
Applied Physics Seminar
Lunch time, Every Wednesday 

APPH E4901: Discussion of specific and self-contained problems in areas such as applied EM, physics of solids, and plasma physics.  
Topics change yearly. 

APPH E4903: Discussion of specific and self-contained problems in areas such as applied EM, physics of solids, and plasma physics.  
Formal presentation of a term paper required.  

Topics change yearly.
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(Purchased by Eaton Corp for $300M in 1997)
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“"After getting a BS in Eng. Physics from UC Berkeley, I taught physics 
and physics education in Bogota, Colombia, as a Peace Corps Volunteer. 
Afterwards, I went to Columbia University for PhD in Applied Physics 
focusing on plasmas.…”
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W
hen finally complete in 2025, the 

$20 billion fusion reactor called 

ITER, rising near Cadarache in 

France, will be seven stories tall. 

Even then, nothing  guarantees that 

it can hold nuclei together at tem-

peratures of 150 million degrees Celsius, in-

ducing them to fuse and release energy. Now, 

a small U.K. company has unveiled a 2-meter-

tall chamber that looks like an oversized beer 

keg and cost about £10 million to develop. 

Using a different reactor shape than ITER 

and, eventually, superconducting magnets, 

the company says it has a cheaper and faster 

path to an energy-producing fusion reaction.

“Fusion hasn’t been exciting enough in 

recent years,” says David Kingham, CEO of 

Tokamak Energy near Oxford, U.K. “Some-

one has to inject some excitement and can-

do attitude.”

Tokamak Energy is not alone. A few other 

privately financed startups are challeng-

ing the publicly funded, slow-moving 

ITER behemoth (Science, 25 July 2014, 

p. 370). Two of the startups, Tri Alpha Energy 

of Foothill Ranch, California, and General 

Fusion of Burnaby, Canada, are also building 

new machines in the next few years that aim 

to get close to the break-even point, where the 

energy generated equals the energy put into 

the system. Mainstream fusion researchers 

say the approaches are technically plausible 

and welcome the competition. “Fusion is too 

important for one approach or one device,” 

says Dennis Whyte, director of the Plasma 

Science and Fusion Center at the Massachu-

setts Institute of Technology in Cambridge. 

Since the 1960s, one shape has dominated 

fusion: the tokamak, a ring-shaped vessel for 

containing plasma, the ionized gas that must 

be heated to more than 100 million degrees 

Celsius to achieve fusion. Powerful magnets 

around the tokamak create fields that not 

only keep the plasma from damaging the in-

terior surfaces, but also compress and heat 

it. Yet scientists have struggled to keep the 

plasma stable and hot enough for a fusion re-

action that produces excess energy. Because 

theory and experiment suggest that large to-

kamaks retain heat better, they have tended 

to get ever bigger—and more expensive.

In the 1980s, however, theorists predicted 

that changing the shape of the tokamak 

from a doughnut to a cored apple would 

improve plasma stability (Science, 22 May 

2015, p. 854). Tokamak Energy is betting 

on that shape, called a spherical tokamak. 

It also aims to crank up the strength of 

the confining magnetic fields with super-

conducting magnets. Conventional super-

conductors must be cooled to liquid helium 

temperatures—a great expense. Tokamak En-

ergy is experimenting with layered tapes that 

contain high-temperature superconductors 

(HTS) sandwiched between other materials 

and only need cooling with far cheaper liquid 

nitrogen. “I’m very convinced that this ma-

terial will make the difference in fusion over 

the next few years,” Kingham says. 

 In 2015, Tokamak Energy built a spherical 

tokamak just over a meter across and showed 

it could confine plasma at a million degrees. 

Now, it says its 2-meter device, called ST40, 

will be able to heat a plasma to 100 million 

degrees within a magnetic field of 3 tesla—as 

strong as the field in a medical MRI machine. 

Science  was given an exclusive look at the new 

machine before it begins operation in a few 

months’ time. It will use conventional copper-

wire magnets while researchers develop 

HTS magnets for a successor machine. Even 

without HTS magnets, ST40 could reach 

100 million degrees by 2019, enough “to vali-

date this concept of spherical tokamaks for 

fusion power,” Kingham says.

Tokamak Energy, with £20 million in 

funding, “has achieved a huge amount with 

a relatively small amount of money,” says 

Mark White of the Rainbow Seed Fund, a 

U.K.-backed venture capital fund for com-

mercializing science from government 

labs that has invested in Tokamak Energy. 

In contrast, its competitor Tri Alpha has 

amassed more than $500 million from a 

mix of investors including the Wellcome 

Trust and Kuwait’s sovereign wealth fund. 

Tri Alpha exploits a phenomenon called a 

Private fusion machines aim 
to beat massive global effort
Startups avoid ITER’s path with new prototype reactors

ENERGY 

By Daniel Clery

Plasma inside Tokamak Energy’s spherical ST40 

reactor could reach 100 million degrees Celsius.

Great balls of fire
Three startup fusion companies are challenging ITER, an over-budget and overdue public project.

NAME LOCATION TECHNOLOGY STAFF FUNDING STATUS TARGET TEMPERATURE 

Tokamak 
Energy

Milton, U.K. Spherical 
tokamak

35 $25 million New ST40 device 
in 2017

100 million degrees 
Celsius

Tri Alpha 
Energy

Foothill Ranch, 
California

Beam-driven 
plasma rings

160 >$500 
million

New C-2W device 
in 2017

30 million degrees 
Celsius

General 
Fusion

Burnaby, 
Canada

Target 
implosion

65 >$75 million Prototype in 
3–5 years

100 million degrees 
Celsius

ITER Cadarache, 
France

Tokamak 2300 $20 billion Under construction. 
First plasma in 2025

150 million degrees 
Celsius
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funding, “has achieved a huge amount with 
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9/4/2019, 11)22 AMAPPH E4901-E4903 Seminar Info

Page 1 of 8http://sites.apam.columbia.edu/courses/apph4903x/

APPH E4901 & E4903 Applied Physics Seminar
Fall 2018 Theme: Entrepreneurship in Applied Physics and Starting a Tech Start-Up

Email: mauel@columbia.edu

General Theme Grading Syllubus GRE Student Presentations Links

General Welcome to the APPH E4901 & E4903 Applied Physics Seminar class information site.

Most Wednesdays from 11:40 AM to 12:55 PM in Room 401 Chandler. Chandler is located in the Chemistry
Building Complex on the east side of Broadway.

APPH E4901x Applied Physics Seminar 1 pt. Discussion of specific and self-contained problems in areas such as
applied EM, physics of solids, and plasma physics. Topics change yearly. This course is usually reserved for third-year
students majoring in Applied Physics.

APPH E4903x Applied Physics Seminar 2 pt. Involves students in all of the discussions that are part of APPH E3401,
but also involves the preparation of a formal term paper or presentation on a research topic of the student's choice. This
course is usually reserved for graduating seniors majoring in Applied Physics.

Topics change every year and are designed to introduce students in to current research in applied physics.

  

Theme This year's themes are Entrepreneurship and High-Tech Startups.

The importance of applied physics in advancing commercialized products and starting business was featured in the
November 2014 issue of Physics World. This year also coincided with the Nobel Prize in Physics being awarded to
Isamu Akasaki, Hiroshi Amano and Shuji Nakamura "for the invention of efficient blue light-emitting diodes which has
enabled bright and energy-saving white light sources." These technology advancements drove rapid commercialization

http://sites.apam.columbia.edu/courses/apph4903x/
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http://entrepreneurship.columbia.edu/event/columbia-fast-pitch-competition-2019/
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Perfect Your Elevator Pitch
• An “elevator” pitch is intended to be a concise, compelling introduction to your business. You should be 

able to slightly modify your elevator pitch depending on whether you are pitching to prospective investors, 
customers, employees, or partners.  

• Here are a few tips for developing and delivering a great elevator pitch: 
• Start out strong. 
• Be positive and enthusiastic in your delivery. 
• Remember that practice makes perfect. 
• Keep it to 60 seconds in length. 
• Avoid using industry jargon. 
• Convey why your business is unique. 
• Pitch the problem you are solving. 
• Invite participation or interruption by the listener—this shows they are interested and engaged.
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Our Plan

• Learn from the experiences and advice from other applied physics entrepreneurs 

• Be creative (inventive!)  

• Discuss and learn together as a class 

• Select one or more “business plans” to pitch 
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