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Abstract 

For my second semester ASR project, I built an induction charger for a cellphone.  The charger 
will be able to charge all microUSB compatible cellphones through induction.  The project is 
composed of two parts: the charging pad containing the transmitting coil and the receiving 
induction coil that will be attached to the phone.  In simplest terms, the charger works by passing 
alternating current through the transmitting coil, which then leads to current flowing through a 
nearby receiving coil that will charge the phone.  I was ultimately able to make this induction 
charger charge my phone.   



I. Introduction 

Why Build an Induction Charger? 

The main reason I want to pursue this idea is because I think the added convenience of an 
induction charger is something that would help me greatly. 	  Through this project, I hope to gain a 
better understanding of how wireless charging works, and also learn how to optimize a product 
for efficiency.  In addition, since this is a consumer product, I want to make the charger user-
friendly.  I hope to gain a better understanding of how to design a product for a consumer and 
design the product assuming that the user knows nothing about how the charger works.  I will 
make it as user-friendly as possible while not sacrificing any efficiency or power.  I originally 
got the idea for this project from the ASR website’s ideas section.   

History of Wireless Power 

Inductive transfer of power has existed since the early 1800s, when the transformer was 
developed.  One of the first examples of inductive power was when Nicholas Callan was able to 
induce voltage in a secondary coil by powering the primary coil with a battery.  Since batteries 
produce direct current, he used an interrupter that regularly stopped the current to create changes 
in the magnetic flux.  In doing so, he was able to induce voltage in the secondary coil and create 
one of the first transformers. [1]   

Once more efficient generators of alternating current were produced, people could 
inductively transfer power to higher voltage without any need for an interrupter.  By the 1870s, 
engineers could use alternating current for wireless power making the process simpler. [2]  
Around the beginning of the 20th century, Nikola Tesla began experimenting with wireless 
power.  He used a process known as resonant inductive coupling that is used for longer distance 
induction charging today.  Tesla tuned the receiving circuit and the transmitting circuit to 
resonate at the same frequency.  The receiving coil is able to pick up much of the energy from 
the oscillating magnetic field created by the transmitting coil.  Tesla used induction to step 
voltage up by building a transformer.   

 

Figure 1. A basic transformer that uses low voltage on the primary side to achieve higher 
voltage on the secondary side. [3] 



Tesla used fewer coils and lower voltage on the primary side in order to get higher 
voltage by using more coils on the secondary side.  This concept is seen in Lenz’s Law, N1/V1 = 
N2/V2.  The ratio of the number of coils to the voltage must be the same because of conservation 
of energy.  The voltage on the secondary side is higher because energy is conserved and power 
(P = I * V) must stay the same.  Current decreases from the primary to the secondary side and the 
voltage increases so that the ratios stay the same.  As a result, Tesla was able to create Tesla coils 
that could induce higher voltages over short distances without wires. [3] 

Today’s induction chargers mainly use resonant inductive coupling or the inductive 
coupling method that I am using in this project.  Most chargers for handheld and household 
devices use the inductive coupling method because it is more efficient and suitable for smaller 
tasks.  However, when charging medical devices inside bodies or public transportation, resonant 
inductive coupling is usually used. [4]  

Advantages of Induction Charging 

The main advantage of induction charging is convenience for the user.  Since induction 
charging is wireless, the user does not have to worry about connecting any cables to the device.  
This reduces the likelihood of the user accidentally not charging his or her phone as a result of a 
cable malfunctioning or the user forgetting to plug in the phone.  Since there are no exposed 
wires, induction chargers are more durable than wired chargers that undergo more wear and tear 
over long periods of time.  Induction charging also removes the risk of being electrocuted while 
charging your phone or device. [5] 

Disadvantages of Induction Charging 

While induction charging is more convenient than wired charging, induction charging 
sacrifices convenience for efficiency.  The process of inducing an electromagnetic field in the 
receiving coil causes some loss of power, resulting in lower efficiency.  As a result of this 
inefficiency, it takes longer to charge a device with an induction charger than it does with a 
normal wired charger.  Induction chargers are also usually more expensive than wired chargers 
as phones need to be optimized for wireless charging or have a special case for induction 
charging. [5] 

Future of Wireless Charging 

As wireless charging becomes more efficient and cheaper, more handheld devices will 
support wireless charging because of the added convenience it provides.  Aside from charging 
personal devices, wireless charging is also starting to be utilized by countries such as England 
and South Korea to power electric buses. [6] [7] Transmitting plates with coils inside of them 
were placed underneath the bus routes, while a receiving coil was placed inside the bus.  Another 
method of doing this is by placing rods that act as conductors underground.  The rods create a 
magnetic field that induces voltage in the receiving coil in the bus that is hooked up to the bus 
battery. [8]  Induction charging makes fully electric buses more feasible because the buses can 
charge while traveling along the route instead of having to stop and charge at a charging station.  
Electric car makers are also looking into the powers of induction charging because it would 
allow drivers to drive around without having to find a charging station.   



II. Design 

I chose this design because it was the best combination of functionality and user-
friendliness.  In terms of convenience, this design allows the user to easily place the phone on the 
charger.  I considered other designs, such as a cylindrical charger, but I didn’t think the added 
functionality was worth the cost to convenience or vice versa.  In the case of the cylindrical 
design, I would have been able to take advantage of a stronger magnetic field by placing the 
receiving coil in the center of the transmitting coil.  However, the whole point of using an 
induction charger is its convenience, so making the charger harder to use would be 
counterproductive.  As a result, I decided to use this pad design.  In my design, I made the top 
open so that the interior is still accessible.  I also created a hole on the side of the charger to 
connect the charger to a variable transformer which served as my power source since it allowed 
me to go up to higher voltages.  I had to make sure the charger was big enough for my phone and 
any other reasonably sized phone that needed to be charged.  I made the design 10 inches by 8 
inches by 4 inches so that I would have enough space for the phone to be placed on the charging 
pad.  The transmitting coil is oriented so that the magnetic field points up towards the top end of 
the box, where the phone and receiving coil will be placed.   

 

CAD Drawings 

 

Figure 2. Side view of the charging pad. The hole on the bottom left is where the charging pad 
will be connected to the variable transformer.   



 

Figure 3. Bottom view of the charging pad.  

 

 

Figure 4. Another bottom view of the charging pad. 

 



The Circuit 

The first prototype was very simple as the goal was to see if I could induce voltage in a 
receiving coil.  The setup for this prototype was essentially the same as the setup Faraday used 
when he discovered Faraday’s Law (see Figure 7 in Theory section).  I used an AC power supply 
to power a transmitting coil.  I then set up a receiving coil that lined up with the transmitting coil 
and used a multimeter to see if there was any voltage being induced in the receiving coil.  The 
alternating current in the transmitting coil creates a changing magnetic field that induces the 
voltage in the receiving coil.  This voltage is then measured by the multimeter.   

 

Figure 5. Circuit diagram of my first prototype. The coil on the left is the transmitting coil and is 
attached to an AC power supply. The coil on the right is the receiving coil and is attached to a 

voltmeter.  

The circuit for my final product is different because the phone has specific requirements 
for what it will pick up for charging.  One of these requirements is that the output from the 
receiving coil must be DC and a minimum of about 5 volts.  As a result, a full wave bridge 
rectifier was needed to convert the AC output to DC.  This had a slight negative effect on the 
efficiency of the charger because there is a 1.4 volt drop when current flows through the bridge 
rectifier.  The current has to flow through two diodes, so there are two .7 volt drops during each 
half cycle.  In addition to creating the bridge rectifier, I also had to add a smoothing capacitor 
that would smooth out the resulting output from the receiving coil.  The phone would only pick 
up a flat output, so the smoothing capacitor was needed to smooth out the positive humps that 
were outputted by the receiving coil after the current flowed through the bridge rectifier (see 
Results for graphs).  Finally, a 2000 ohm resistor was needed to discharge the capacitor.   

Another difference between the prototype and the final product was the difference in the 
number of loops between the transmitting and receiving coils.  I tested many different coils and 
found that there had to be enough coils in the transmitting coil so that the coil did not overheat 
and that I would not blow the variable transformer’s fuse, while also having few enough coils to 
induce enough voltage in the receiving coil to reach the 5 volt minimum needed to charge the 
phone.  After finding that most of the transmitting coils tested were overheating, I added more 
coils to the transmitting coil.  Since Lenz’s Law states that N1/V1 = N2/V2, the increased number 
of coils in the transmitting coils needed a corresponding increase in coils in the receiving coil in 
order to reach the 5 volt minimum.  Once more coils were added to both coils, the transmitting 



coil was able to handle much higher voltage without overheating and also induce more voltage in 
the receiving coil.  

 

Figure 6. The final circuit used in the induction charger. 

 

 

III. Theory 

Magnetic Field of a Solenoid 

The formula for the magnetic field inside a solenoid is given by the equation B = 
µ0(I*N/L).  The initial magnetic field equals a constant (µ0) multiplied by current (I) times the 
number of turns per length of the solenoid (N) divided by the length (L) of the solenoid. 

The magnetic field over time can then be found, since I will know or be able to measure 
the variables in the equation above.  The magnetic field can be found with the equation B(t) = Bo 
sin(ωt).  As a result, I know Bo in the equation below that will allow me to find the magnetic 
field.  I used an AC power supply for my prototype, but I used a variable transformer for the 
final product, so the frequency would be 60 Hz.  Since I know this, ω would equal 120π because 
ω/(2π) = frequency.   

Magnetic Flux 

The magnetic flux is found with the equation Φ = B*A.  By using the equation from 
Figure 2 to find the magnetic field, I can calculate the magnetic flux since I will know the area 
perpendicular to the magnetic field.  In my induction charger, the area will be πr2 because I will 
be using a circular coil.  I will also know the exact radius of my coil, so I will be able to calculate 
an exact area.  	  

Faraday’s Law 

A change in the magnetic flux causes voltage to be induced in the receiving coil.  In my 
induction charger, the change in the flux will be caused by alternating current from the power 



source.  Faraday’s Law, Ɛ = -N(dΦB/dt), explains how the voltage induced in the receiving coil is 
directly related to the rate of change of the flux through the coil. [11]  In Faraday’s Law, dΦ 
denotes the change in magnetic flux and dt is the change in time.  Ɛ is the induced voltage and N 
is the number of turns in the transmitting coil.  Below is a diagram of the experimental setup 
Faraday used to create Faraday’s Law.   

 

Figure 7. Experimental setup Faraday used to discover Faraday’s Law.  The iron in the 
experimental setup serves to strengthen the magnetic field created by the first coil on the left.  
Faraday was able to induce voltage in the second coil on the right which is connected to an 

ammeter to measure the current.  The battery sends voltage through the first coil and the switch 
controls when that circuit induces voltage in the second coil or not.  [12] 

Lenz’s Law 

The negative sign in Faraday’s Law of Induction is due to Lenz’s Law.  Lenz’s Law 
states that the direction of the induced magnetic field will oppose the original change in the 
magnetic field that produced the induced magnetic field.  This opposition occurs in order to try 
to keep the magnetic flux constant. [13] 

Bridge Rectifier 

The bridge rectifier works by having two pairs of diodes that are in series during each 
half cycle of the alternating current.  In the first half cycle seen in Figure 8, D1 and D2 work in 
series as the positive current flows through the load.   



 

Figure 8. One half cycle of the bridge rectifier. [14] 

As seen in Figure 9, the polarity at the input does not affect the polarity of the output in 
the load.  The only difference is that D3 and D4 are now working in series.  Since the polarity of 
the output remains the same regardless of the polarity of the input, the output on the oscilloscope 
would just be positive humps as the negative values would be reflected over the x-axis.   

 

Figure 9. The opposite half cycle of the bridge rectifier. [14] 

 

The Smoothing Capacitor 

 The smoothing capacitor is needed to smooth out the output from the bridge rectifier.  
The bridge rectifier outputs positive humps (see Figure 12), but the phone will only charge if it 
picks up a flat signal.  The capacitor is able to smooth out the signal by charging from 0 to the 
top of the waveform and discharging from the top of the waveform to 0.  By doing this, the 
capacitor is able to flatten out the signal.   



 

Figure 10. The signal is smoothed out by the capacitor since the capacitor charges and 
discharges while the signal fluctuates. 

In order to calculate the capacitance needed for the smoothing capacitor in the circuit, I 
used the formula Q = V*C.  Assuming the current was 1 amp and the time for one cycle was 
1/60 seconds, the charge (Q) was 1/60 coulombs because charge equals current times time.  As a 
result, to obtain 5 volts, the capacitance needed was 3000 microfarads.  The capacitor used in the 
final product was 4700 microfarads and could handle up to 50 volts.    

RC Time Constant 

The RC time constant is given by multiplying R*C.  The capacitor used was .0047 farads 
and the resistor used was 2000 ohms.  As a result, the RC time constant was 9.4 seconds.  This 
means that it will take about 9.4 seconds for the capacitor to discharge to its original value 
divided by e because V(t) = V0(e –t / τ ).  If τ is 9.4, then at t = 9.4 seconds, V(9.4) will equal V0/e.   

IV. Results 

The transmitting coil was able to induce enough voltage in the receiving coil for the 
phone to charge.  It was previously determined that the phone required 5 volts and for the output 
of the receiving coil to be DC.  Figure 11 shows the induced voltage without the bridge rectifier 
or the smoothing capacitor.  This wave shows the AC output from the receiving coil.   



 

Figure 11. The oscilloscope output of the induced voltage in the receiving coil.  

Figure 12 shows the output from the receiving coil after the current flowed through the 
bridge rectifier.  There are only positive humps because the bridge rectifier reflects the negative 
values over the x-axis.  To obtain this output, more input voltage from the variable transformer 
was needed because the bridge rectifier leads to a 1.4 volt drop in the receiving coil.   

 



Figure 12. The oscilloscope output of the induced voltage in the receiving coil after flowing 
through the bridge rectifier. 

Finally, Figure 13 shows the output from the receiving coil after the smoothing capacitor 
was added to the circuit.  This is a flat line because the smoothing capacitor flattened out the 
signal by charging and discharging while the signal fluctuated.  This was ultimately the output 
that was able to charge my phone as it reached the requirements of being a smooth, DC output of 
at least 5 volts.   

 

Figure 13. The oscilloscope output of the induced voltage in the receiving coil after flowing 
through the bridge rectifier with the smoothing capacitor.   

Efficiency 

It took 44.5 volts from the variable transformer to induce 5 volts in the receiving coil.  
This resulted in an efficiency of 5 volts/44.5 volts or 11.24% efficiency.   
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