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 Abstract：Transformers are the electrical devices that we usually use to change the voltage 
of the alternating current. Making use of the principle of electromagnetic inductance, the 
transformer can make a step-up circuit or a step-down one. A common transformer is mainly consist 
of a primary coil, a secondary coil and a magnetic core. Through the experiment, we will study the 
factors that will affect the magnitude of the change in voltage. 
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1.Introduction 
 Transformers are widely used in our daily life. We usually get a high voltage with a low 
voltage supply. Transformer is a great example of the principle of electromagnetic, current only 
flow through the primary coil in the first place, then the electricity produces magnetism in the 
primary circuit , like the Electro-Magnetic Faraday experiment , it will lead to the producing current 
in the secondary circuit because of the electromagnetic induction, it’s the main work process of the 
transformer. 
 Transformers can make a step-up circuit or a step-down circuit, mostly, it will be determined 
by the turns of the coils. According to the knowledge we have learned, one of the factors that will 
affect the magnitude of the resistance/impedance is the turns of the coil, the resistance will be larger 
if  there are more turns in the coil. By Ohm’s Law, the magnitude of the resistance of the coil is 
directly proportionate to magnitude of the voltage between the coil under a certain current. If you 
set up the circuit with a primary coil (more turns) and a secondary coil (fewer turns), the output 
voltage will be fewer than the input voltage, it’s a step-down circuit. Inversely, if you set up the 
circuit with a primary coil (fewer turns) and a secondary coil (more turns), the output voltage will 
be larger than the input voltage, it’s a step-up circuit.  
 Through changing the turns of the transformers, changing the input voltage of the whole 
circuit, moving away the magnetic core in the transformers, observing the change of the light bulb 



in different circuits, etc. Our physics group will study the influence that these factors make on the 
work of the transformer. 

2.Experimental Facility & Experimental Theory 
Theory 

In an ideal transformer, the electric power delivered to the secondary circuit equals the power 
supplied to the primary circuit. An ideal trans-former dissipates no power itself, and can be repre-
sented by the following equations: 

"  

"  
Rearranging the equation to find the ratio Vp/Vs shows that the current in the primary circuit de-
pends on how much current is required by the secondary circuit. This relationship can be combined 
with the relationship shown earlier between voltage and the number of turns to result in the follow-
ing. 

Experimental Facilities 
  



Transformers: 
The device that used to change the alternating voltages depends on the electromagnetic induction 
principle and measuring the impedance. An simple transformer is consisted by two coils and one 
iron core. The coil connected to the AC source is primary circuit and the other one is secondary 
circuit. When the primary circuit is connected to the AC source, it will generate electric flux on the 
iron core. So that there’s current produced in the secondary circuit.  

Wire: 
The electric line that used to conduct current. 

Alternating current power supply: 
The source that supply alternating current. 
Alternating current is the current or voltage that 
change it’s direction and magnitude in a period. 
In this experiment, using alternating current 
power supply can offer a constant magnetic field.  

 

Multimeter: 
The device can measure directing voltage, alternating voltage, directing 
current, alternating current, resistance etc.  

 
Halogen bulb:  
The bulb is full of halogen gases. In a high temperature surrounding, the sublimated 
tungsten filament  reacts with halogen gases, the cool-down tungsten will solidify 
again on the filament and reach a balanced circulation. 



3. Experiment Background & Procedure 
Background 

Transformers are used to increase or decrease AC voltages. Usage of transformers is common 
because they change voltages with relatively little loss of energy. In fact, many of the devices in 
your home, such as game systems, printers, and stereos, have transformers inside their casings or as 
part of their cords. 

How transformers work Self-inductance produces an EMF when current changes in a single 
coil. A transformer has two coils, electrically insulated from each other, but wound around the same 
iron core. One coil is called the primary coil. The other coil is called the secondary coil.When the 
primary coil is connected to a source of AC voltage, the changing current creates a changing mag-
netic field, which is carried through the core to the secondary coil. In the secondary coil, the chang-
ing field induces a varying EMF. This effect is called mutual inductance. 

The EMF induced in the secondary coil, called the secondary voltage, is proportional to the 
primary voltage. The secondary voltage also depends on the ratio of the number of turns on the sec-
ondary coil to the number of turns on the primary coil, as shown by the following expressions. 

Procedure 
1. Link up the experimental equipment according to the following circuit diagram.  

Notice that the voltage of the power supply must be appropriate in order not to damage the de-

vices. 

2. Make a fine design that applies variable controlling. Dependent variables are the voltages of 

primary bulb, secondary bulb, primary coil and secondary coil while the independent variable 

can be the voltage of the power source, the ratio of turns, cores and whether the secondary cir-

cuit is closed or not.  

3. Close the circuit and operate the experiments.  

This couple of picture shows that the only variable is the iron core. 



4. Measure voltages of each devices. Note down the turns of each coils, whether there is any core 

and whether the secondary circuit is closed or not.  

5. Do calculations in the ideal situation. Compare the calculative figure to the data and work out 

the conclusion. 

This couple of picture shows that the only variable is the ratio of turns. 

Measure the voltages of the 

following devices.

Power supply

Secondary coil Primary coil

Primary bulb
Secondary bulb



4.Data Analysis & Experiment treatment（Step-up & Step-down） 

Primary 
Bulb（red
） 7Ω

Secondary 
Bulb 
（green）
7.2Ω

Primary 
Transforme
r（red）

Secondary 
Transforme
r（green）

Power 
Source

Turns of 
PrimaryCoil
（red）

Turns
of 
Secondary 
Coil（gree
n）

① 0.7V 0.8V 3.4V 0.8V 4.2V 200 100

Cut 
Secondary 
Circuit

0.5V 3.9V 1.4V 4.2V 200 100

②（withou
t iron 
core）

2.6V 0.1V 1.6V 0.1V 4.2V 200 100

③ 1.5V 1.4V 5.0V 1.4V 6.4V 200 100

Cut 
Secondary 
Circuit

1.1V 5.7V 2.2V 6.4V 200 100

④ 2.3V 2.0V 6.5V 2.0V 8.6V 200 100

Cut 
Secondary 
Circuit

1.9V 7.6V 2.9V 8.6V 200 100

⑤ 0.1V 1.3V 17.7V 1.3V 17.7V 800 100

Cut 
Secondary 
Circuit

0.0V 17.7V 1.6V 17.7V 800 100

⑥ 0.0V 0.6V 17.7V 0.6V 17.7V 1400 100

Cut 
Secondary 
Circuit

0.0V 17.7V 0.8V 17.7V 1400 100

⑦ 0.4V 2.4V 17.1V 2.4V 17.6V 800 400

Cut 
Secondary 
Circuit

0.0V 17.7V 7.3V 17.6V 800 400

⑧ 0.0V 0.9V 17.7V 0.9V 17.7V 1400 400

Primary 
Bulb 
（green）
7.2Ω

Secondary 
Bulb（red
） 7Ω

Primary 
Transforme
r（green）

Secondary 
Transforme
r（red）

Power 
Source

Turns of 
PrimaryCoil
（green）

Turns
of 
Secondary 
Coil（red）

⑨ 1.5V 0.1V 0.4V 0.1V 2.1V 100 200

Cut 
Secondary 
Circuit

1.3V 1.0V 1.9V 2.1V 100 200

⑩ 1.9V 0.1V 5.0V 0.1V 6.3V 400 800



After this experiment, we understand that because of induction, there will always has some voltage 
in the secondary coil, no matter there is a device connected to it. The principle, however, is that the 
current through the primary coil could produce a magnetic field. Because of the presence of the 
iron, it will magnify the effect of the mutual inductance. Thus, self-inductance is restrained and 
more emf will be in the secondary coil. Ideally, the relationship between the voltage of the primary 
coil and that of the secondary coil is dependent on the ratio of number of turns. If the number of 
turns in the secondary coil is greater than that of the primary coil, this is called a step-up trans-
former, and it will increase the voltage and decrease the current from the primary circuit. But if the 
primary coil’s number of turns is greater than that of the secondary coil, the transformer will be 
called step-down transformer, that is, the voltage will be diminished and the current will be im-
proved. But actually, because of the influence caused by self-inductance, the impedance will reduce 
the voltage in the secondary coil since the magnetic flux is dissipated. 

Error Analysis 
 There are mainly two errors in our forth experiment of transformers, the experiment which 
investigate the  factors that will affect the work of transformers. They are both system errors. 
 The first error happened in the eighth group of the experiment that the transformer is used to 
decrease AC voltages. The ratio of Vp/Vs and the the ratio of coil turns are not the same. As we 
mention before in the theory parts , in an ideal transformer, the electric power delivered to the sec-
ondary circuit equals the power supplied to the primary circuit. An ideal trans-former dissipates no 

power itself, and can be represented by the following equations: " " . Rearranging 
the equation to find the ratio Vp/Vs shows that the current in the primary circuit depends on how 
much current is required by the secondary circuit. This relationship can be combined with the rela-
tionship shown earlier between emf and the number of turns to result in the following. However, in 
our experiment we didn’t use an ideal transformer. Also the error we made is because of the follow-
ing reasons: First, the ratio of number of turns is the same as the ratio of emf, but the ratio we mea-
sured is the ratio of voltage which is not the same as the ratio of emf. Secondly , the power supply 
we used will have a large internal resistance, so it will exert a part of voltage which can surely af-
fect the ratio of emf. In this case this error is inevitable in our experiment. 
 The second error takes place in the ninth and tenth group of the experiment that the trans-
former is used to increase AC voltages. We can see that the situation when  
the secondary circuit has not been cut, the AC voltages decrease. Also the ratio of number of turns 
is not the same as the ratio of emf, they are not even in direct proportion. The error we made in this 
group is because of the following reasons: First, the two circuits will have self-inductance and mu-
tual-inductance when they are connected. However, in this experiment, the secondary circuit will 
exert more on mutual-inductance. In this case the system will have this error inevitably. Secondly, 
because the secondary circuit is connected, so the whole circuit is just like a large impedance which 
can separate part of the emf and cause the emf of the transformer decrease. 

Cut 
Secondary 
Circuit

0.0V 6.4V 12.1V 6.3V 400 800

Primary 
Bulb 
（green）
7.2Ω

Secondary 
Bulb（red
） 7Ω

Primary 
Transforme
r（green）

Secondary 
Transforme
r（red）

Power 
Source

Turns of 
PrimaryCoil
（green）

Turns
of 
Secondary 
Coil（red）



 These are the system errors in our forth experiment. 

4.1.Experiment Research 
 We use control variate method in this experiment, through the research of the resuming main 
factors that affect the work of the transformers—the turns of the coils (the ratio of the turns of 
primary and secondary coils), the iron bar in the transformer, the magnitude of the supply source, 
the work of the secondary circuit and the mode of the whole transformer (step-down or step-up 
circuits), to make sure the relationship between these factors and the work of the transformer. 

· When the turns of the primary/secondary coil and other factors are certain, vary the turns of the 
secondary/primary coil, then continue the experiment. 

·When the other factors are certain, take away the iron bar in the transformer, then continue the 
experiment. 

·When the other factors are certain, vary the magnitudes of the supply source, then continue the 
experiment. 

·When the other factors are certain, cut the secondary circuit, then continue the experiment. 

·Step-down circuit: the turns of the primary coil is more than the secondary coil. 

·Step-up circuit: the turns of the secondary circuit is more than the primary coil. 

4.2.Effect of the turns of the coils on the transformer 
 In the original state, when the other factors are certain, vary the magnitude of the ratio of the 
turns of the primary and secondary coils. We measure the voltage of the primary and secondary 
bulbs & the voltage of the primary and secondary coils. We found that the relationship between the 
voltage of the primary and secondary transformers is directly proportionate to the relationship 
between the turns of the primary and secondary coils. EG. if the turns of the primary coils is more 
than the turns of the secondary coils, the voltage of the primary transformer is higher than the 
voltage of the secondary transformer. (most data) 

independent variable: the ratio of the turns of the coil 
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30

2/1 8/1 14/1

the ratio of primary coil’s voltage and secondary coil’s voltage
the ratio of primary coil’s voltage and secondary coil’s voltage when the secondary circuit is switched off



·when the voltage is higher, the impedance of the coil must increased so that the circuit can operate 
properly, so the voltage is directly proportionate to the turns of the coil. 

·Equation: Ψ=LI=NΦ 
Ψ:magnetic flux linkage  
N：turns of the coil 
Φ：average magnetic flux 
L:self-inductance coefficient 
I：current in the circuit 

4.3.Effect of the iron bar in the transformer  
 In the original state, when the other factors are certain, compare the situation of the 
transformer with iron bar and the transformer without the iron bar. When we take away the iron bar 
in the transformer, we found that the voltage of the primary and secondary transformers decreased a 
lot. It shows that, with the help of the iron bar, the magnetic field of the circuit enhanced, improve 
the efficient of the transformer, so the voltage decreased when the iron bar was taken. 
 

4.4.Effect of the supply source on the transformer 
 In the original state, when the other factors are certain, vary the magnitude of the supply 
source. According to the data we collect, the magnitude of the supply source won’t affect the 
efficient of the transformer. 

4.5.Effect of the work of the secondary circuit on the  transformer 
 In the original state, when the other factors are certain. When we cut the secondary circuit, 
the voltage of the primary and secondary transformers increased. Since the primary transformer get 
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more voltage from the supply source, the secondary transformer get more voltage from the 
secondary bulb. 

Phenomenon： 
 During the process of the experiment, we found that when the secondary circuit is 
connected, the primary bulb will be brighter. Through our research of the theory and transformers, 
we try to figure out the reason. 

Explanation: 
When the secondary circuit is connected, the primary bulb became brighter.  According to the 
electromagnetic induction, the power supply give current in the primary circuit, the electricity 
produce magnetism, when the electricity change in the primary circuit, self inductance of the 
primary circuit can explain the change of the magnetic field and produce magnetic flux, it will 
affect the secondary circuit and the magnetism will produce current in the secondary circuit, as the 
same theory, the secondary circuit will have it’s self inductance, then the current will be enhanced 
in the primary circuit and decreased the impedance in the primary circuit, that’s the process of 
mutual inductance, the bulb becomes brighter. 

·Equation: Ψ=LI=NΦ 
Ψ:magnetic flux linkage  
N：turns of the coil 
Φ：average magnetic flux 
L:self-inductance coefficient 
I：current in the circuit 

Φ21=M21*I1 
Φ12=M12*I2  
M:mutual-inductance coefficient 

5.Conclusion 
 According to the research given above, the theory has been successfully drawn by us. First of 
all, we all get the point that because of induction, there will always has some voltage in the sec-
ondary coil, no matter there is a device connected to it. That is, alternated magnetic field could 
bring alternated electric current and vise versa. The principle, however, is that the current through 
the primary coil is able to produce a magnetic field. Because of the presence of the iron bar, the ef-
fect of the mutual inductance will be magnified. Thus, it restrain the self-inductance and more emf 
will be in the secondary coil. Ideally, the relationship between the voltage of the primary coil and 
that of the secondary coil depends on the ratio of number of turns. If the number of turns in the sec-
ondary coil is greater, it will called a step-up transformer, and it can improve the voltage and de-
crease the current from the primary circuit. But if the primary coil’s number of turns is greater, the 
transformer will be named a step-down transformer which means the voltage will be reduced and 
the current will be increased. But in fact, since the influence is caused by self-inductance, the im-
pedance will diminish the voltage in the secondary coil because the magnetic flux is dissipated. De-
spite the transformer, as for the instance of the launch system of the coils, magnetic field is widely 
utilized. As the content says, alternated electric current will produce a magnetic field. Thus, the coil 
is made up to two poles, and the object to be thrust is magnetized. Because of the relatively strong 
repulsive force, the object will be exerted a huge amount of force to be accelerated, and the conse-



quence is, obviously, it will be shoot and travel with high velocity. 
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