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Michigan Technological University Advanced Technology Development Gompiex

Houghton, Michigan 49931-1295
January 19, 2006 906-487-2228 » Fax 906-487-1379

AFOR/IA
4015 Wilson Blvd, Room 713
Arlmgton. VA 22203-1954

Invention Title; Vaporizing liquid metal anode for Hall-effect space propulsion sysiems
Inventor (s); Lyon Brad King

Patenl or Application Serial No.: 10/693,127

U.S. Filing/lssue Date: 1/24/03

Grany/Contract Identification Number (s): F49620-03-10027

Foreign Applications filed/intended (countries):

The invention identified above is a Subject Invention under 35 U.S.C. 200, et seq., and the Standard Patent
Rights clause at 37 CFR 401.14, FAR 52.227-11 or FAR 52.227-12 (if applicable) which are included
among the terms of the above identified grant or contract award from the United States Government. This
document is confirmatory of:

L. The ponexclusive, nontransferable, irrevocable, paid-up license to practice or have
practiced for or on behalf of the United States the invention described in any patent
application and in any and all divisions, continuations, and continuations-in-part, anc in
anty and all patents and re-issués granted thereon throughout the world and;

3 All other rights acquired by the Government by reason of the above identified
grant/contract award and the laws and regulations which are
applicable 1o the award.

The Government is hereby granted an irrevocable power 1o inspect and make copies of the above-identified
patent application.
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David D. Reed

Title: Vice President for Research
For Michigan Technological University
At 1400 Townsend Drive. Houghton, MI 49931

wiww, miu.edu
We prepare stodents to create the fulure.

Michigan Technological University is an equal opportunity educational institulion/equal opportunily employer.
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United States Patent: 7059111 Page 3 0 13
Mayer, R.X., "A Space-Charged-Sheath Electric Thruster,” AIAA Journal 5(11), Nov. 1967,

pp. 2057-2059; presented as Paper 66-627 at the AIAA Third Annual Meeting, Boston,
Mass., Nov. 29 - Dec. 2, 1966. cited by oth- er.

Primary Examiner: Kim; Ted
Attorney, Agent or Firm: Michael Best & Friedrich

Government Interests

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT

This invention was made with United States Government support under federal Grant No. F49620-03-1-
0027 awarded by the United States Air Force, Air Force Research Labs. The United States Government
has certain rights in this invention.

Claims

I claim:

1. A thruster for use with an external power supply, the thruster comprising: a propellant that exists in a
non-gaseous state at standard temperature and pressure, the propellant having a melting point T.sub.m,
and a boiling point T.sub.b; a plasma comprising ionized propellant vapors; a reservoir adapted to house
the propellant in a non-gaseous state, the reservoir heated by the plasma; and at least one electrode
positioned to intercept a fraction of the plasma to control heat input to the reservoir to maintain the
temperature of the propellant between T.sub.m and T.sub.b.

2. The thruster set forth in claim 1, wherein the propellant comprises a metal.

3. The thruster set forth in claim 1, wherein the propellant comprises at least one of bismuth, mercury,
cesium, cadmium, iodine, tin, indium, lithium and germanium.

4. The thruster set forth in claim 1, wherein the propellant exists in a solid state at standard temperature
and pressure.

5. The thruster set forth in claim 1, wherein the amount of power from the external power supply
deposited into the reservoir is approximately 20% of the total power supplied to the thruster.

6. The thruster set forth in claim 1, wherein the amount of power from the external power supply
deposited into the reservoir ranges from approximately 15% to approximately 25% of the total power
supplied to the thruster.

7. The thruster set forth in claim 1, wherein the reservoir comprises an anode in an electric circuit, and
further comprising: a body having an axial direction and a radial direction; at least one passage in the
reservoir to allow propellant vapors to escape the reservoir; a cathode positioned to emit electrons
downstream of the body to create a substantially axial electric field with respect to the body, the
electrons adapted to ionize the propellant vapors that have escaped the reservoir; and magnetic poles
arranged to create a radial magnetic field that interacts with the axial electric field to produce a current
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