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Imagine a future when you can charge a device without plugging it in.  The furture is now. 

Research Question:  

How does the thickness of wire coils in a wireless electricity circuit affect the voltage of 
electricity transmitted? 
 

Background:  
Magnetic fields are used to transfer power between the primary and secondary coils. The 
primary coil creates a changing magnetic field, when another coil is placed near it a current will 
be induced into it by Lenz’s Law.  When alternating current runs through a wire it creates a 
changing magnetic field. This magnetic field wraps around the conductor relative to the 
direction of flow of electricity.  If a second conducting wire is brought close to the changing 
magnetic field intersects it a current is induced in the second wire. 
 

Methodology:  
The construction of the circuit can be seen in Figure 1. The primary and secondary coils were 
created with copper wire. For this experiment, four coils were created, using 0.4mm and 1mm 
diameter wire for both the primary and secondary circuit. The primary coil was created by 
inserting the transistor, capacitor, wire coil, LED, function generator cables and power supply 
into a breadboard. The secondary coil was created by soldering the 0.02uF capacitor and one 
LED in parallel with the coil. 

The experimental setup is shown in Figure 2. To suspend the secondary coil over the primary 
coil, a pulley system was attached to a retort stand with a boss head and clamp. Two 
multimeters were set up on the circuit, attached to the primary and secondary coil. To begin, 
the secondary coil was placed within the primary coil at a 0mm distance and the circuit was 
started with the power supply set to 8V. The voltages on the primary and secondary coils were 
recorded using the multimeters. This was then repeated with the secondary coil being raised in 
10mm increments, until no voltage was detected on the secondary coil. The experiment was 
repeated for all four combinations of wire thickness. 

 
Data:  

Distance (mm) Thin-Thin (V) Thin-Thick (V) Thick-Thin (V) Thick-Thick (V) 

0 0.146 0.112 0.250 0.210 

10 0.115 0.089 0.217 0.150 

20 0.090 0.057 0.129 0.100 

30 0.057 0.040 0.082 0.074 

40 0.035 0.023 0.064 0.053 

50 0.024 0.015 0.048 0.034 

60 0.017 0.012 0.026 0.020 

70 0.012 0.007 0.021 0.015 

80 0.008 0.004 0.016 0.011 

90 0.006 0.003 0.009 0.008 

100 0.004 0.001 0.007 0.005 

120 0.002 0 0.003 0.003 

140 0.001 0 0.002 0.001 
 

 
 
Analysis: 
Graph 1 below details a comparison of the voltage in the secondary coil with various coil 
configurations over distance with a fixed voltage of 8 Volts in the primary coil. 

 
Evaluation: 
In an electrical circuit, resonance occurs at a particular frequency when the inductive reactance and 
the capacitive reactance are of equal magnitude, causing electrical energy to oscillate between the 
magnetic field of the inductor and the electric field of the capacitor. This is the maximum efficiency 
of the circuit. 
Resonance occurs because the collapsing magnetic field of the inductor generates an electric 
current in its windings that charges the capacitor and the discharging capacitor provides an electric 
current that builds the magnetic field in the inductor, and the process is repeated. An analogy is a 
mechanical pendulum. 
The resonant frequency formula is given by: 

𝑓𝑟𝑒𝑞𝑢𝑒𝑛𝑐𝑦(𝑓) =  
1

2𝜋√𝐼𝑛𝑑𝑢𝑐𝑡𝑎𝑛𝑐𝑒(𝐿)𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑎𝑛𝑐𝑒(𝐶)
 

 

This experiment uses a frequency of 147.7 kHz and a capacitor of 0.02µF 
Rearranging the formulas to find the calculated value of inductance for this circuit. 

𝐿 =
(

1
2𝜋147.5𝑘𝐻𝑧

)

0.02𝑥10−6

2

 

 
𝐿 = 58 𝑀𝑖𝑐𝑟𝑜 𝐻𝑒𝑛𝑟𝑖𝑒𝑠  

 
Conclusion: 
The experiment showed that the ideal combination for wireless electricity transfer is a thicker wire 
in the primary coil and a thinner wire in the second coil.  
 
Applications: 
There are many applications for research regarding wireless electricity, especially in the emerging 
technologies industry. The main application is the ability to facilitate wireless charging of devices, a 
concept that already exists in some pieces of technology today. The results of this experiment could 
be applied to help improve the efficiency of our current wireless charging technologies. 
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