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How to change the template color theme 
You can easily change the color theme of your poster by going to the 

DESIGN menu, click on COLORS, and choose the color theme of your 

choice. You can also create your own color theme. 

 

 

 

 

 

 

 

You can also manually change the color of your background by going to 

VIEW > SLIDE MASTER.  After you finish working on the master be sure to 

go to VIEW > NORMAL to continue working on your poster. 

 

How to add Text 
The template comes with a number of pre-

formatted placeholders for headers and text 

blocks. You can add more blocks by copying and 

pasting the existing ones or by adding a text box 

from the HOME menu.  

 

 Text size 
Adjust the size of your text based on how much content you have to 

present. The default template text offers a good starting point. Follow 

the conference requirements. 

 

How to add Tables 
To add a table from scratch go to the INSERT menu and  

click on TABLE. A drop-down box will help you select rows 

and columns.  

You can also copy and a paste a table from Word or another PowerPoint 

document. A pasted table may need to be re-formatted by RIGHT-CLICK > 

FORMAT SHAPE, TEXT BOX, Margins. 

 

Graphs / Charts 
You can simply copy and paste charts and graphs from Excel or Word. 

Some reformatting may be required depending on how the original 

document has been created. 

 

How to change the column configuration 
RIGHT-CLICK on the poster background and select LAYOUT to see the 

column options available for this template. The poster columns can also 

be customized on the Master. VIEW > MASTER. 

 

How to remove the info bars 
If you are working in PowerPoint for Windows and have finished your 

poster, save as PDF and the bars will not be included. You can also delete 

them by going to VIEW > MASTER. On the Mac adjust the Page-Setup to 

match the Page-Setup in PowerPoint before you create a PDF. You can 

also delete them from the Slide Master. 

 

Save your work 
Save your template as a PowerPoint document. For printing, save as 

PowerPoint of “Print-quality” PDF. 

 

Print your poster 
When you are ready to have your poster printed go online to 

PosterPresentations.com and click on the “Order Your Poster” button. 

Choose the poster type the best suits your needs and submit your order. 

If you submit a PowerPoint document you will be receiving a PDF proof 

for your approval prior to printing. If your order is placed and paid for 

before noon, Pacific, Monday through Friday, your order will ship out that 

same day. Next day, Second day, Third day, and Free Ground services are 

offered. Go to PosterPresentations.com for more information. 

 

Student discounts are available on our Facebook page. 

Go to PosterPresentations.com and click on the FB icon.  
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DES IG N  G U IDE  
 

This PowerPoint 2007 template produces a 36”x48” 

presentation poster. You can use it to create your research 

poster and save valuable time placing titles, subtitles, text, 

and graphics.  

 

We provide a series of online tutorials that will guide you 

through the poster design process and answer your poster 

production questions. To view our template tutorials, go online 

to PosterPresentations.com and click on HELP DESK. 

 

When you are ready to print your poster, go online to 

PosterPresentations.com 

 

Need assistance? Call us at 1.510.649.3001 

 
 

QU ICK  START  
 

Zoom in and out 
 As you work on your poster zoom in and out to the level 

that is more comfortable to you.  

 Go to VIEW > ZOOM. 

 

Title, Authors, and Affiliations 
Start designing your poster by adding the title, the names of the authors, 

and the affiliated institutions. You can type or paste text into the 

provided boxes. The template will automatically adjust the size of your 

text to fit the title box. You can manually override this feature and 

change the size of your text.  

 

TIP: The font size of your title should be bigger than your name(s) and 

institution name(s). 

 

 

 

 

Adding Logos / Seals 
Most often, logos are added on each side of the title. You can insert a 

logo by dragging and dropping it from your desktop, copy and paste or by 

going to INSERT > PICTURES. Logos taken from web sites are likely to be 

low quality when printed. Zoom it at 100% to see what the logo will look 

like on the final poster and make any necessary adjustments.   

 

TIP:  See if your school’s logo is available on our free poster templates 

page. 

 

Photographs / Graphics 
You can add images by dragging and dropping from your desktop, copy 

and paste, or by going to INSERT > PICTURES. Resize images 

proportionally by holding down the SHIFT key and dragging one of the 

corner handles. For a professional-looking poster, do not distort your 

images by enlarging them disproportionally. 

 

 

 

 

 

 

 

Image Quality Check 
Zoom in and look at your images at 100% magnification. If they look good 

they will print well.  
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• Evaluate the field-reversed 

configuration (FRC) for use as a direct 

fusion drive rocket engine. Determine 

the expected values for thrust, 

specific impulse, and propulsion 

efficiency as a function of gas and 

power inputs. 

• Develop an understanding of plasma 

parameters and determine what value 

of gas input will maximize thrust for a 

given power input. 

OBJECTIVES 

BACKGROUND: FRC AS A 
ROCKET 

ROCKET PERFORMANCE 

ANALYSIS 

REFERENCES AND ACKNOWLEDGEMENTS 

Nick McGreivy (University of Pennsylvania), Amir Raja (Princeton University), advised by Eugene Evans and Professor Sam Cohen 
(Princeton Plasma Physics Laboratory) 

 

UEDGE Simulations of a Direct Fusion Drive FRC Rocket 

• This work was done using UEDGE, a 2-dimensional 

plasma transport code. The code was written by Tom 

Rognlien et al. at LLNL.  A magnetic field geometry 

created by Bruce Cohen was used to simulate an FRC 

SOL. 

• The code solves multi-fluid equations for plasma 

variables, as well as the Braginskii transport 

equations. The code produces steady state solutions. 

SIMULATION METHOD 

CONTACT 

• Nick McGreivy: mcgreivy@sas.upenn.edu 

• Amir Raja: araja@princeton.edu 

• Eugene Evans: eevans@pppl.gov 

• Sam Cohen: scohen@pppl.gov 

HIGHER GAS INPUT TO THE GAS 
BOX IMPROVES PERFORMANCE 

• An FRC rocket could be used for manned or unmanned space 

exploration within the solar system, beyond the range of 

chemical rockets.  

• Chemical rockets are not fast enough to reach a comet and 

change its trajectory. An FRC used as a rocket could do so. 

• Pictured below is a schematic of an FRC with an asymmetric SOL 

used for direct-fusion drive.  

• Propellant gas (Deuterium) is injected into a gas box, as shown 

on the left. Plasma formed in the gas box is heated by fusion 

products from the FRC core as it flows along the SOL. The 

heated plasma is then ejected out a magnetic nozzle at the 

opposite end, generating thrust.  

BACKGROUND: SCRAPE-OFF 
LAYER (SOL) 

Wurden, G. A., Weber, T. E., Turchi, P. J., Parks, P. B., Evans, T. E., Cohen, S. A., . . . Campbell, E. M. 

(2015). A New Vision for Fusion Energy Research: Fusion Rocket Engines for Planetary Defense. Journal 

of Fusion Energy J Fusion Energ, 35(1), 123-133. 

Cohen, S. A., et al. 

G.S. Chu and S.A. Cohen, PRL 76, 1248 (1995) 

B. Cohen, T. Rognlien, LLNL, UEDGE Simulations of a 2D Nozzle 

Matthew Chu Cheong, et al. Energetic Particle Slowing in FRC Edge 

This work was made possible by funding from the Department of Energy for the Summer Undergraduate 
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• Comets are low-

frequency, high expected 

cost events. Their 

expected cost to society 

per year is approximately 

$10 billion.  

• Investment in a comet 

defense system would 

have a high expected 

return. 

• Thrust is computed at the 

open end of the rocket with 

the following equation: 

 

 

• This is a generalized version 

of the rocket equation 𝑇 = 𝑚 𝑣 

• Propulsion efficiency 𝜂 is the 

proportion of power input 

going to the KE of the 

particles 

• 𝐼𝑠𝑝 is the specific impulse or 

exhaust velocity 

• 𝐺 is the gas input 

• 𝑇 ∝ 𝐺
1
2  and 𝐼𝑠𝑝 ∝ 𝐺

−1
2  

assuming  
𝜕𝜂

𝜕𝐺
= 0 

𝑇 = 

ROCKET EQUATIONS 

THRUST 𝑻 
PROPULSION EFFICIENCY 𝜼 

SPECIFIC IMPULSE 𝑰𝒔𝒑 

• 𝑻 ~ 𝟓 - 𝟏𝟎𝑵 for 1MW 
reactor 

• Thrust increases with gas 
input 

• 𝑇 is approximately 

proportional to G, not 𝐺
1
2 , 

because 𝜂 depends on 𝐼 

• 𝜼 ~ 𝟎. 𝟐 - 𝟎. 𝟓 
• 𝜂 increases with 𝐺 

• 𝐼𝑠𝑝 ~ 10
5𝑚/𝑠 

• Specific Impulse 
decreases with 𝐺 

SCRAPE OFF LAYER PARAMETERS 

GAS BOX PARAMETERS 

• 1MW input 
power and 
0.08 grams 
per second of 
gas input is 
shown 

1MW, 0.05 grams/sec 

𝑇𝑒 

3

2
𝑛𝑒𝑇𝑒   

 

(Electron 
Energy 
Density) 

Ionization 
Rate 

Power to Gas Box 

Electric field in 
nozzle  converts 
electron energy to 
ion energy  

𝑇𝑒 ≈ 25𝑒𝑉 𝑛𝑒,𝑖 ≈ 3𝑒19/𝑚3 

𝑇𝑖  

𝑛𝑔 

Power to GB + Power to Wall 

Power to Wall 

1MW, 0.08 grams/sec 
• As the gas input 𝐺 increases, the plasma in the 

gas box transitions from an attached state to an 

detached state.  

• Power flow to the material surfaces (gas box 

and wall) of the FRC is lower in a detached 

state.  

• If less power flows to material surfaces, more 

power must flow out of the open end of the 

FRC. Thus, detachment and the associated 

decrease in power to the gas box is the 

mechanism for increasing 𝜂. 

• Higher gas input is associated with higher 

thrust, higher efficiency, and less power to 

material surfaces.  

• There is a tradeoff between thrust and 

specific impulse.  

• A direct fusion drive FRC rocket could 

expect 5-10N of thrust per MW of SOL 

heating power.  

Density Density 

Gas 
Box 

Wall 

Wall 

Ion Energy ≈ 20 − 100𝑒𝑉 
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