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Abstract 

Wireless power transfer is rapidly becoming more integrated with consumer electronics. This 
study is focused on understanding the relationship between induced emf and distance of resonate 
inductance in 8” by4” oval copper hoops. It is suggested that application of this research 
included the potential supply of wireless power through water-tight sealed electronics. 
Conclusions are drawn about the resonant induction observed as well as possible paths to pursue 
additional research. 

 

Resonant	  inductive	  coupling	  powering	  an	  LED	  
wirelessly	  Figure	  1	  
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Introduction 

The objective of this work is to 
present a validated relationship between 
induced potential and coil distance relating 
to resonant induction.  Insights gained from 
an understanding of resonant coupling 
power transfer could lead to advances in 
areas such as medical implants, robotics, 
underwater electronics, and in the aerospace 
industry [2]. The ability to transfer power 
wirelessly is rapidly gaining more and more 
of a spotlight in the mobile technology 
industry. Companies like PowerMat, IPAN 
IPAN, PowerKiss, and Energizer design 
products to charge smartphones by placing 
the mobile device on a surface in a coffee 
shop, airport, restaurant or even an 
automobile.  

The work described in this paper is 
motivated by the potential application of 
resonant inductance as a means to wirelessly 
transmit power to isolated electronics. The 
ability to charge batteries without any 
exposure of the terminals is of great 
convince for electronic devices that are not, 
or should not be easily accessible. Instead of 
water-tight seals for underwater electronics, 
the entire electronic instrument could be 

completely sealed as batteries are charged, 
preventing the risk of faulty seals in 
underwater applications. The work 
presented in this paper could provide 
understanding to the limitations of power 
transfer through resonant inductive 
coupling. 

Inductance is a well understood 
method of wireless power transfer [2]. When 
it is said that a circuit has inductance, what 
is meant is that Faraday’s law plays a role in 
the circuit when the current changes in time 
[4]. Faraday’s law defines that the electronic 
circulation (or Voltage) around a closed loop 
is proportional to the negative time 
derivative of the magnetic flux (Φ) through 
the loop [3]. 

∈= −
!Φ!

!"  

 To summarize, Faradays law describes the 
relationship between induced voltage and 
the change of magnetic flux passing through 
the coil. Magnetic flux is physically 
understood as the volume of magnetic field 
passing through a closed area at any given 
time. This is precisely what explains the 
induced potential on the secondary coil. 
According to Cannon 2009, the source coil 
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produces a sinusoidally varying magnetic 
field, when this varying magnetic field 
passes through the secondary coil it induces 
a voltage on the secondary coil that can be 
applied to power a load connected to the 
secondary coil [2]. 

This mechanism for transferring power is 
commonly used in transformers, where the 
magnetic flux is very efficiently passed 
through a core to the second coil. Instead of 
using such a core, this work focuses on the 
application of using air as the medium 
through which a varying magnetic field 
passes.  

Research on power transfer through the air 
has concluded that resonant induction of a 
coil pair greatly increases the efficiency at 
which magnetic flux from the primary coil 
couples with the secondary coil. Resonant 
inductance refers to when both the coils are 
resonating at the same frequency. Research 
[1] has shown that when both the primary 
and secondary coils are resonating at the 
same frequency power can be transferred 
efficiently with 40-50% source power 
delivered to the load. 

 

Methods 

To begin, each coil was created by wrapping 
coated copper wire 35 times around an eight 
inch by four inch cardboard rectangle. It is 
essential that each coil be as similar in 
dimensions and number of turns so that the 
inherent inductance of each will be 
approximately equal. The coils were 
wrapped such that the beginning and end of 

the wire segment were in close proximity 
near the bottom of the oval-shaped coil. 

To enable resonant inductive coupling, it is 
common practice to add a capacitor in 
parallel with each coil to make both coils 
operate at a resonant frequency defined by: 

!!,! = 2!" =
1
!"!,!

      (1) 

Where the frequency f is resonate frequency 
in hertz, L is the inductance of a coil 
measured in henry, and C is capacitance 
measured in farad [3].  It was measured that 
the inductance (L) of the primary coil was 
.253 mH; the inductance of the secondary 
coil was .256 mH. I decided to use a driving 
frequency of 750 KHz and solved equation 
(1) to know a reasonable capacitance 
(1.5pF) to add to each coil. For detail on 
how these values were determined sufficient 
see attached appendix.  

 

 

The driving signal was set as shown in the 
circuit schematic Figure 2, using an 
oscilloscope to measure the signal frequency 
of the secondary coil it was confirmed that 
resonant coupling was achieved. Primary 
coil was driving at 750 KHz and secondary 
coil was resonating between 751.9 and 746.3 
KHz. 

	  

Primary	  and	  secondary	  coil	  circuit	  schematic	  Figure	  2	  
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This result shown in Figure 3 is acceptable 
provided capacitor tolerance of 10% and 
capacitor selection of 1.5pF. 

The final setup of the experiment is shown 
in Figure 3. Care was applied to insure that 
the conductive ruler shown made no contact 
with the copper coils. All measured data was 
taken when the coils were in contact with 
only the coil apparatus and the air 
surrounding them. 

 

 

Results 

Induced voltage and resonant 
frequency were observed at distances 
ranging from 2cm to 32 cm while increasing 
the distance between the coils in .5 cm 
increments Figure 5. The same were 
measured at distances from 40cm down to 
2cm while decreasing the distance between 
the coils in .5cm increments Figure 6.
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Secondary	  coil	  resonant	  wave	  form	  Figure	  3	  

Instrument	  setup	  apparatus	  Figure	  4	  

Induced	  potential	  on	  secondary	  coil	  where	  instrument	  measurements	  were	  
gathered	  at	  0.5cm	  increments	  starting	  close	  and	  moving	  apart	  Figure	  5.	  
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Discussion/Investigation of results 

Upon reviewing the data, it was 
curious as to why there appeared to be a 
knee bend in the both experiment’s data 
around a coil separation distance of 17 cm. 
To discover the cause of this abnormality I 
visited with experts to look for possible 
avenues to determine causality. Magnetic 
field mapping was researched in an attempt 
to relate the abnormality to the dimensions 
of the coil, or the strength of the magnetic 
field. The data was viewed on a logarithmic 
scale to search for !

!!
 trends. It was 

discovered that the data at coil distance 
17cm to 40cm followed a clear trend 
represented on a logarithmic scale and 
revealed that the induced voltage related to 
distance roughly as ! = !

!!.!"
  for moving 

together data and  ! = !
!!.!"

 for moving apart 
data. 

 

Conclusions 

It was not until experiment notes 
were reviewed that the cause of the 
abnormal data was discovered. It was the 
LED. At a coil separation distance of 16.5 
cm the LED turned on, fundamentally 
changing the impedance of the secondary 
coil circuit.  

 Although the LED disrupted data 
collection, its presence returned interesting 
data to understand the amount of power 
transfer that occurred. Examining the signal 
waveform shown in Figure 3, it was decided 
to search the reason for the dampened peaks. 
As a means of comparison, a theoretical 
waveform was superimposed to reflect the 
ideal signal Figure 7. The difference in the 
area under the waveform represents the 
power used by the LED. This is significant 
because the high frequency coupling of the 
magnetic field made it extremely difficult to 
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Induced	  potential	  on	  secondary	  coil	  where	  instrument	  measurements	  were	  
gathered	  at	  0.5cm	  increments	  starting	  far	  apart	  and	  moving	  closer	  Figure	  6	  
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measure the current in the secondary coil. 

 

 

 

Inductive coupling through coil 
resonance was observed. The data gathered 
suggests a relationship between induced emf 
and coil separation distance. In essence, this 
work focused on understanding how the 
volume of magnetic flux transferred through 
the secondary coil changes with distance 
between the two coils varies. This 
relationship was studied through observing 
the induced emf on a secondary coil at 
variable distances. Two experiments were 
run to gather coil separation data. While it 
was established that there was resonant 
coupling and that there was enough power to 
drive LED, more work needs to be done 

studying a linear load on the secondary coil 
so that actual power transfer could be 
measured [5]. 
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Same	  waveform	  as	  in	  Figure	  3,	  with	  assumed	  ideal	  wave	  
superimposed	  for	  comparison	  of	  LED	  signal	  effects.	  
Figure	  7	  
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Appendix	  

List	  of	  Materials:	  Cost	  $22.50	  USD	  (not	  including	  purchase	  of	  oscilloscope)	  

1. 100	  ft.	  coated	  32	  gauge	  copper	  wire	  
2. 2	  Non-‐polarized	  capacitors.	  
3. 1	  LED	  white	  
4. Oscilloscope	  
5. Signal	  generator	  
6. Coil	  apparatus	  
7. Ruler	  
8. Wire	  clamps	  or	  Solder	  and	  Soldering	  iron.	  

	  

Math	  used	  to	  determine	  circuit	  capacitors	  reach	  resonant	  coupling:	  

! = 2!" =
1
!"
    (1)  	  

!"#$%&'  !"#  !  	  

! =
1

! ∗ (2!")!
  (1.1)	  

!"#$%"%&'(  !"#$%&"'  !"#$%&  !"#  !  !"#  !"#$%  !"#$%  !	  

!"#$%"&  !"#$	  

!! =
1

. 256!" ∗ (2! ∗ 750!"#)!
	  

!! = !.!"#$"  !"	  

	  

!"#$%&'()  !"#$	  

!! =
1

. 253!" ∗ (2! ∗ 750!"#)!
	  

!! = !.!!""#  !"	  
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