
6.200 - Lecture 26 

Coupled Resonators
• Transformers
• Resonators
• Coupled Resonators
• Tesla Coil
• Wireless Power Xfer



Transformer Summary

A transformer is a pair (or more) of 
magnetically-coupled inductors.



Two Poorly-Coupled Transformers

Tesla
Coil

Wireless Power Transfer



The resistors protect the transformer, which charges
the capacitor (+/-) at 120 Hz. When the capacitor
voltage gets high enough, the spark gap sparks,
and becomes a short allowing the LC resonator to
oscillate, driving the rest of the Tesla coil.

Demo: Tesla Coil

The Tesla Coil employs two coupled resonators,
with both resonators tuned to the same frequency.



Demo: Tesla Coil



Demo: Key Design Features

• The use of a coreless transformer 
prevents core loss and arcing to the core, 
and aids in achieving a low coupling factor

• The dome is smoothed to prevent 
premature breakdown, and sized for a 
small secondary capacitance

• The secondary winding geometry results 
in a high inductance, while using a single 
layer to prevent turn-to-turn breakdown

• The primary winding geometry results in a 
low inductance and a low coupling factor

• The primary capacitance is large
• The primary and secondary resonance 

frequencies are tuned to be equal
• The driving step-up transformer provides  

6 kV rms, and recharges the primary 
capacitor twice per mains cycle.



Tesla Coil Circuit Design



Tesla Coil Analysis



Coupled Resonator Simulation
C1 = 1 F ; C2 = 1/9 F ; L1 = 1 H ; L2 = 9 H ; k = 0.1



Wireless Power Transfer

Witricity & Google Images



17 cm

Wireless Power Transfer



Wireless Power Transfer Approach



Matching Network



Demo



What Comes After 6.200?

• Labs:
‒ 6.204 [6.101]  analog systems
‒ 6.205 [6.111]  digital systems
‒ 6.206 [6.115]  microcomputer systems
‒ 6.222 [6.131]  power electronics

• Classroom:
‒ 6.208 analog circuits
‒ 6.209 [6.301]  advanced analog circuits
‒ 6.220 electric energy systems
‒ 6.250 [6.012]  nanoelectronics and computing
‒ 6.600 [6.775]  analog and mixed-signal CMOS
‒ 6.601 [6.374]  digital integrated circuits
‒ 6.602 [6.776]  high-speed integrated circuits
‒ 6.622 [6.334]  power electronics
‒ 6.650 [6.720]  integrated microelectronic devices 
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