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ABSOLUTE INTENSITY OF RADIATION EMITTED BY JRANIUM PLASMAS

By N. W. Jalufka and M. D. Williams,
Langley Research Center,

J. N. Lee, Vanderbilt University,
and

D. R. McFarland,
Langley Research Center

Uranium plasmas have applications in a number of experimental areas
:neluding gas-core reactors and nuclear-pumped lasers. The gas-core reactor
is of particular interest as it offers an alternative to conventional solid-
core reactor power plants. It is presently anticipated that the final model
of the gas-core reactor will operate, with a fissioning uranium plasma as the
core, at a temperature of about 50,000 K and ion densities of the order of
1020 cm-3•. Since the radiation emitted by the fissioning uranium plasma core
will play an important part in the operation of such a reactor, a knowledge of
the radiation spectrum of such a plasma is necessary in order to establish
-reliable design criteria for the reactor. The radiation emitted by uranium
plasmas, containing boeh depleted U2^8 and enriched U235 , in the spectral
range fromm 350 nm to 1000 nm, has been investigated with the objectives of:
(1) determining the absolute intensity of the radiation emitted as a function
of wavelength; (2) determining if any nonthermal radiation is produced by the
plasma; and (3) determining if there are any detectable effects on the radia-
tion spectrum due to induced fissions in the 0235 . These measurements are the
first laboratory data on the radiation emitted by uranium plasmas which are
near the anticipated gas-core reactor conditions. Therefore, these measure-
ments are expected to contribute to the establishment of design criteria for
the development of plasma-core reactors.

The plasma which we investigated was produced in a 20 kilovolt, 25 kilo-
joule plasma-focus device. l The coaxial electrode arrangement is shown in
figure 1. The uranium plasma was produced by inserting a disk of pure uranium
metal into the tip of the center electrode (anode). 2 The device is normally
operated at a filling pressure of 6.7 x 10 2 Pa (5 Torr) of deuterium. When
the capacitor bank is discharged, a cTrent sheet is formed and is accelerated
upward between the electrodes by the ^ x H force. Maximum current is obtained
as the current sheet reaches the end of the electrodes. The rapid radial
collapse of the current sheet produces a dense, high-temperature plasma which
emits intense bursts of charged particles and neutrons (from D-D reactions).
The charged particles bombard the uranium sample creating the uranium plasma.
The neutrons which are produced induce fissions in the plasma when U235 is

used. Figure 2 shows the optical system used to make the measurements. The
carbon are was used as the radiation standard3 and the calibration was made
"in-situ." At each wavelength position a narrow band filter was inserted in
front of the entrance slit to insure that no second-order radiation reached
the monochromator. An exit slit width of 1 imn was used in these measurements
corresponding to a band pass of 1.7 nm. The detector consisted of a high-gain



photomultiplier tube and its output was recorded on an oscilloscope. All
measurements reported here were made one half cm above the center electrode
and at the peak intensity of the emitted radiation.

Figure 3 shows the experimental results obtained for the 
U238 

and 
U235

plasma. Lach experimental point represents the average of a large number of
shots. Within the experimental error there is no observable difference in
the two spectra.

Figure 4 is a comparison of these experimental results with blackbody
curves as well as the results obtained from a laser produced U 238 plasma.4
These experimental results do not match any of the blackbody curves in this
region. This is not surprising due to the existence cf temperature and
density gradients in the plasma. The blackbody curves should, however,
provide some basis for comparison in this region.

No nonthermai radiation from the plasma was observed in this region.
Also, no effects on the spectrum which could be attributed to induced fissions
in the 0235 were observed. This last result was anticipated as the energy due
to the total number of induced fissions is small 2 compared to the total ene_Jy
of the plasma.

REFERENCES

1. Jalufka, N. W.; and Lee,, J. H.: Current Sheet Collapse in a Plasma Focus.
The Physics of Fluids, Vol. 15, No, 11, pp. 1954-1958, November 1972.

2. Lee, J. H.; McFarland, D. R.; Hohl, F.; and Kim, K. H.: Production of
Fissioning Uranium Plasma to Approximate Gas-Core Reactor Conditions.
Nuclear Technology, Vol. 22, pp. 306 . 314, June 1974.

3. Hattenberg, Albert T.: Spectral Radiance of a Low Current Graphite Arc.
Applied Optics, Vol. 6, No. 1, pp. 95-97, January 1967.

4. Williams, M. D.; and Jalufka, N. W.: Visible Spectral Power Emitted From
a Laser-Produced UraniLmi Plasma. NASA TM X-72626, January 1975.

2

a



1

Q

C
C

r

I

Z

W

Z
Q

Q

W
LM
0

U
W
J

N

U
C_
LL-

V)

d

r-i

W

c.D

U-



LU

a	 II

II

II

N	 I1

LU

U-1 LU

LU

L) CL
0

CD

<
u

C)

CQ

LU

LA-

0
F-

0

0

O

ULJ

F-i -

LL-

Sr



\	 /

uj.-j w
\

Lu

C)
V)cc

\C=
U-% cct

C.D

U-

LJJ
Cl.
X
LLJ

is
CD

v - as - WO/ M ' AIISN3iNI
0	 z

5



g
cII

c

o<

Q S

ZW
J
W

¢

9

J O
C=) O
O M

/

d	 /	 1	 1

O

pO
O

OO
S

U'\ f^
N 1.4

¢
QD
N

U
O
u.

V)

J
CL

V-
C)
O
^O
W
M

O

S
F--

¢
Q
J
¢
ZW

W

X
U-1

w
O

Z
ON
Q
O..

OU

d

W

t^

LL.

r00m
L)

N
W

h

NZ
w

.	 o

Q-8S—ZWO/M'AlISN31NI	 a

G

8:


	GeneralDisclaimer.pdf
	0001A01.pdf
	0001A02.pdf
	0001A03.pdf
	0001A04.pdf
	0001A05.pdf
	0001A06.pdf
	0001A07.pdf
	0001A08.pdf

