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The Stark Effect of the ATTTmonia Inversion SyectrTTTTT~
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A detailed study of the Stark effect of certain transitions in the inversion spectrum of ammonia has been
made. The hyper6ne structure due to quadrupole and electric 6eld effects is in agreement with theory. The
value 1.468&0.0090 has been obtained for the dipole moment. Consideration has been given to possible
second-order effects; their influence is shown to be negligible.

I. INTRODUCTION

N this paper we shall report the results of a detailed
~ ~ study of the Stark e6ect for the J,E= 1,1; 2,2; and
3,3 transitions in the inversion spectrum of N"H3.
In these experiments the combined eGects of the electric
field and the quadrupole moment of the nitrogen
nucleus have been observed and accounted for. The
experimental results from the 1,1 and 2,2 transitions
in the intermediate and strong-field regions have been
compared with exact solutions of the appropriate
secular equations. The strong-Geld behavior of the 3,3
line is in agreement with the calculation ot Jauch. ' A
precise value of the dipole moment of ammonia has
been obtained from the strong-Geld measurements of
the three lines.
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IL EXPERIMENTAL

Measurements of the Stark eGect were made using
both straight detection' and Stark modulation how-
ever, better resolution was obtained with the former
method. The constant used in conversion of the voltage
applied to the wave guide electrode to electric Geld

strength was checked by a measurement of the dipole
rq.oment of OCS. Our value of 0.712&0.0050 is in
agreement with the careful determinations of Shulman
and Townes. 4

The solid lines of Figs. 1—3 show the computed
Stark efI'ect as a function of the electric field for the
J,E= 1,1; 2,2; and 3,3 ammonia lines, respectively. The
experimentally determined values, represented by the
circles, are seen to be in excellent agreement with
theory. In the case of unresolved lines, the observed
resultant line falls at the approximate center of gravity
of the group. A photograph of the triplet characteristic
of the Mg=1 transition is shown in Fig. 4. The data
given in Fig. 3 for the J,X=3,3 line were taken with a

F 2

«0
l

I-2

0-I
l I

200 MO
I l

400 500
VOLTS/CM

I

600

13

l

11

IO

O
4I
o 8

4 7

6

z0
~ 4
e'

8 3

~f 2

FIG. 1. Stark effect for J,K= 1,1 ammonia line. Solid lines were
computed; circles denote experimentally observed points.

* The work reported in this paper was done independently in
the Research Laboratories of the General Electric Company and
the Westinghouse Electric Corporation. When it was discovered
that duplication had occurred, it was decided to publish the re-
sults jointly.' J. M. Jauch, Phys. Rev. 72, 715 (1947).The separation of the
two satellites of the M+= 1 component is just half that given by
Jauch; in his quantity 0, given just after Eq. (18) in this reference,
the factor 2 should not appear. This had no effect on the strong
Geld frequencies of the other Stark components.
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FIG. 2. Stark efFect for J,K=2,2 ammonia line. Lines shown
partially dotted are forbidden at high 6eld strengths. Circles de-
note experimentally observed points.

~ See, for example, W. E. Good, Phys. Rev. 70, 213 (1946}.' R. H. Hughes and E.B.Wilson, Jr., Phys. Rev. 71, 562 (1947).' R. G. Shulman and C. H. Townes, Phys. kev. 77, 500 (1950).



eoLES o0 D, B RAGG AND SHARBA

M eg

FiG. 4 Photo raPh of the St effect at
e ~+= j transit

p tern characteri
~on m arnmoniorna.

ris c of

25-

4 he strong-field St ]
shows the c

ar spectrum of an
e c aracteristic tri 1

o any transition

component owln
p t structure of the ~

P»lmatlOn.
t

spp 500-- 7
I I

SOO SOP lOOO iapp
I

Fgo. 3 Sta k g
"o" sr cd

ooo (@)p

puted; circles den, mmonia line. Sol'd l'

enote experimentali
o ines vere

Star~ mod

'" 7 ob erved points. b

was not resolved
P d th tnplet s«u - Th

o s to the En~xgl~s

e dido]e

here are several smaj

moment

corrections to

taken at field
alculated from me

ich have been ign d
o our ~~mp~t~d

cm, using th
rengths of ] $50 to 2500

- per'mental uncertaint' . F;
as smaller than th

ma lOn setron& field approx'~ t
oits per ™irenas (~&2~y& g

' ' 'rst the Starir t

' ~'(&+ &)'jX lo-

w ere p, is the "'
1

e dipole moment
'

t b t 1

a e or the 1 1
1 of diff t J

1St k f
~ J th t'

the s

ec ion ecomes stead'1 1 r
-order quadru ol h

iy essim or

Mg= 2
e series of me

or nitro en
po e amiltonian

e t f the that secondd d t
e slight deviations f rurom the quadru

III. THEORETICAL

gne lc interaction of the
o - iagonal terms of the ele

(a) Calculation of th 8

I
a ' e Syectxum

he calculation f hno t eener
deed

p ce-
P 'g'easunng the S

I

g, suc an effect
in-

most convenient
y auch. ' corn

wo satellites of th

to th t,
y"

fi
Po

rong eld in co
a component

'
i

g

common with the
, an inQuence it h

h
ld th d

p ct
1 b

independent of th'm, ponents are
'

aine from an

ee from th d.

~ ~ ."for h. .o go
s rong field representat

2 {[aIP/J(J+1)]+b}Mr Mg

entification the relative i

pe,

be
o ers - 'ties were used h- e intensi

is term ec s t e uPP

ran

, t ese
e transitions for

ar
or which BMJ=0.

g s.
r e

'
o e . Henderson Ph

much indebted to . c or a coe to J. H. Van Vleck for ac or a communication on this


