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Synopsis 

The method described in Part I is applied to absorption lines of methyl alcohol in 

the microwave region. Recorded dM = & 1 Stark patterns of absorption lines with 

lineair Stark effect are compared with calculated patterns. 

The dM =: f 1 Stark patterns of 7 absorption lines with second order Stark effect 

are investigated. A method is described for a determination of J (the lower constant 

of overall rotation involved in the transition) using the Stark effect constants derived 

from dM = & 1 and d&f = 0 patterns. 

1, Introduction. The method described in part 11) for the automatic 
recording of Stark splitting patterns (corresponding to AM = + 1 transi- 
tions in the microwave region) has been applied to the microwave spectrum 
of methyl alcohol. This spectrum provides the comparison of calculated 
and recorded Stark patterns of several well known absorption lines. Besides, 
there are other absorption lines in this spectrum which have not been 
identified till now. The o-Stark effect of these lines, combined with the 
corresponding n-Stark effect giving AM = 0 transitions may be very 
useful for the determination of the quantum number J involved in the 

transitions. 
Finally, some information on the o-Stark effect of these lines is required 

for a determination of the intensityz). 

The microwave spectrum of methyl alcohol has been the subject of many 
investigationss) 4) 5). A quantum mechanical treatment of the rotational 
levels of this molecule by Burkhard and Dennison6) and later by Ivash 
and D enni so n7) has provided a possibility to interpret this microwave 
spectrum. The results of their calculations will be summarized briefly for 
a good understanding of the following. Methyl alcohol is a slightly asym- 
metrical-top molecule, the overall-rotational transitions (dJ = + 1, AK = 0) 

are found in the millimeter wavelength region and in the far infrared. 
However, a large number of absorption lines in the cm wavelength region 
is found. These lines are due to simultaneous transitions in the overall- 

*) Present address: Fysisch Laboratorium, R.K. Universiteit, Nijmegen. 
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rotation of the molecule and the internal rotation of the OH-group with 
respect to the symmetrical CHs-group. 

The latter rotation is subject to a potential of the form 

V = hH(l - cos 3x), 

where H is the height of the potential barrier and the angle x measures 
the relative rotation of one group with respect to the other. For a large 
value of H a torsional oscillation would result, of which the energy levels 
are three-fold degenerate.Then the total rotational energy should take 

the form : 
E rot = EJK + En (Ia, 

where EJK is the usual equation for the energy levels of overall-rotation (J 
is the rotation quantum number, K is the component of J along the symmetry- 
axis of the CHs-group). En denotes the energy of a harmonic rotator: 
E, = (n + 4) ho, where YO is the torsional frequency. Actually the barrier 
to internal rotation is not extremely high and the degeneration of the E,,- 
levels is removed, due to the tunneling-process of the OH-group throug-h 
one of the barriers. This process strongly depends on the quantum number 
K. The splitting of each level in three sublevels, denoted by the quantum 
number 7 = 1, 2 or 3, is a periodic function of K. It turns out that two of 
these sublevels are degenerate (K-type degeneration) in the case of methyl 
alcohol and that the remaining sublevel IS further splitted (K-type doubling, 
with the exception K = 0) due to the asymmetry of the OH-group with 
respect to the symmetry-axis of the CHs-group. The T-number of this 
splitted sublevel is determined by K in the following sense : 

K = 1, 2, 3, 4, 5, . . 

7 = 3, 2, 1) 3, 2, . . 

The doublet levels are designated by _t- or ~ according to the symmetr! 
properties of the corresponding wavefunctions. In the case of methyl 
alcohol the two lowest cloublet levels for a given J-value arc 1 , the nest 
two higher ones are -, etc. 

As methyl alcohol is only slightly asymmetric it may he expected that 
the selection rules for the symmetric hindered rotator hold. Transitions 
violating these rules will gerlerally be very weak’). Using these selection 
rules the possible transitions may be divided in three classes: 

1) 0.1 = h 1, AK = 0, An = 0, AT = 0, + -+ or - +-~, 
2) 01 = 0, AK = +l, T = 1+3, 2+1 or 3-t21dn _ o pi 

nJ = 0, AK = -1, 7 = L-2, 2-+3 or 3-~+1j ’ 
i_~ (,,_ ~ i_ 

* , 

3) A J = * 1, AK = h 1, An = 0, + ++ m- ~ +-, the rules for 7 are the 
same as in class 2 *) . 
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The total energy of the rotational levels may be written in the following 

form : 
EJK~~ = EJK -I- E~tn f iA JKZ~ (14 

EKES denotes the energy of internal rotation, calculated from a Matthieu- 
differential equation 6)) 

A JK~~ is the doublet separation of the appropriate T-sublevel, being a 
function of J, K and n. 

Using the molecular constants of methyl alcohol known from literature, 

eq. (lb) can be written in the form: 

EJK~% = 0.8066 (J2 + J) + W~tn cm-l 
WK~~ = 3.4478 K2 + EK-~ * &AJK~~ cm-l (2) 

Some of the energy levels WK tn are calculated using equations from 
literature7) (see also par. 3). These levels are shown in fig. 1, with the possible 
transitions between these levels based on the selection rules mentioned 
above. Transitions between degenerate levels are indicated by double 

E JKrn.0.8066(J2*J)+WKTnCm~ 

K 

0 

1 

2 

3 

4 

l?ig. 1. Rotational energy levels and transitions of methyl alcohol. 



arrows (first order Stark effect), single arrowed transitions between doublet 
levels give second order Stark effect. To find the total rotational energy the 
term 0.8066 (J2 + J) must be added to LVC;K~?~ and the doublet distance 
AJK of the T-level must be calculated for the appropriate value of ,I. Tran- 
sitions between the members of one doublet are allowed only in the cast 
A.1 = 0. 

In this investigation only absorption lines occurring in the frequent! 
range 18-28 GHz will be considered. This means that only lines belonging 
to class 2 and 3 can be investigated (the absorption line of lowest frequent! 
in class 1 (J = 0 --f 1) has been observed at about 48 GHz). Moreover the 
o-Stark effect measurements will be confined to transitions with ,I-numbers 
not higher that about 10 because : 

1) it is rather difficult to obtain well resolved Stark patterns of high J- 
transitions, 

2) identification of transitions involving high J-numbers is hardly to 
do as the inaccuracy in the calculation of the energy levels becomes too 
large for a unique identification of the absorption lines. 

For this investigation an extension of fig. 1 to higher K-numbers is not 
necessary, as further energy levels IYK~,~(K > 4) . h 5 ow differences between 
each other larger than 30 cm-l. Starting from these levels IT-K,, onl! 
transitions involving J > 20 can be expected in the microwave region. 

2. Absorption lines with firsf order Stark effect. A large number of at)- 
sorption lines of methyl alcohol in the microwave region belongs to the 
class 2-transition: (,I, K, 7, X) ~ (,I, 1, 2, 0) f (J, 2, 1, 0). From fig. 1 

follows that the frequency of this transition is independent of ,I. Higher 
order calculations show, however, that the energy levels ~~~~~ possess a 
small J-dependence. Therefore this transition results in a series of lines 
(from fig. 1 the calculated frequency of this transition is 0.828 cnlpl + 

- + 24.84 GHz, whereas the begin of the series is observed at 24.93 GHz). 
The lines of this series show first order Stark effect (see fig. 1). \Vriting 

the Stark energy of the level (JKw) as: 

dEJKtn == lLJJKT,,,MC 
d1 = magnetic quantum numbcar, 

: 
= electric field strength, 
= Planck’s constant, 

A ~~~~~ = Stark effect constant 

then the splitting pattern of the transition (J, K, T, n, M) = (,I, 1, 2, 0, M) ~~- 
--f (J, 2, 1, 0, M f 1) (o-Stark effect) is described by: 

y = y0 + [(AJZlO - Amo) AZ & ~mol F (3) 

The transition AM = + 1 splits the absorption line into 2J Stark com- 
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ponents, an equal number of components should be found for the transition 
AM = - 1. Thus 4 J Stark components are expected in the general case. 
In fig. 2 a calculated splitting pattern is displayed for J = 3. Relative 
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__-__-_A-_-.- 3 2 -1 ------- 0 1 2 _ _ _M(AM=+l) 
----_=---_---- 2 -1 0 _1 _ _2_ _ & M(AM.4) 
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Fig. 2. Calculated Stark-splitting pattern of the transition J = 3 + 3, M -+ It4 & 1. 
The dashed line indicates the position of the unsplit line. 

1OMk FREQUENGY 
r 

Fig. 3. Recorded Stark pattern of the transition J = 7 --f 7, v = 25.125 GHz, 

F = 1.1 ESU. 

intensities are derived from the matrix-elements for AM = f 1 transitions 
(Ref. 8, page 256). Experimentally these patterns are found in recordings 
of several Stark patterns, (the absorption lines J = 7, 8 and 9), an example 
is shown in fig. 3, displaying a recording of the absorption line J = 7 -+ 7. 
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From this pattern it is clear that both ALW = + 1 and AM = - 1 transitions 
occur in the cavity. 

The maximum number of 4J components will not be obtained if compo- 
ponents of the AM = + 1 pattern and the AM = - 1 pattern coincide. 
Then the relation must hold: 

(A5210 - A~120) hf + A~210 = (A~210 - ~4~120) M’ - 9~210 or: 

A 5210 
IV - :bf = 2 - ~~- ~.~~ 

AJ210 - An20 
(4) 

Thus it is required that the right-hand member of eq. 4 [abbreviated: F(J)] 

is a whole number N: INI 5 2J. In that case the absorption line will be 
split into (2J + INI - 1) Stark components. Moreover, if F(J) is only 
slightly different from a whole number and if moderate Stark fields are 
applied, a recording will show (2J + :N: - 1) components as well, due to 
overlapping of the Stark components. 

A calculation of the coefficients A~210 and A~120 was performed using 
the molecular constants and the matrix-elements given in ref. 6 and 7. The 
principal points of the calculation are given in the appendix. 

The results are: 

AJslo = - (267.40/( J” + J) + 0.832) MHz/ESU 
AJlzo = - (136.17/(,J” + J) - 0.894) MHz/ESU (5) 

W.l) * --_.:5!?1~ ._~ 
AJZIO ~- ‘-fJl?O 

I ~ WI 
2 ) 3.85 

3 3.64 

4 3.42 

5 3.19 

b 2.96 

7 2.75 

a 2.55 

9 2.38 

10 2.23 

11 ~ 2.09 

12 1.975 

13 1.87 

14 1.78 

- 

The J-dependence of the function F(J) is shown in table I. It turns out 
that for J = 6 and J = 12 the function is only slightly different from 3 
resp. 2. Thus the splitting pattern of the absorption line J = 6 is expected 
to show 14 components, the line J = 12 should give 25 components. This 
is confirmed by the experiments as is shown in fig. 4a and 4b displaying 
recordings of the Stark patterns J = 6 and J = 12 respectively. One of the 
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Stark components of the J = 12 pattern is not displaced with respect to 
the position of the absorption line; thus only 24 components are found in 
the recording. The difference in displacement BY between the ,Bl4 = + 1 
components and the nearest dM = - 1 component is very small: 
6V = [N - F(J)] (A 5210 - A~isa) E. From eq. 3 and 5 can be found: 

~Y(J = 6) = 0.18 MHz/ESU 
~Y(J = 12) = 0.06 MHz/ESU 

The half-line width of the absorption lines is about 0.5 MHz, if the pressure 
of the gas in the cavity is 2.10h2 mm Hg. Therefore a Stark field of about 
3 ESU for J = 6 and of 8 ESU for J = 12 would be required for a difference 
BY of a half-line width between the nearest components. Thus far the 
influence of higher order Stark effect was neglected. It is known, however, 

a 

iiJ L 

-FREQUENCY 10 MHz 

Fig. 4. Recorded Stark patterns of the transitions 

(a) J = 6 + 6 Y = 25.018 GHz, E = 0,7 ESU and 

(b) J = 12 -+ 12 v = 26.847 GHz, E = 1,8 ESU 

that the displacement of each Stark component has a small contribution 
from terms in second order of E 3). This leads to a M-dependent shift of 
the AM = + 1 pattern with respect to the AM = - 1 pattern. For an electric 
field of 3 ESU this shift amounts to about 1 MHz. Also in this way the 
components of the J = 6 and J = 12 patterns can be resolved using a 
strong Stark field. 

The influence of higher order terms can be seen in fig. 3, the position of 
the AM = - 1 components with respect to the neighbouring AM = + 1 
components varies following the components from the left to the right of 
the recording. 
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The Stark-splitting patterns of the absorption lines ,/ = 2 through 6 
were also recorded. Even for weak Stark fields these patterns are overlapping, 
because the frequency difference between the absorption lines is small. 
In fig. 5 a calculated splitting pattern for these absorption lines is displayed. 
Using the same electric field strength a recording of these patterns was made 

I 

I \ i 

I ; I 

’ _,_ 1 o_ .! ,_ ie2j2_ -l’!_ 0’ 1. !.z=3 
-2- 

I I 
I 
I 
I 
I I 

J =.4 
. * 3’ _3- _2_ Ji_4 o=s ,,1 2~’ 3_“‘4-1’ ’ 

I 

Js5 

_5-_4-.3-_2-_I- 0‘ ,- 2- 3- 4- 5. 6‘ 

I I 

25.0 24.9 
4- FREQUENCY (GHd 

Fig. 5. Calculated and recorded Stark splitting patterns of the transitions _,lJ == 0, 
J = 2 to 6, c’ =: 1.09 ESL:. The labelling of the components in the calculated patterns 
by ;\I+ (or :11-) corresponds to the 1dW -= j 1 (resp. 1:11 : ~ 1) transition of this 

component. The dashed lines indicate the positions of the unsplit lines. 

shown in fig. 5 above the calculated pattern. Every Stark component of 
the recording can be identified by comparison with the calculated pattern. 

In addition to this series of absorption lines there are some other lines of 
methyl alcohol in the microwave region which show first order Stark effect. 
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Only two lines will be considered. The corresponding transitions are: 

(J, K, 7, fi) = (3, 0, 3, 0) + (2, 1, 2, 0) and (J, K, T, n) = (3, 1, 2, 0) --f 
+(4,0,3,0)7). Th e calculated positions from fig. 1 are respectively 20.01 
GHz and 28.41 GHz. The observed frequencies are 19.967 GHz and 28.316 
GHz. A first order calculation yields that the energy level involving K = 0 
exhibits no lineair Stark effect. This means that in any Stark spectrometer 
only the first order Stark effect of the other level is observed. Thus both in 
AM = 0 and in AM = -& 1 transitions the same splitting pattern should 
be found apart from the difference in relative intensities of the Stark 
components. 

The splitting pattern of the absorption line J = 3 + 2, AM = + 1 
was recorded. The displacement of the components is described by the 
formula: Av = BMe. From the recordings followed : B = 22.4 MHz/ESU. This 
may be compared with the value obtained from AAd = 0 Stark patternss): 
B = 21.52 MHz/ESU, the calculated value being B = 21.88 MHz/ESU. 

Reversely, if both AM = 0 and AM = * 1 transitions yield the same 
Stark pattern the conclusion can be drawn that the Stark effect of one 
energy level involved in the transition must be zero, thus providing a means 
for identification. 

The same argument holds for the absorption line J = 3 -+ 4 mentioned 
above. The frequency of this line was beyond the range of the spectrometer. 

3. Absorption lines with second order Stark effect. In the microwave region 
several absorption lines of methyl alcohol are found showing second order 
Stark effect. As these lines can only arise from K-doublets (Fig. 1) it is clear 
that the Stark effect is of second order as long as the Stark energy is small 
compared to the doublet-separation. This separation AJK~?& is a rapidly 
decreasing function of K. For instance (Alo, 1, 3, 0) = 45.6 GHz, (Alo, 4, 3, 0) 
= 0.23 MHz. The quoted value of 4~130 = 417 J(J + 1) MHz = 1.39. 
.10-2 J(J + 1) cm-r in fig. 1 has been calculated from the observed 
absorption line (J, K, T, n) = (5, 1,3,0, +)+ (5, 1, 3, 0, -) at 12.51 1 GHz5). 
Using this value of AJ,~ the transition (J, K, T, n) = (7, 1, 3, 0, +) --f 
--f (7, 1, 3, 0, -) is predicted at 23.352 GHz. It can be assumed that the 
observed absorption line at 23.347 GHzs) belongs to this transition. 

The second order Stark effect of a transition WI + WZ can be deduced 
from the Stark energy of the energy levels: 

AW1 = h(m + pM2) e2 AW2 = h(y + 6M2) ~2 

Thus the splitting pattern for the transition M + M f 1 is described by: 

Y = YO + (AWs - AWl)/h = YO + [C + D(M * $)2] e2 (6) 
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The upper (+) sign corresponds to the AM = + 1 transition, the lower (-) 
sign to the AM = -1 transition. From eq. 6 follows that the AM = -1 
pattern coincides with the AM = fl pattern, therefore in the following 
only AM = + 1 transitions will be considered. 

It is well known that using a waveguide-Starkcell the second order Stark 

pattern (AM = 0 transitions) is described by: 

Av = (A + B&P) ~2 A : y - ct, R : h - /j (7) 

Comparison with eq. 6 gives: A = C + (@3/n - /j), B = D. 
There are two important differences between these Stark patterns: 
1) In the case of AM = 0 transitions the pattern consists of (J + 1) 

components, a minimum frequency-deviation is obtained for the component 
M = 0 (J is the smaller of the two rotation quantum numbers involved in 
the transition). The AM = + 1 pattern has (21 + 1) components, a minimum 
deviation is obtained if IM - p I &. Thus the lobe pattern is dependent 
on 9, that means on the ratio b//i’. 

2) In the case of AM = 0 patterns the intensities of the components are 
proportional to (J + 1)2 - M2: the consequence is that the component 
with largest frequency-deviation (;22 = J) has the smallest intensity. For 
weak or high J transitions this component may be obscured by the noise, 
so that it is impossible to determine the total number of components. 

The components of AM = + 1 patterns have intensities proportional to 
(J + M + l)(J + M + 2). In th’. 15 case the component with maximum 
intensity corresponds to the largest frequency-deviation (if p > 0). 

I 0 J. 4-95 I 5.4+5 4 
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Fig. 6. Calculated second order Stark patterns of the transition J 7~ 4 3 5, lLW -== 0 

(a) and the transition J -- 4 + 5, .1JI = $- 1 (b, c, and d) with different \-alues of p. 
The dashed lines indicate the position of the unsplit line, 



THE (T-STARK EFFECT OF ROTATIONAL TRANSITIONS. PART II 987 

Theoretical Stark patterns of the transition J = 4 + 5 are displayed in 
fig. 6 for the case LIM = 0 (a) and for AM = + 1 (6, c and d) with different 
values of $, assuming A/B = C/D = 2 (eq. 6 and 7). Following the com- 
ponents of the AM = + 1 transitions with decreasing M number and 
decreasing intensity, it is seen that the pattern changes direction at the point 
IM - PI I Q. Thus the weaker components of the Stark pattern are found 
among the components with larger intensity. Therefore a determination 
of the total number of components is generally difficult from AM = * 1 

Stark patterns. It is possible, however, to determine the number R of 
components comprised in the stronger tail of the pattern. The splitting 
constants C and D can be found as well. Thus a knowledge of the quantity 
p would provide a determination of J, the smaller rotation quantum number 
involved in the transition. Therefore a comparison of the constants C, D 
(eq. 6) and A, B (eq. 7) is useful. The following equations are obtained: 

It is easy to see that: 

A-C 
___ < 0 yields J = R - 2 or J = R - 1 

D 

A-C 

D 
> 0 yields J I R - 2 or J 2 R - 1 

This means that an upper limit for J is found except in the last case 
J 2 R - 1, while a lower limit for J is found from AM = 0 transitions alone. 
If the quantity (A - C)/D can be determined accurately, two values for J 
are possible from eq. 8. In most cases the lower rotation quantum number 
can then be fixed as the lower limit for J is known from AM = 0 patterns. 

In table II the measured quantities A, B, C, D and R of 7 absorption 
lines of methyl alcohol are given. C, D and R are obtained from recorded 
AM = f 1 Stark patterns. Examples of these recordings are shown in 
fig. 7a and 7b. A square wave voltage superimposed on a DC voltage was 
used for the Stark modulation. Most of the lines in table II have been 
investigated previously using a waveguide absorptioncella). The constants 
A and B and the lower limit for J are taken from ref. 3. It was not possible 
to get accurate values of C and D from the recordings. This explains the 
,discrepancy between the constants B and D, which should show the same 
value (eq. 7). From table II follows that (A - C) is of the order of D. 
Therefore p and J could not be determined, using the stated values of A, C 
and D. For a determination of p the relative error in the measurements 
of A and C should not exceed 10-s. 

It was also tried to identify the absorption lines with the aid of fig. 1. 
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For three absorption lines the appropriate transitions were found. These tran- 
sitions are added in table II. The most striking lines are those at 23.121 GHz 
and 23.444 GHz, which form a doublet. The energy levels and transi- 
tions of these lines calculated from fig. 1 are shown in fig. 8. The Stark 
patterns of these lines should be nearly the same, as it is affirmed by the 
constants C and D. 

The calculated position of the transition (J, K, 7, n) = (10, 2, 2, 0, +) 

--f (11, 1,3, 0, -) is 21.096 GHz, while the observed frequency of the 
absorption line No 2 is 20.970 GHz *) . 

Fig. 7. Recorded splitting patterns of absorption lines with second order Stark effect. 

The recordings present the first derivate of the patterns, as a weak square wave 

voltage superimposed on a high DC-voltage was used for the Stark modulation. The 

dashed lines indicate the position of the unsplit line. 

(a) v = 23.444 GHz, e,,c = 13.2 ESU (b) v = 26.120 GHz, P,,~ = 4.5 ESU. 

Note that in fig. 7b the slope of the derivate changes direction when the position of 

the unsplit line is passed over. 

From table II follows for the identified absorption lines: 
LineNo.2:R= J,lineNo.4and5:R= J+l. 
The conclusion is that for each absorption line p must be determined in 

order to find J. 

*) The small J-dependence of the terms ~~~~ can become of the order of 500 MHz if J is larger 

than 10. To eliminate this inaccuracy in the calculated position of the transitions a combination 

relation may be used. 
Therefore the calculated position of a second transition is needed in which the term Wgrn appears 

with opposite sign. In the sum of the two frequencies the internal energy terms cancel. In the case 

of the absorption line No. 2 the following combination can be used: 

Y1 = 22 x 0,8066 + w130 - wzzo - t (411,1 + dl0.Z) cm-l 
“2 = -18 x 0.8066 - w130 + wzzo - 4 (As,1 + d&Z) cm-’ 

With the aid of fig. 1 can be found: ~1 -t vg = 1,661 cm- 1. The observed positions of ~1 and ~2 are 

20.970 GHz and 28.970 GHz respectively 31. Thus the sum of the observed frequencies yields 
49.94 GHz = 1.665 cm-l. The remaining discrepancy can he due to centrifugal stretching effects. 
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The other absorption lines of table II could not be identified with the 
aid of fig. I. It may be possible that n = 1 --f 1 transitions are involved. 
In fact, the separation Wisi - Ws~i = 18.4 cm-l 7) is of the right order 
of magnitude to produce the transitions: 

(J,K,7,n) = (11,2,2, 1) -+(lO, 1,3, I)(+ ++ and - ---) 
(J,K,7,n) = (11, 1,3, 1) + (12,2,2, l)(+ -7 + and - --? -) 

The calculated doublet separation AJK~~ is: 

115131 = 18.10-4J (,I + 1) cm-i and 
AJSZ~ = 4.10~7 (J - 1) . . . (,J + 2) cm-1 

The values of R and J of these lines (No. 1, 3, 6, 7) arc in agreement with 

A 10.1.3.0’ 
1.529cm-1 

~=~(A,0.,.~.0+A9.2.2,) +-(E,0130 -E9220)= . . . . . . 

= 0.776 + 0.022 cm-‘+ 23.27 2 0.6 G Hz. 
Fig. 8. Energy lexrels corresponding to the absorption lines at 23.121 C;Hz :Lnd at 

23.444 (;Hz. 

these transitions. As the levels n = 1 are about 200 cm-i above the levels 
n = 0, the intensities of these lines should be 2 to 3 times smaller than the 
intensities of the identified lines. However, it was found that the absorption 
lines at 20.171 and at 21.550 GHz have about the same intensity as the line 
at 20.970 (;Hz. 

4. Discussion. The Stark patterns of absorption lines of methyl alcohol, 
recorded in this investigation show a good agreement with theoretical 
patterns. 

The lines with lineair Stark effect belonging to the transition A J = 0 
show the predicted coincidence of the AM = + 1 and AM = ~ 1 components 
for J = 6 and J = 12. This coincidence and also the relative position of 
the AM = + 1 and AM = -- 1 patterns of the other absorption lines give 
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an extra information on the Stark effect of the two energy levels involved 
in the transition. 

Although it was not possible to determine the J-number of the lines with 
second order Stark effect it could be shown that a combination of AM = 0 
and AM = f 1 patterns furnishes the information needed for that purpose, 
provided that the Stark effect constants are measured accurately. An 
additional method for a determination of the transition should be mentioned. 
This method deals with a measurement of relative intensities of the Stark 
components. For that purpose the Stark field must be homogeneous, 
otherwise the components will be smeared out. A Stark cavity as has been 
used in this investigationr) is suited for this method. 
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APPENDIX 

The first order Stark effect of the transition 

+(_7,2, l,(J). 
The energy levels of methyl alcohol are 

methods, starting from the wavefunctions of 
calculated by perturbation 
a simplified model. In this 

model the molecule is assumed to consist of two symmetric rotators (the 
methyl group and the hydroxyl group) having a common axis joining them. 
Exact solutions for the wave functions of this model are possible. 

Corresponding to the actual situation, the metyhl alcohol is represented 
by a model in which the hydroxyl group is now considered as an asymmetric 
rotator. The Schroedinger wave equation of this model cannot be solved, 
but matrix elements of the hamiltonian are found using the wave functions 
of the simplified model. Diagonalizing of the hamiltonian yields the energy 
levels. In this way the following equation is obtained for the first order 
Stark effect of the energy level EJK~~ : 

H’$g;z is the part of HJKrn JKrn dependent on the electric field E in first order. 
Only terms H$Ji9T;,nf of the form P + Qe are needed for this calculation, as 
they give a contribution 2PQ&. Therefore it is sufficient to use the following 

equation : 

IJKTTL 
AEJKWA = HJIlrn f 

Ivty.&1,T~,n~/2 lH;~;,~~~~~12 
(E JKT7l - EJ,K+l,r,,n,? + (EJK,, - EJ,K-l,7,n,) 
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For the transition (J, K, T, 12) = (,I, 1, 2, 0) + (J, 2, 1, 0) the Stark effect 
is calculated from : 

/l/i is the component of the dipole moment parallel to the symmetry axis 
of the CHa-group. 
The term proportional to F resulting from ,H:$~;",,7~,,s 2 takes th(L form : 

I( ill.5 
2. z AL___ 

2(J’ + J, 
.(.J + K +I)(./ - K).(I, ~ ;Iz).I:! 

b! 7 

I1 = (y’.’ I (p(q-“)* (J;.- (p(q ‘.T’.‘,‘) & 

z = constant, including the moments of inertia of the molecule 

Pl = component of the dipole moment perpendicular to the symmetry 
axis of the CH3-group 

44 A-T’1 = the internal rotation wavefunction of a symmetric hindered 
rotator. The function is periodic in s, tabulated Fourier- 
coefficients are found in ref. 4, page 33 1. 

Using these Fourier-coefficients the integrals I1 and 12 can be calculated. 
With the molecular constants known from literature6) 7) the Stark effect 
of the transitions was evaluated. The results are given in ccl. 5. 
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