obviously when experiment
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implement series circuit connect the solar cells in the same situation with parallel
circuit it can get the maximum power form the series connected. [18]
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4.2.4 Experiment 4: observe the effect of covering
As is known to all, in the outdoors, it cannot be always sunny days. In this
experiment, our aim is simulate the environment like cloudy day, dust
accumulation and snow covered.
We think is that, how to simulate those is to give a cover to solar cell and analyze
the power from solar cell.

Figure 17 Experiment with 1/2 cover

In this experiment as the Figure 17 shown, we design the experiment as no cover,
1/3 cover and half cover to compare the power generated from the solar cell.
Table 12 Fixed value in experiments

Angle (degree)

Temperature (Celsius)

Light intensity (lx)

0

32

6000

The data we get from experiments are shown in Table 13:
Table 13 Data from experiments

No cover

1/3 cover

Half cover

Emf (V)

0.475

0.442

0.393

Voltage (V)

0.351

0.326

0.287

Current (mA)

2.4

2.22

1.95

Power (mW)

0.842

0.724

0.56

Collect the data.
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Figure 18 Voltage and power affected by covers

Clearly, we can observe in Figure 18 that the power decreases with the cover area
increasing. So that is one of the reasons why solar cells need to clean and remain
regularly.
Next, we will try to explore the relationship between wavelength of light source
and power of solar cells.
Sunlight, bulb light and tube light are all light sources, but they have different
wavelengths. Does the type of light sources influence the solar cells‘ power?
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4.2.5 Experiment 5: observe the effect of light source with
different wavelength
As a factor that we cannot feel in daily life, first of all, we scan some relevant
materials.
Briefly, wavelength do affect the power.
Here, we discuss the solar spectrum that the sunlight reach ground after spreading
across the universe and absorbed through atmosphere. AM (Air Mass) is the
magnanimity describing the optical thickness of Earth's atmosphere. In the top of
the Earth's atmosphere, sunlight penetrates zero atmospheric thickness. Here the
solar spectrum is AM0. Spectrum that is absorbed and scattered after sunlight
vertical penetrates atmospheric (1 unit atmospheric thickness) is AM1. This kind
of spectrum can only emerge in a certain period at equator and low latitudes
regions. In order to calculate the spectrum at other regions, generally we use
average value that is intermediate value of solar elevation angle—48.2 degree
corresponding atmospheric thickness AM1.5. The ground application’s solar cell
optical design usually takes AM1.5 standard, space application taking AM0 as
standard. Thus, which type of semiconductor material can be applied in solar
panel depends on solar spectrum. [19]
Spectral response
When it comes to spectral response, in the role of incident lights with different
wavelengths, the ratio of the current from the solar cell to the power incidents on
the surface of solar cell is called spectral response.

Figure 19 spectral response curves [20]

The spectral response curve is shown in Figure 19.
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Most of the solar panels own good absorption in middle wavelength.
Generally, solar cell has very low response to the UV light with short wavelength
below about 0.40μm. The response at infrared light with long wavelength over
about 1.15μm falls back to zero. The short wavelength light is absorbed in the
position very nearly the surface of the solar panel. Response peak is between about
0,85μm and 1.1μm. [21]
And about sunlight, sunlight is a portion of the electromagnetic radiation given off
by the sun, in particular infrared, visible, and ultraviolet light. The range of visible
light’s wavelength is between 0.39μm to 0.77μm, and the range of invisible light’s
wavelength is between 0.77μm to 11.59μm. Different light in wavelength can cause
different colors to humans. People feel purple in 0.39-0.455μm; blue in 0.4550.492μm; green in 0.492-0.577μm; yellow in 0.577-0.597μm; orange in 0.5970.0.622μm; red in 0.622-0.77μm. [22]
Here is the spectrum of the visible wavelengths

Figure 20 Spectrum of the visible wavelengths at approximately sea level [23]

This Figure 20 contains comparison with direct sunlight by direct sunlight
scattered by cloud cover and with indirect sunlight by varying degrees of cloud
cover. The yellow curve demonstrates that the spectrum of direct illumination is
under optimal conditions. The other illumination conditions show their relations
to direct illumination.
Combined spectral power with the spectrum response curves above, whatever
conditions sunlight have, it always contains huge spectral power when
wavelength is over 0.4μm, which exactly corresponds the spectrum response
curves.
In this part, we will use LED light bulb to simulate light sources with different
wavelengths.
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Here, we find some data of LED light bulb' wavelengths.
Most of the LED light bulbs' wavelength distribution is between 0.46μm to
0,636μm. Wavelengths from short to long successively are rendered as blue, green,
yellow-green, yellow, yellow-orange and red. The peak wavelengths of some
common LEDs are: blue--0.47μm, blue-green--0.505μm, green--0.525μm, yellow-0.59μm, orange--0.615μm and red--0.625μm.
In our experiments, we use one color-changeful LED light bulb that can emit blue,
blue-green, green, orange, yellow and red light, which represent 6 different
wavelengths' light sources in same light intensity that equal to 110lx.
Control angle, light intensity and temperature stable.
Table 14 fixed values in experiments

Angle (degree)

Temperature (Celsius)

Light intensity (lx)

0

22.5

About 120

Table 15 Data of experiments

Blue

Blue-green

Green

Yellow

Orange

Red

Wavelength (μm)

0.47

0.505

0.525

0.59

0.615

0.625

Current (mA)

0.09

0.12

0.13

0.20

0.31

0.33

Voltage (mV)

2.8

3.3

3.6

5.8

8.7

9

Power (nW)

0.252

0.396

0.468

1.16

2.697

2.97

Figure 21 Experiments with different colors of light 1

This Figure 21 shown what effect of the solar panel in red light source, in that
room it only has red light and we switch off the other light source.
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Figure 22 Experiments with different colors of light 2

This is shown the voltage and current response from the green light source in
Figure 22
Collect the data in Figure 23

Figure 23 Voltage and power affected by wavelength and light intensity is constant equal to 110lx.

As the Figure 23 we get from our experiments, we can find that our experiments
can exactly proof the theory we have written before.
Along with the increase of wavelength, the current, voltage and power of the
circuit are also increasing. [20] [24]
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5.

Conclusion

New energy is very popular research in resent years, and sun reserves large power
in people’s life, along with the fossil fusel exhausted and unfriendly to
environment how to utilize solar power is more important in the further. That is
mainly reason why this thesis researches this topic. Through five experiment
people can get more clearly observe which elements has more affect for solar array,
and then use it to verify already theories and formula.
Firstly this thesis analysis how does solar gird work and how to utilize in people’s
life and industrial production. When it working more popular in the word, people
will think how does it can be more efficacious working and get more energy form
solar cells. So we try to found key features for improve solar energy conversion
that is distance, angle, circuit connection, covering, and wavelength. First
experiment verifies the power density has relation with distance that is positive
𝑆
sin(𝛼+𝛽)
correlation. Second, is explain and verify a formula is 𝑆𝑚𝑜𝑑𝑢𝑙𝑒 = ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙
sin 𝛼
according to this formula human can calculate the power density from the tilt
angle. This formula shows the relation between the angle and power density. Next
two experiments are make clear when people want to earn more energy from solar
array they should configure the good electric circuit and avoid the object covering.
Here object covering is referring to cloud, snow, plants and covering by human.
When people install solar array they should consider that, as much as possible to
avoid any covering on solar array. Such as people can install the solar array on the
less clouds place and don’t install it near to the trees. Also need consider the snow
covering so it can be installed an angle with ground, it will better for snows slide.
About the circuit connection, in our experiment series connection has maximum
output power, because when the resistance is no change current increase with
voltage increase, so the maximum power with resistance is series solar cells. But
in practical application people always consider more condition like all electrical
has nominal voltage and rated current so in application case how to connected
circuit is usually depend on what people’s need first, and then choose maximum
power connection. Last experiment is about wavelength, when we research the
material we found solar cells has different respond with different color light
source, so in the last experiment we try to measurement the solar cells’ power in
different wavelength. As experiment result red light has maximum power in this
case and blue one is most week. For wavelength experiment purpose is research
property of the light and analysis the solar cells response for different property
light source and prepare for deeper research in the further.
Based on these researches this essay shows some property of the solar cells and
according to these property and data people can better use the solar energy. And
this data collection and result are also prepare for further work that is solar
tracking [25], it will more intelligent and automatic tracking sun to utilize solar
energy. Because of the solar energy have more environments friendly and
renewable it will has more development in the further and more fossil fuel will be
instead by it.
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