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ABSTRACT

S 2 944

The use of masers as low noise prearplifiers in mlsrowave com-
munications 1s well known. This paper describes the use of masers
in physiecal measure:'nenta. In particular, the changes in spin-
temperature of a paramagnetlc crystal as a function of various
perturbations have been measured.

th spin "heating" and spin "refrigeration" of the order of
1°K ha&e besn measured, at & crystal temperature of 4.2°K, by per~
turbing the Boltzmann distribution in a multi-level spin system.
Details of the experimental arrangement will be given with the

rosults obtained, W

#This paper presents the results of cne phase of rescarch carried
out at the Jet Propulsion Laboratory, California Institute of
Technology, under Contract No, NAS 7-100, sponsored by the National

Aeronsutics and Space Adrministration.
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Introduetion

Shimoda; has suggested the use
of masers_in microwave gpeetroscopy,
and Chanz“ has uscd traveling wave
rasces in the study of paramagnotie
relexation. The prescnt paper de-
scribes the epplication of traveling
wove rzsers to the direct measurement
of changes in spin temperature in
ruby for various perturbations. A
rarticularly interesting phenomenon
¥aich may be observed is that of
enin refrigeration3 vherein the spin
temperature may be lowered by appli-
cation of microwave power at certain.
eppropiiate frequencies.

Tae technique exployed 18 unique
in that the thermal noise power

Py = KT B (1)

wacre K = Boltzmann's cbnstant,
'1's = gpin teuperature,
and B = bandwidth,
due to the spin system is measured

directly, This direct method of
measuring 7 s has advantages over the

usual method of measuring the atten-
uation of a signal propagated through
the sernle and subsequent computation
of T, from sald attenuation, s('rs).

Sensitivity Threshold

Fer the sake of conciseness we
analyze caly the simple configura-
tion shr,::ryn Fig. 1.

<] |a—— X
Z?‘(‘*V// [/ /) [ ASER
i N
S SAMaLE
£/ GJ f RECEs e

*Th18 PAzor prescits the results of
one phase of rescarch carried out at
the Jet Fropulsion Leboratory, Cali-
fornia Institute of Technology, un-
der Contrcet No. NAS 7-100, spon~
sore@y the Nationzl Aeronautics
erd Splze Administration.

At any point ( x+ A x ) in the
test waveguide the noise power changes

ap = -pa Ax + kT a Bax (2)

where
a_ = attenuation constant due
to the spin system at
teoperature T g*

end p = p(x) is the power at x.
It is assumed that the wavegulde
losses are very suall compared with
the paramcgnetic absorption. Inte-
gration of Eq. 2 with appropriate
boundary conditions, ylelds:

~a,L -aaL
Py = KT _Be + KIB 1l-e 3)

The total noise power output shich is
read on the output meter is

po.pNG+kTMBG+kTRBG (&)

where
G = total systen power gein

T, = noise temp of maser

M
‘I‘R = noise temp of receiver
referred to maser input.
The output meter will show fluctua-
tions of the order of
p, = /Bt (5)

vhere
B = predetection bandwddth
t = post detsction time
constant

" Hence, the smallest change in spin

temperature that may be detected is

glven by .
Tgll-g) + T g+ Ty + Ty

(1~ g) /Bt
-aaL.

AT, = (6)

where Q= @
For a typleal maser systen the nurer-
ator in (6) may be kept to 50°K or
less, t=~1 second, and Bx1l Mc/sec
(conservatively). Or

AT, 22 .05%K (7)
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S+in Ternerature

I?a mitilevel spin s ﬂys’:.em the

ph"““ Zon of eoch swin ghate ia pglve

ea Y;» the Doltzuaont distribution law:

© : - (Ei - T.)

(”i/nj) = ¢ e (8)

n, = numbor of spins in the
* 3 giate th

-

s, = energy of 17 level, ste,

4

i
X ol*"“ orn's constont
and T amperaiure of the system

Comc:*;:‘“ , it is poscidle to define
a cpin temperature, '1‘8, in temms of

the ocgupatien nurbers n, and n J
thug, L. - T X

- 1 3
‘s Hox (n_,/"x ) (9)

Remerboring that tho tctal nwber of
exins is c.m..wvcd, L is readily seen
U‘*W u;.ww'barco of my level will
reccdt in a redictribution of spins
over all states; i.e., T

]

cor .xwouning to levels 1 and g may be
porsiroaed by disturbing tho mth lewvel,
ele. Ipecdfic exaples are given with
ez inental deteils in the next
cestion.

Tspordimental Results

The experiment wns perforr‘e:d wlth
two S-banad (2,400 }c/..) travelinz wave
nmasers (0027 S in the coni‘:.g;um.t.acn of
Fig. 2. Cae of the Tilf's was used as
a passive d.v.‘.ce and i 3 input vas
Loyminota .J.( a lcad &% L 2°K., The
Yebond taveguide normally used for
U POE Was used to perturb the
rucy &bt Irequencles other than the
pump freiaoncy.
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The 20 ¢b Cipcctional coupler and the
two locds at UK and 290°K, respece
ti vzly, rernitted calibration of the
r‘"-f’ alo

The speelfic rezult obtalned mayy

tr- coplelin j_q terns of the energy
love l aier'n.u hown below:s = ' ‘
G Fle3a [ F/e36
é_-}
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POPULA TION  PoPULAT/ION

The transitions at fs== (~.ﬁ,2 - E)h
wz'c otcorved while "purping” &t
£y 4= (:_.3 Ez) . licrce, tho rol-

ative pa:mle. ion distribution
channed from that saowm in Fig. 3a
to that of Mg. 3b. The result is
that the ruby sarple gppears to be
colder at the transition frequency
fs‘ In like marmner power at

23 (7 o P %00
£5 ) (‘,A .,3)/}1 showzd that the

spin tomperatwre could be raised,
whilch shows the reletive transition
rates. The changes in temperature
obsorved were of the order of 1°XK.

The effect of other perturve-
tions en the spin - Hanlltonlan of
solids may be studied by the method
outlined here. The effect of strong
eloctric fields on the zoro-field

e-olitting constant in ruby will be
investisated
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