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Motivation 

By far the most versatile and useful form of 

energy is electricity. The group’s focus is to 

improve our ability to exploit the high quality of 

electrical energy. We study magnetic fields to 

extract useful work from electricity. We study 

ultracapacitors  to improve the storage of 

electricity, both by making the devices 

themselves better and by using them better in 

circuits. 

 

Consequences 

• Battery-Ultracap Hybrid ESS is smaller, more efficient and requires 

less active cooling than Battery-Only counterpart. 

• Provide a more energy-saving alternative with higher power density 

in battery-powered systems like hybrid/electric vehicles(HEVs). 

Battery-Ultracapacitor  

Hybrid System 

Motivation 

Hybrid ESS provides significant 

efficiency gains over Battery-Only. 

• The efficiency gain of Hybrid ESS increases exponentially with load 

frequency, quadratically with amplitude and decreases linearly with 

duty cycle. 

• To build a more efficient, powerful and longer-life energy storage 

system (ESS) by combining the high energy density of batteries and 

the high power density of ultracaps. 
 

• To expand the use of ultracaps in electric vehicles and benefit the 

system with a low average but high peak power.  

Highlights  

Hybrid ESS cools down faster 

than Battery-Only.   
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Planar coils & Magnetic Fields 
(Jointly with Prof. Jacob K. White) 

 

The simple flat coil is the primary magnetic component in 

microelectronic power electronics, induction heating, wireless 

chargers, non-destructive testing systems, and other areas. 

Unfortunately due to the skin effect, their magnetic fields are 

notoriously difficult to analyze. 

We designed an optimized numerical method that solves 

the magnetic field problem for planar coils >1000 times 

faster than competing methods. It enables magnetic 

“inverse problems” to be solved computationally rather 

than by trial and error. 

We are currently using the method to design an induction 

heating cooktops, while exploring other application areas 

like wireless power transfer and micro power electronic 

inductors. 

Above: computational design of an induction cooktop heating profile (left) for a uniform 

temperature profile over the pan (right) 

Carbon Nanotube-Enhanced 

Ultracapacitor Electrodes 
 

Motivation  

• Ultracapacitors are promising energy storage devices that can 

charge and discharge much faster than batteries but currently do 

not store as much energy. 
 

• Forests of aligned carbon nanotubes offer an enormous surface 

area (1000 m2/g) that can be utilized for ultracapacitor electrodes. 
 

• CNT-based electrodes can operate at a higher voltage than 

conventional activated-carbon electrodes, which may lead to 

significant increases in energy density. 

SEM image of aligned CNT forest 

20 µm 

Ultracapacitors 

(typical) 

Li-ion 

(typical) 

Nanotube   

Enhanced 

Ultracapacitor 

Energy density 

(Wh/kg) 
5.44 140 20 – 30 

Power density 

(kW/kg) 
5.61 1.0 30 

Rated voltage 

(V) 
2.7 3.6 3.5 – 4.0 

Longevity 

(cycles) 
300,000 1000 300,000 

Robustness 

and reliability 
Excellent Moderate Excellent 

Temperature 

dependency 
Minimal 

Moderate to 

high 
Minimal 

2 µm 

SEM close-up of CNT bundle 

Magnetic fields can be used to transfer power or 

to generate heat. 

Carbon nanotubes could increase the energy 

density of ultracapacitors. 

Motivation  


