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Effect of Methyl Bromide Additions on the Flame Speed 
of Methane 

Carl Halpern 

(September 5, 1962) 

The effect of small quantities of m ethyl bromide, up to 0.5 per.cent by volume, on the 
flame speed of methane-air mixtures has been C\etermmed. MaxImum flame spee.ds,. at 
given experimental cond ition s, are reduced proportlOnately to the amount of methyl bromIde 
added Flame speeds of rich mixtures are reduced much more than are flame speeds. o.f lean 
mixtu~es . Reaction zone thickness of methane-air flames is increased by t l.Ie addltlon of 
m ethyl bromide and the t hickness increases with th e amount of methyl bromIde. 

1. Introduction 

Halogenated hydrocarbons have long been used. to 
extinguish fires , and the effect ?f these com bu tIOn 
inhibitors on various combustIOn param eters has 
been the subject of many inv~stigat!ons [1- 10].1 
Limits of flammability, quenchmg dIstance,. and 
laminar flame speed all have been found to be affected 
by these inhibitors. Effect of inh~bitors ~m the limit 
of flammability bas been the chIef toplC of these 
investigations. The effect on flame speed has been 
little studied and what work that has been pub
lished usually treats of the effects of several inhibitors 
on a given fuel; description of the effect~ of other 
experimental conditions are usually lackmg [1,2 ,9, 
10j . It was felt that a study of the effect of on.e 
inhibitor on flame speed under controlled expeI"l
mental conditions would be of interest and of value. 
Methane was chosen as the fuel since we have had 
considerable experience in the determination of th e 
flame speed of methane-air rnixtures. Methyl 
bromide was chosen as the inhibitor. 

2 . Apparatus and Procedure 

A description of the apparatus and method used to 
measure flame speeds has l?een presepted earlier [~4j. 
Briefly, the apparatus conSIsts of drymg and met~rmg 
systems for air and fuel, and a nozzle, the. eXIt of 
which is the burner port. Means are provld.ed to 
control the temperature of the combustIble mIxture 
issuing from the nozzle. Flame . sp~eds are deter
mined by a total-area method, wInch IS based on the 
measurement of the area of an enlarged photograph 
of the schlieren image of the flame. 

It was decided t.o prepare mixtures of air and 
methyl bromide of the desired strength a;nd to me.ter 
these mixtures rather than to set up a thn'd metermg 
system for th~ small quantities of me~h:y-l bromide 
that would be required. Some error IS mtroduced 
in the metering of these mixtures, since the sharp-

I Figures In brackets indicate the literature references at the end of this paper. 
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edged orifice used was calibrated for air. ~owever, 
since the maximum amount of methyl brom~de .added 
was only 0.5 percent by volume of the aIr, It was 
considered that the error would be tolerable. 

The mixtures of methyl bromide and air were 
prepared in a 120 gallon (16 ft 3) steel tank. . The 
tank was evacuated to a pressure of several mlCTons 
and the methyl bromide admit.ted from its contamer. 
Rise in pressure was measured on a mercury manom
eter read to 0.01 in. Air from a compress~r was 
dried by passing first through a colum!1 of actlv3;ted 
alumina and then through a cold trap Immersed !n a 
slush of dry ice in a mixture of equal parts by weIght 
of chloroform and carbon tetrachloride. Water con
tent of the air is thus kept at 0.03 percent by volume. 
The dried air was admitted slowly to the tank, and 
the final pressure, generally 130 psi~ , was read 
on a calibrated Bourdon gage to 0.1 pSlg. 

The products of combustion, which contain hydro
gen bromide and . bromine, were drawn from ~he 
enclosure surroundmg the burner by a large capaCIty 
vacuum pump. Air currents, set up by the pump, 
so disturbed the flames that the pump was shut off 
when photogTaphs were taken. 

Mixtures of 0.1, 0.2, 0.3, 0.4, and 0.5 percent by 
volume of methyl bromide in air were prepar~d. 
For each mixture, the variation of flame spe~d WIth 
mixture ratio, by weight, of methane to. all" plus 
methyl bTomide was d~termined, gas velOCIty .at the 
exit of the nozzle bemg constant. The ra;tIO, by 
weight, of methane to air plus methyl brOl:llde was 
varied from 0.054 to 0.072, and the gas velOCIty at the 
port of the nozzle was varied from 3 to ? fps . . Con
trol of the temperature of the combustlble mIxture 
was such that the maximum change in temperature 
during a single run of about 3 hr duration was 
3.7 OF. Actual gas temperatures r~ng~d £Tom ~bout 
90 OF in the summer to about 75 F 111 the wmter. 
The variation of flame speed with temperature w~s 
determined using a mixture ratio of methane t<? aIr 
of 0.060 (the air contained 0.2% methyl bromld~) , 
and a gas velocity of 4 fps; the temperature ra~ge. 111 

this determination was from 70 to 95 OF . VanatIOn 
of flame speed with temperature was found to be 
0.00328 fps per OF , and this value was used to correct 



all flame speeds to a constant temperature 01' 75 of . 
It is not, expected that the rate of change of flame 
speed with temperature will differ appreciably with 
the relatively small amounts of meth~TI bromide 
added. Some previously unpublished data in our 
possession shows tha.t the rate of change of flame 
speed with temperature is unaffected by changes in 
mixture ratio . 

3. Results 

Combustion of methane with ail' to which methvl 
bromide had been added proceeded smoothly. 
The outer mantle of the flames was colored brown 
by the formation of free bromine and the odor of 
bromine was noticeable. At lean conditions, the 
brown color began close to the base of the flame 
and extended to the tip. As flames became richer 
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in fuel, the normal blue-green color of the inner 
COlle appeared and the brown color Wf.S seen only 
near the tip of the outer mantle. As the concentra
tion of methyl bromide was increased, the brown 
color became more intense, but in rich fla,mes was 
visible only near the tip of the outer m antle. It is 
probable that hydrogen bromide is the original 
product and is converted to bromine by the overall 
reaction: 4 HBr + 0 2--"-72 Br2+ 2 H20. Appar
entl,v there is insufficient oxygen in a rich flame for 
complete conversion of hydrogen bromide. 

The variation of flame speed with mixture ratio 
for a methane-air flame is shown in figure l. This 
is taken from our previous work [14] with the values 
of flame speed corrected to 75 of. The maximum 
Hamc speed is 1.196 frs, at a fuel-air ratio of 0.062. <
A t a fuel-air ratio of 0.054, flame speed is 1.057 fps, 
and at a fuel-air ratio of 0.072 , flame speed is 0.980 
fps . 

Results of addition of methyl bromide are shown 
in figures 2 through 6. It should be noticed that gas 
mixtures described as ha.ving the same mixture ratio < 
but with different amounts of methyl bromide added 
do not have exa.ctlv the same ratio of fuel to air. 
As the amount of additive increases, the amount of 
ail' decreases, and the ratio between fuel and air 
increases; but this increase is only a matter of about 
a tenth of a percen t. However, these facts should be 
remembered whcn comparing results. F igure 2 
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FIGURE 2. Effect of addition of methyl bmmide on the flame speed of methane. 
Percentage metbyl bromide added: a=O.l; b=0.2; c=0.3; d=O.4; and e=0.5. Gas velocity=l. 3 fps; 2,4 fps; 3,5 fps; and 4, 6 fps. 
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sholl's the variation of [1 :1, lll e speed wi th mixtul'e 
rat io, h.\' weigh t, or lll eLha ne t.o ail' plus metbyl 
broillide , \I-hen 0.], 0.2 , 0.3,0.4 , a l1d 0.5 percent h.\~ 
volu ill e, respectively, of methyl bromide is added to 
ail', and at gas velocities or 3, 4.5. a,nd 6 fps. 

For each addit ion of metlrd bl'oillicle and at each 
gas velocit,\' , th ere is [ounel one value or mi,-ture 
ratio at which flame speed is greatest. Maximum 
fl nill e speed for a rn ethane-ail' flame occurs at mix
Cure ratio 0.062 ; addition of metll :'d bromide cause 
maximum flame speed to shirt to leaner c0I1(1 itions, 
especially at th e 10\\'er gas velocities. (Stoicllio
lli etric for a methane-air fl ame is equivalent to a 
mixture ratio of 0.0583.) Table 1 lists the maxinllllH 
fl ame speeds and the experimental condit ions at 
II' hich th ey were observed. 

T A BLE 1. IV aximwnflame speeds 

J"lnrnr \1'( C I I, F lame speed I 
spced rerccll tC ll l lJr l I (las 

added to air velocity 
\\'la ir+C II , llr Fl a llle speed C H ,-ai r 

- --- ----I . ---
fps fps 

1. HlG 0.002 0 _____________________ 6 

1.186 .058 O. I I 0.992 ~ 
1. 1:l5 .058 .'2 

I 
.9'lI ;j 

1. 029 .058 .0 .860 0 
0.945 .0.\6 .4 .790 0 
.840 . 000 ,,\ .704 0 

1. 18(j .000 . 1 I .992 
1.100 .060 .'2 .922 
I. 029 .062 .3 .860 
0.958 .056 .4 .801 
.864 .060 .5 .722 

I. 185 . 000 .1 .991 
I.ll7 .062 . 2 .934 
I. 047 . 058 .0 .875 5 
0.967 .002 .4 .800 5 
.867 .002 .5 .724 5 

1. 186 .002 .1 .992 6 
1. 127 .062 .2 .942 (j 
1. 006 . 002 .0 .84 1 (j 
0.945 .004 . ,1 .790 6 
1\, 790 .066 .5 .66 1 6 

• l3Iow-o n occurred at 0.064. 

Flash-back whi ch rcpresen ts the rich limi t of 
operation of the burner was not encountered at any 
of the experimental conditions used. Blow-off 
which represents Lbe lean limit of operation was 
r ather frequent especially at gas velocities of 5 and 
6 fps. No cases of blow-off wer e encoun tered at 3 
fps and only one at 4 fps ; this OCCUlTed at mixture 
ratio of 0.058 with 0.5 percent CH3Br added to the 
air. T able 2 lists the conditions at which the leanest 
flame could exist before blow-off occurred . It can 
be no ted that as the amoun t of methyl bromide in
creases, the lean limit shifts toward fuel-ri ch con cli
tions, while the flame speed becomes less. Rich 
flames are thus stabilized when methyl bromide is 
present. 

T heoretically, t he velocity with which com bustible 
gas issues from a burner should have no effect on the 

I flame speed. In l)rac tice, some variation of fl ame 
speed with gas velocity is noted [14] . In this present 
work, a small decrease of flame speed wi til increasillg 

, gas velocity, amounting to about 2 percent of tllO 
average value ovor t he gas velocity range covered, 
was found at mix Lure ratios yielding maximum flame 
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TABLE 2. Lean limit oj operation oj bllmer 

\I' t 0 11 , 
Pel'cellt C I 1, 13 1' Oas Flnmc 

added to ail' veloc ity speed 
\I' t a ir+C II , 1l1' 

fp·! fps 
O. I 0.05H (i 1.1 5G 
.2 .056 5 LOR I 
.2 .058 (j l. 103 
.3 .058 l. 0·17 
.3 _ 062 1.00(; 

.4 _058 5 . ~58 

.4 .002 6 .9-11 

.5 .060 4 .80·1 

.5 .002 5 .867 

.5 .066 6 .790 

speeds, and at leaner co nditions. At rich coudi tions, 
flame speed increased wi th gas velocity, and the 
variation amounted to as much as 15 percen t of the 
average value. Rich fl ames, however, are very tall 
as t he flame speed is very low, and tall flames are 
very susceptible to dis turbances. it is possible, the re
fore, that the increased var iaLion of flame speed with 
gas velocity may be due to these dis turbances. 

The addition of m ethyl bromide to the combus tion 
elir reduces t he m aximum flame speed and the more 
methyl bromid e added, the greater is the reduction 
in fl ame speed. Flames burning at mixture ratios 
greater than t hat at whi ch m aximum flame speed 
occulTed are more affec ted by methyl bromide than 
R.re those burning }It leaner conditions. At 0.1 per
cent methyl bromide addition, for example, and at a 
gas velocity of 3 fps, the maximum flame speed is 
1.186 fps at a mixture ratio of 0.058. At a mixture 
ratio of 0.072 fl ame sp eed is 0.718 fps whi ch is 60.6 
percent of the maximum , while at mixture ratio 
0.054, flame speed is 1.134 Ips which is 95.6 p ercent 
of the Illelximum. The corresponding percentages 
1'01' the methane-air flame are 82 .0 percent at mix
ture ratio 0.072 and 88.4 percent at mixture mtio 
0.054 . The addition of 0.1 and 0.2 percent of methyl 
bromide even increases the flame speed at lean con
di tions. At a gas velocity of 3 fps, the flam e speed 
at mixture ratio 0.054 is 1.134 fps for a 1 percen t 
addition ancl1.120 ips £01' 0.2 percent addition. For 
a methane-air flame, fl ame speed is 1.057 fps at mix
ture ratio 0.054 and a gas velocity of 6 fps . 

In figure 3, flam e sp eed is plotted against the per
cent of methyl bromide added t o the com bustion air. 
:\1ixture ratio is 0.062 and gas velocity is 5 1'ps. 
Flame speed clecreases as the percentage of methyl 
bromide increases, and the data poin ts fall along a 
strl:t.ight line. For all experimental conditions of mix
t ure ralio , gas velocity and m ethyl bromide addition , 
similar results were found. H ence, it may b e de
duced t hat the reduction in flame speed is directl.\
proportional to th e amount of meth:vl bromide, at 
least in the range of addition used in this work. In 
figure 4, the maximum. flam e speed at each ad dit ion 
or methyl bromide, at constant gas velocity, is 
plotted against the percentage of methyl bro mide, 
and again the dR.ta points fall on a straight lin e, and 
the slopes of t hese lines are of similar magnitude. 



The reduction in maximum flame speed is directly 
proportional to the amount of methyl bromide added 
and amounts to 0.0828 fps for each tenth percent of 
methyl bromide added. 

In the method used for determining flame speeds, 
photographs of the schlieren and visible images of 
the flame are taken simultaneously on the same film. 
The schlieren image which depends on the change 
in density and thus on the change in temperature 
marks the position where chemical reactions begin 
in the flame [15]. The visible image indicates the 
region in the flame where reactions are completed 
[16] except for equilibrium changes. Hence, the 
separation between the schlieren and visible images 
is a measure of the thickness of the reaction zone. 
However, since both images in an enlarged photo
graph are rather diffuse, t hese measurements cannot 
be considered exact. 

It is found that the thickness of the reaction zone 
varies with the flame speed; the greater the flame 
speed, the less is the thickn ess of the reaction zone. 
Figure 5 shows the variation of reaction zone t hick
ness with mixture ratio at constant gas velocity; 0.2 

1.30 

~ 1.20 .... 
o 
~ 1.10 
CL 
U1 

~ 1.00 

" --' 
LL .90 

.80 

... 

o 

1~ 

~ ~ 
............. 

" r-............. 
0.1 0. 2 0.3 0. 4 0.5 0.6 

ADDEO METHYL BROMIDE. % 

FIGURE 3. Variation of flame speed with added methy 
bromide. 

1.25 

I. I 5 

1. 05 

V> .95 
0. .... 
0 

.85 w 
w 
D--
Ul 
w .75 
::; 

" --' 
LL 1.25 
::; 
::> 
::; I. I 5 
x 
" ::; 1.05 

. 95 

. 85 

. 75 
o 

Mixture ratio, by wci~ht, = 0.062. GflS velocity=5 Ips. 

.... 
~ I 

........ 
['............ 

~ 
~ 

............ 

............ 
.............. 

2 

""'.,j 

............... 
'1~ 

~ )-.... 
-... 

0 .1 0 . 2 0.3 0.4 0.5 

percent methyl bromide was added to the air and 
the gas velocity was 4 fps. Similar curves are ob
tained for all the other experimental conditions. 
Figure 6 shows the variation of reaction zone thick
ness with added methyl bromide at constant mixture
ratio and at constant gas velocity. Mixture ratio 
was 0.070 and gas velocity was 6 fps. Zone thick
ness increases with the amount of methyl bromide 
added, and similar results were obtained at all other 
experimental conditions of mixture ratio and gas 
velocity. From some previously unreported experi
ments, it is found that the reaction zone thickness 
uf a methane-air flame at fuel-air ratio of 0.070 and 
gas velocity of 6 fps was 0.0180 in. Minimum thick
ness was 0.015 in. and occurred at mixture ratio 0.062. 

( 
The mechanism of combustion inhibition by halo-

genated hydrocarbons is not fully understood [5, 9, 
11, 12]. Since the combustion of hydrocarbons in 
air involves the propagation of chain reactions by 
free radicals, it is plausible to assume that the , 
presence of halogen results in the deactivation of 
one or more of the chain carrying radicals. Since I 
deactivation would effectively decrease the rate of ( 
reacLion, the general effect of chemical inhibitors in i 
decreasing flame sp eeds would be explained. The 
increased r eaction zone thickness which results on 
the addition of methyl bromide may also b e ex
plained by the effective decrease in reaction velocity. 

The increase in flame speed noted at lean condi
tions at additions of 0.1 and 0.2 percent methyl '" 
bromide cannot be so explained. Since there is 
more oxygen in a lean flame, it may be that methyl 
bromide acts as a fuel rather than an inhibitor 
at this condition and the r eaction mechanism 
is different. If methyl bromide acts as a fuel, 
then the mixture ratio should be expressed as 
wt methane + wt methyl bromide. h' h th 
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value is 0.057 instead of 0.054, and 0.059 instead of 
0.056 for the addition of 0.1 percent methyl bromide. 
Then if we superpose the curve for flame speed versus 
mixture ratio at 0.1 percent methyl bromide addi
tion, using the new values of mixture ratio , on the 
curve for methane-ail', the two curves agree for 
values of mixture ratio less than that at which 
maximum flame speed occUlTed. 

4. Experimental Observations 

Table 3 presents in detail observations on the 
effect of some variables on the flame speed and 
reaction zone thickness. 

TABLE 3. Effect of some variables on flame speed 

A. 0.1% OH,Br added to air 

Wt orr, I Reaction zone I Gas tempera- I I Flame speed 
t hickness ture Flame speed corrected to 

Wt air+O H,Br 75° F 

1. Gas velocity=3 fps 

in. o f /ps /ps 
0.05407 0.0155 91. 3 1.1S7 1.13{ 
. 05608 . 0146 91. 4 1. 224 1.170 
. 05807 . 0168 90.0 1. 234 1.1S6 
. 06013 . 0165 90.6 1. 236 1.185 
. 06216 . 0168 90.9 1.190 1. BS 
.06410 . 0190 91. 2 1.127 1. 074 
.066LO .0200 91. 3 1. 032 .979 
.06800 .0223 91. 4 . 944 . S91 
. 07013 . 0257 ~1. 4 . 83'1 . 780 
.07214 .0305 91. 3 . 771 . 718 
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TABLE 3. E.fJect of some variables on flame speed-Continued 

Wt orr, I Reaction zone I Gas tempera- I I Flame speed 
thickness ture lela me speed corrected to 

Wt air+OII,Br 75° F 

0.05436 
.05592 
. 05794 
.05992 
.06189 
.06387 
.06594 
.06794 
.06989 
.07196 

0.05409 
.05593 
.05808 
.06010 
. 06204 
.06406 
.06604 
. 06809 
.07006 
.07204 

0.05807 
.06003 
.06200 
. 06402 
.06601 
.06300 
.07003 
. 07198 

0.05406 
.05601 
.05803 
.0599 
. 06206 
.06402 
.06599 
.06794 
.07000 
. 07202 

0.05394 
.05591 
.05794 
.05996 
.06197 
. 06391 
. 06594 
. 06787 
.06994 
. 07197 

0.05600 
.05800 
. 05998 
. 06199 
.06396 
.06597 
. 06801 
. 06999 
. 07198 

2. Gas vclocity = 4 fps 

in . OF 
0.0192 S9. G 
.0172 87.8 
.0179 88.3 
.0202 88.9 
. 0191 89.2 
.0195 89.6 
.0219 89.6 
.02~5 89.3 
.0272 89.3 
. 0295 89.3 

3. Gas veLocity =5 fps 

0.0198 86.6 
.0191 87. 1 
.0203 87. 0 
.019l 84.8 
.0224 5.8 
. 0228 86. 1 
. 0218 86.6 
.0238 87.0 
.0267 86.9 
.0284 87.0 

4. Gas velocity=6 fps 

0.0190 86. 1 
. 0203 86.2 
.0192 85.6 
.0212 84.9 
.0225 85.4 
. 0238 86.0 
. 0260 86. 1 
. 0287 86. 3 

D. 0.2% OIT, Dr added to air 

1. Gas velocity = 3 fps 

in. OF 
0.0217 74.5 
.0202 74.8 
.0201 75.2 
.0181 75.2 
.0207 75.5 
. 0221 75. 3 
.0236 76. 0 
. 0251 75.6 
.0279 75.2 
. 0328 75.1 

2. Gas velocity = 4 Ips 

0.0203 77.7 
.0182 75.8 
. 0182 75.8 
.0183 75.9 
. 0203 76. 1 
.0205 76.4 
. 0220 76.9 
. 0237 77.2 
. 0272 77.4 
.0295 79.5 

3. Gas velocity = 5 Ips 

0. 0190 77.2 
. 0178 77.5 
. 0198 76. 7 
. 0200 76.6 
. 0207 76.6 
.0218 76.8 
.02;30 76.9 
.0258 77.1 
. 0278 77.2 

/1'S /ps 
1.168 1.120 
1. 203 1.167 
1.217 1. 174 
1. 232 1.186 
1. 203 1.156 
1.143 1. 094 
1. 090 1.042 
1. 014 .967 
.923 .876 
.866 .818 

1.133 1. 094 
1.174 1.135 
1. 207 1.168 
1.217 1.185 
1. 20 L 1.167 
1.162 1.126 
1.108 1. 070 
1. 050 1. Oll 
.991 .952 
.90'1 .864 

1.192 1. 156 

i:~~ 1.171 
1.186 

1.186 1.153 
1.129 1. 095 
1. 092 1. 056 
1. 027 .991 
.943 . 906 

/ps /va 
1.109 1.110 
1.121 1.120 
1.126 1.125 
1.120 1.120 
I . U 5 I . U3 
1.049 1. 048 
.983 .980 
.890 .SS9 
.787 . 786 
.706 . 706 

1. 053 1. 044 
1. 088 1. 085 
1.105 1.103 
1.106 1.103 
1.092 1.088 
1. 038 1. 033 
.966 .960 
.899 .892 
. 859 . 85L 
.778 . 764 

1. 091 1. 084 
1. 098 1. 090 
1.115 1.110 
1.122 1.117 
1.102 1. 097 
1. 043 1. 037 
. 995 .989 
. 912 . 906 
.882 .874 



TABLE 3. Ej)'ect of some variables on flame speed- Continued 

Wt CH. ' I Reaction zone I Gas tempera- I I Flame speed 
thickness ture Flame speed corrected to 

Wt ai r+CII,Br 75° F 

0.05798 
.05994 
.05199 
.05397 
.06597 
.06804 
.06995 
.07197 

0.05391 
.05602 
.05799 
.06019 
.05210 
.06414 
.06610 
.06810 
.00997 
.07190 

0.05390 I 
. 05594 
.05796 
.05990 
.06193 
.06093 
.05596 
.06794 
.07002 
. 07190 

0.05804 
.06000 
.06211 
.06410 
.06613 
.00807 
.07000 
. 07203 

0.06196 
.00418 
.06607 
.06804 
.07000 
.07198 

0.05391 
.05593 
.05795 
.05993 
.06194 
.05393 
. 06596 
.06790 
.06988 
.07195 

4. G as velocity = 0 Ips 

in. OF 
0.0195 77.8 
.0212 77.8 
.0207 78.7 
.0207 70.2 
. 0230 70.7 
.0247 77.2 
.0278 77.6 
.0295 77.8 

C. 0.3% Cl-I ,BI' added to air 

L Gas vclocity = 3 Ips 

in. oF' 
0.0237 80.6 

. 0253 80.0 

.0220 79.6 

.0234 79.8 

.0258 80.3 

.0237 80.4 

.0258 80.2 

.0295 80.6 

.0349 79.2 

.0395 79.3 

2. Gas velocity = 4 Ips 

0.0203 78.3 
.0200 77.3 
.0190 76.5 
.022S 70.7 
.0217 77.1 
.0252 78.3 
.0240 79.1 
.0260 78.9 
.0299 77.9 
. 0297 77.2 

3. Gas velocity = Sips 

0.0210 77.4 
.0222 70.6 
.0207 77.5 
.0215 70.2 
.0242 76.8 
.0270 77.2 
.0300 77.0 
.0350 70.5 

4. Gas velocity = 6 Ips 

0.0232 
.0247 
.0272 
.0283 
. 0300 
.0345 

77.8 
7i.4 
78.9 
7i.3 
77.4 
77.8 

D. 0.4% CIbEr added to air 

1. Gas velocity=3 Ips 

in. OF 
0.0203 72.5 

.0207 73.9 

.0209 75.0 

.0218 75.4 

.0225 75.8 

.0248 74.6 

.0270 72.7 

.0315 72.9 

.0372 74.6 

.0408 75.3 

Ips 
1.112 
1.120 
1.139 
1.087 
1. 064 
.996 
.931 
.844 

Ips 
1. 004 
1. 029 
1. 044 
1.001 

.956 

.892 

.817 

.747 

.701 

.631 

0.984 
1. 016 
1. 013 
1.024 
1.036 

.955 

.909 

.839 

.778 

.729 

1. 055 
1. 045 
1. 037 
1. 013 

.959 

.913 

.847 

.757 

1.015 
.981 
.955 
.884 
.833 
.749 

Ips 
0.930 
.941 
.942 
.918 
. 872 
.8Il 
.745 
.708 
.628 
.576 

ps 

Ips 

Ips 

1.103 
1. 117 
1.127 
1. 083 
1.058 

.989 

.922 

.836 

0.985 
1. 013 
1. 029 

.985 

.939 

.874 

.800 

.729 

.687 

.617 

0.973 
1.008 
1.008 
1.019 
1. 029 
.954 
.896 
.827 
.769 
.722 

1.047 
1. 040 
1. 029 
1.009 
.953 
.900 
.840 
.752 

1. 006 
.974 
.942 
.877 
.825 
.740 

0.938 
.945 
.942 
.917 
.869 
.812 
.752 
.701 
.623 
.575 

TABLE 3. EJ),ect of some variables on flame speed- Continued 
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Wt CII , I 

Wt air+C IT,Br 

0.05395 
.05591 
.05790 
.05995 
.06193 
.06395 
.06600 
.06798 
.07000 
.07196 

0.05795 
.05978 
.06177 
.00375 
.00578 
. 06775 
.06978 
.07175 

0.06202 
.06099 
.06598 
.06801 
.07001 
.07204 

0.05399 
.05602 
.05802 
. 00003 
.00200 
.00397 
.06590 
.06797 
.07001 
.07204 

0.06000 
.06192 
.06396 
.06594 
.06793 
.07002 
.07194 

0.00190 
.06398 
.00593 
.06793 
.06994 
.07199 

0.06599 
.06801 
.06999 
.07200 

Reaction zone I Gas telllPcra- 1 I-Flame speed 
thickness ture Flame speed corrected to 

75° F 

2. Gas velocity = 4 fps 

in. OF 
0.0228 74.8 
.0227 75. I 
.0205 75.2 
.0217 74.8 
.0237 7·1.7 
.0248 74.7 
.0280 74.7 
.0303 74.8 
.0360 75.2 
.0397 75.4 

3. Gas velocity = 5 Ips 

0.0225 75.3 
.0227 75.3 
.0237 74.8 
.025S 73.2 
.0272 74.5 
.0300 75.2 
.0340 75. 1 
.0393 74.2 

4. Oas velocity=6 fps 

0.0233 
.0248 
.0260 
.0297 
.0325 
.0380 

84.6 
82.8 
83.0 
81.0 
81. 6 
82.9 

E. 0.5% C fT3Br addcd to ai r 

1. Oas vclocity=3 fps 

in. 0li' 
0.0248 80. I 
.0235 79.7 
.0233 79.9 
.0238 76.8 
.0240 77.6 
.0250 78.3 
.0265 78.6 
.0282 78.6 
.0328 80.0 
.03 70 79.6 

2. Gas vclocity=4 Ips 
-

0.0230 78.7 
.0232 79.3 
. 0252 79.7 
.0278 80.0 
.0307 80 5 
.0330 80.7 
. 0387 81.0 

3. Gas vclocity=5 Ips 

0.0275 75.0 
.0275 75. 4 
.03!! 74.6 
.0325 75.5 
.0377 75.6 
.0422 75.6 

4. Gas velocity=O Ips 

0.0293 70.4 
.0323 75.5 
.0362 70.0 
.0415 75.8 

Ips 
0.895 
.958 
.945 
.935 
.916 
.877 
.804 
.770 
.677 
.628 

0.959 
.957 
.967 
.934 
.872 
. 822 
.730 
.672 

0.972 
. 971 
.904 
.843 
.778 
.741 

Ips 
0.830 

.844 

.858 

.849 

.820 

.801 

. 773 

.769 

.734 

.629 

0.870 
.871 
.844 
.811 
.761 
.706 
.633 

0.867 
.841 
.813 
.719 
.682 
.004 

0.795 
.735 
.584 
.603 

Ips 

Ips 

0.896 
.95S 
.944 
.936 
.917 
.878 
.805 
.771 
.676 
.627 

0.95g 
.957 
.967 
.940 
.873 
.821 
.730 
.674 

0.941 
.945 
.908 
. 823 
.757 
.716 

0.81+ 
.829 
.842 
.843 
.818 
.790 
.761 
.757 
.718 
.614 

0.80! 
.856 
.829 
.794 
.743 
.688 
.614 

0.867 
.840 
.814 
.718 
.679 
.503 

0.790 
.733 
.681 
.601 



5 . Conclusions 

Small amounts of methyl bromide added to 
methane-air mixtures have a large effect on the 
flame speed. :Maximum flame speed is reduced 
proportionately to the amount of methyl bromide 
added. Flame speed of rich mixtures is much more 
reduced than that of lean mixtures. Reaction zone 
thickness IS increased by the presence of methyl 
bromide. . 
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Reliability of a system in which spare pa rts deteriorate in 
storage, G. H. W eiss, J. R esea1"Ch "V BS 66B (Jf ath. and !If ath. 
Phys .) No.4, 157 (Oct.- Dec. 1962). 75 cents. 
The problem considered is that of determining the fai lure 
statist ic~ for a s.vstem consisting of a single part and n spares, 
in ,,·hich it is assumed that t hat failure occurs at different 
rates in use a nd in storage. The resultin g eq uat ions can be 
solvcd cxpli ciUy ,,·hcn both types of failures foHolI' a Poisson 
lall". Otherwise algorithms are given for the calculation of 
thc failure probabilities. 

Laguerre expansions for successive generations of 11 renewal 
process, O. H. Weiss, J. R esearch NBS 66B (M ath. and JlTath. 
Phus.) No. ;" 165 (Ocl. - Dec. 1962). 75 cents. 
It b ShOll"ll that thc coefficients in the LagllPtTe ex pansions 
for Sttcccssh·c ge twrat ions in a renewal proct'ss an' rclaLed b~' 
~Ln a lgrbraic convolu tion. Thus the calcu lat ions are em;i ly 
mcchani zed for computat ion. 

An appl ication of information theory to the analysis of con
tinge ncy tables, with a table of 2n In n, n = I (1) 10,000, S. 
Kullback, M. KlIpperman, and II. II. Ku, .T. Research XBS 
66B (Math . and Jrath. Pilys.) Xo. ;" 2 17 (Oct. - Dec. 1962). 
75 cents. 
I n this pap(,r \I·e prcsent a number of useful tcsts for contin
gency tablcs in conjunction with a usdul tablp to a~sist itt the 
necessary computations. A cott~istctt Land silllplc approach 
based on tl](' notions of information t }1('or.I' is usC'd in dcvf'}op
ing the various tcst proccdurcs and Lhe results arc anal y~ed 
in t he form 01 ana lysi ~-of-informatiotl ta,ble~. Bcg;inning wi th 
tests of h.vpothcses for a one-I\"a.v table, lests of hypolll('sCS 
of slx'cified prob,tbil ilies, independence, conditional indcpl'ttd
ence, homogcncity of c1assificalion5, s.vmmctry, and intcI"Hc
tion a rc developed or indicated for cont in gency tables of two, 
threl', fOllr, and higher order classifications. Extension of 
these procedures to certain tcsts for Markov chains is indi
cated . Worke'd example:; arc givcn throughout the paper. 
A table of 2n In n for n = 1 (1) 10,000 i5 appended for usc in 
com putation. 

Use of surface refractivity in the empirical prediction ()f total 
atmospheric refraction, W. ll. Iliff and .I. i\I. Holt, J. R e
search NBS 67D (Nadi a Prop. ) No.1 31 (J an.- Feb . 1963). 
70 cents. 
The use of a 1.9-cm radio sextant capable of precise t racking 
of the sun has produced accurate measurl?ments of total at
mosph eric microwave refraction. These data a re used to 
verify the high correlat.ion of such refrac t ion with surface 
refriLctivity for low altitude a ngles . The values of the corre
lation coefficients obtained vary from 92.2 percent at 16 
degrees to 98 percent at 2 degrees. An e mpirical predictor 
is developed, based on this correlation, which satisfactorily 
accouttts for the observed refraction. The math e lU>tti cal form 
of the predictor is givcn , and suggestions are made for its usc. 

Composition of reflection and trans mission formulae J . 
H eading, J. R esearch NBS 67D ( Radio Pro p. ) No.1 65 
(J an.- Feb. 1963) . 70 cents. 
An integral equatio n for the electric fi eld in a continuously 
stratifi ed ionized med iu m is derived ; t his is t hen man ipulated 
Lo y ield equations for the reflcetion and t ransmission coeffi
cients, at t he same t ime being susceptible to physical inter
pretation. The equation s arc solved by successive app roxi
mations, t he first terms being a F resnel-type coe ffici ents. 
Various applications of the results are discussed . 

Titheridge coefficients for the polynomial m ethod of deducing 
electron density profiles from inograms A. H. Long and .I. 
O. Thomas, J . R esearch N BS 67D ( Radio P rop.) No.1 79 
(Jan. - Feb. 1963). 70 cenls. 
Sets of Titheridge polynomial coefficients su itable for t he 
conversion into elect ron density profiles of smooth vil· tual 
height frequency curves, such as t hose observed regularly at 
night, iLre prese nted for a series of values of t he magnetic dip 
angle and gyrofrequency. These magnetic cond it ions have 
been chosen so t hat the coefficients are suitable for t he a nal
ysis, to a reasonable degree of accuracy, of ordin ary a nd 
extraordinary ray records obtained a nywhe re in t he world. 
The coefficients may be used for the analysis of topside
so under data to a fi r~t oreler of accuracy if the plasma fre
quency at the satelli te is small. 

Che mistry of ce me nt. Proceedings of the Fourth Intern a
tional Symposium, Washington, 1960, NBS Mono. 43, Vol. 
[ (Aug. 31, 1962), $5.75; ['01. II (Sepl. 27, 1962), $5.50. 
'l'he lwo volumes are available at $11.25 a set. 
Thi~ two-volume Monograph co nta ins the completc texts of 
all papers given at the Fourth International Symposiu m on the 
Che mistry of Cement, held in Washington, D .C., October 
2- 7, l \)(iO. The publi cation rept·esents one of the most 
complete reference II·orks available on the subjl'ct, and 
presents the latcst information in IllOCit of t1,e fielcb of cement 
chemi:;try research. Topics covcred, div idt'cI accord ing to 
session titles: Volunw I, Cht'mi-;try of clin kcr, clwtnistry of 
h.vdration of cement compounds, and chemi.,try of hydration 
of portland cement; Volume II, Properties of cemen t p :tste 
and concrete dCotructive processl'S in concrete, chemical 
additions and admixtures, and special cements. 

Tables of Eisenstein functi ons. Vibrational contributions 
to the thermodynamic func tions, .I. lIibellmlh and G. O. 
Ziegler, XES Mono . . ;,9 (July 12 ,1962) $2 .75. 
Tabl('s a re prese ntcd for tho contribution of a hcutllonic 
o.icillator to the frt'e energy function, enthalpy funct ion, 
entropy, and hcat capacity of gases. Dimensionlcss values 
of the Planck-Einstein funct iotts arc given as a fu nction of 
.1" = Ifc/k'l ' for x = O.OOlO(.OOOI) 0. 1500(.00 1) 4.000 (.01) 
J 0.00(.2) W.O. A second table which gives the con t ribu tions 
in cal/ mole OK dir('ctly as a function of frequency,.,., and 
lcmpemtltl"e '1', \I·as computed using t he valups 1.43880 for 
the second radiation constant he/ Ie, a nd 1.08717 for t he 
universal gas con~tant R. The a rguments for t h(' latter 
table are spaced at 10 wave number in te rvals from 100 CI11- 1 

to 4000 cm- t. 

Bibl iography on atomic transitio n probabilities, B. M. 
Glennon and W. Wiese, NBS Mono. 50 (Aug. 1, 1962) 35 
cenls. 
A bibliography on atomic transition probabili ties is pre5ented. 
The papers a re a rranged according to clements and stages 
of ionization, a nd the method employed and class of transi
tions a re indicated behind eac h refe rence. Only a rticles on 
discrete t ra.nsitions, both permitted and forbidden , are 
listed. Also included is a supple mentary list of papers 
dcalin g with transit ion probab il ities [rom a general point of 
view, a table showing t he availabiJity of numerical mate rial 
on the individLl:11 ato ms and ions, and a table of conversion 
factors . 
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Experimental transition proba bilities for s pectral lines of 
seventy ele me nts, C. I-I . Corliss and W. R. Bozma n, NBS 
Mono. 53 (July 20,1962) $4·25. 
R elative in tensities of 39,000 s pectral lines with wavelengths 
between 2000 and 9000 a ngstroms have bee n dctermined on 
a uniform energy scale fo r seventy clements . The light 
source was a n arc between co pper electrodes to which a single 
element was added in the ratio of one atom of element to 



1000 atoms of copper. The temperature of the arc \I'as de
termined, b.v compa rison of t he observed in tensities wi th 
published relative ai-values, to be 5100 ± 110 °1<' The degree 
of ionization of eleven clemen ts in t he a rc was determi ned 
by comparison of intensit ies in spectra of neutral and ionized 
atoms I,'it h kno lyn absolu te ai-values. Wi t h the aid of Baha's 
ioni zation eq uat ion , the electron density in t he a rc \I"as fou nd 
to be 2.4 X 10"cm- 3 . The ionization of seventy clements 
separately added to t he arc was t hen calculated wi th Sah a's 
equation . A correct ion \I' as ma de for diffusion of atoms 
from t he arc st ream. With t his infor'mat ion, relat ive values 
of of on a uniform scale can be computed for t he 25,000 lines 
,,-hich have b('en classifi ed. By calibration ,,-i t h knO"'n abso
lu te of-values, t he scale is put on an absolute basis. Abso
lute transitio n probabili t ies for 25,000 lines of 112 spectra 
havc been calculated in t his way a nd the resul ts are tabu
lated by spectrum . The \\"avele ngth in angstrom s, e ne rgy 
levels to the nearest kayser, gA in 10' per second, gJ, a nd t he 
log gf arc given for each lin e. 

Systems of electrical units, F. B . Silsbee, N BS .lfono. 56 
(Sept. 20, 1962) 30 cents. 
Th e various systems of mem;ure ment, " 'ith t heir respective 
sets of uni ts, used in t he li terature on electricity an d mag
netism are described in detail. Their historical d evelop men t 
is s umm arized . The m a nner in \\-hi ch each is d er ived from 
either of t he two alternative points of view of t he experi
men talist a nd the t heoretician is co mpared and contrasted. 
The desirability of recogni zing bot h points of vie ll' in inter
national s tandardization, part icu la rly whe n discussin g rat ion
ali zation , is pointed ou t. The present status of HlP absolu te 
measure ments on ,,"hi ch all electrical units a re based i ~ re
ported , a nd tables are in cluded for the conve rsion of equ at ions 
and num eri cal values from one system to a nother. 

A tabulation of the thermod ynamic properties of normal 
hydrogen from low temperatures to 540 OR and from 10 to 
1500 psia, Supplement A (British units) , J. W . Dean, NRS 
T ech. Note 120A (J une 1962) 45 cents. 
PressUl e, volum e, te mperature , internal e ne rgy, e nthalpy, 
a nd ent ropy of normal h ydroge n gas have been tab ul ated 
alon g isoba rs in 2 OR temperature steps. TIl e range covered 
is from the saturation tem pera t ure to 540 OR a nd from a pres
I'm re of 10 to 1500 psia. The source of data is Research P a per 
1932 of the ~ a t ional Bureau of Stand ards Journ al Of R esearch . 
The method is described b.v whi ch t he data prese nted in 
Research Paper 1932 is reduced to proper t ies direc tly useful 
for e ngin eering calculations. A method is a lso d escribed 
for estimatin g t he effects of ortho-para composit ion s upon 
the tabu la ted proper t ies. 
Tabular ya lues a re prese nted in the dim ension al units of the 
Brit i"h syste m . The t ab ul ations are also a vailable in t he 
dime nsioil al units of the metri c syste m as technica l ~ote 
No. ]20. 

The thermodynamic properties of h elium from 3 to 300° K 
tletween 0.5 and 100 at mospheres, D. B. }fann, .V BS T ech. 
Note 154 (Jan. 1962) 50 cents. 
The specific \'olume, ent halpy, ent ropy, and internal energy 
values of helium are presented in tabular form as function s of 
pressure and te mperature. 

Data are tabulated in one degree Kelvin incremenb for 
foriy isobars bet,,-een 0.5 atmospheres and 100 atmospheres. 
A comparison with previously published data is made wlll'm 
applicable. 
A n expression is presented which represeJf ts the pressure
density-temperature surface based on previously published 
data. 
Tho tabulation is presented in the dimensional units of the 
mdric s:p;tem, but is also an1ilable ill the dimensional unit,.; 
of the British system (Supplement A). 

Photosensitized r eaction between hydrogen (,P) atoms and 
molecular nitrogen,!. Tanaka and J. R. i\IcNesby, J. Chem. 
Phys. 36, No. 12, 3170-3173 (.June 15, 1962). 
The reaction between If (2P) atoms and molecu lar introgen 
has been studied. H(2P) atoms were produced by irradiating 
ground state 11 (2S) atoms, generated in a microwa\'e discharge, 
with Lyman alpha radiation at 121G r\ (ca. 10"- 10 '5 quanta 
;oec - 1). The in teraction of TI (2 }» atoms ,,-itll :\2 produces 

ammonia but not hydrazine. T wo alternative mecha ni sms 
of the primary reaction are proposed. The first im-olves 
transfer of electronic energy. 

(2) 

(3) 

The seco nd possib ili ty is a chemical mecha nism invoh"i ng 
ato m t ransfer. 
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( 4) 

Ammoni a is formed eit her by reaction of N with H or by 
reaction of ~II with H or H ,. 

Etrect of particle size on low-temperature heat capacities, 
A. C. Vi ctor, J . Chem. Phys. 36, .Vo. 10, 2812-2813 (Ma y 15, 
1962) . 
A nell' model is proposed to account for the particle sim 
etl'ect i n low te mperature heat capacities . As ,1 fi rst approxi
mation a continuum approach is used . The model gives 
excellent agreeme nt with sodium chloride data. :Vloderate 
success is also obtained with magnesium oxide an d beryllium 
oxide. 

Effect of molec ular oxygen on the emission spectra of atomic 
oxygen-acetylene flam es, S. L. X. G. I<rishn amacha ri a nd 
H . P. Broida, J. Chem. Phys. 34, 1709-1711 (1961). 
Studies have been made of t he e mission (3000 to 6000 A) 
obtained from 10" " pressu re atomi c oxygen-acetylene flames 
dilu ted " 'it h varying a mounts of molecula r oxygen a nd molec
ula r ni troge n. Add ed molecular oxyge n greatly increased 
t he OH e mis~ion while reducing CH a nd C, emission. It a lso 
had an effect o n the ro tat iona l inte nsity distribu tio n of OH 
and on t he vibrational in tensit.v distrib ut ion of C2• :\itrogen 
addition greatly red uced t Il(' rotat ional an d vibrational 
"temperature.;" and decreased C, emi,bion relative to the 
other e mi t ters. 

The structure of the vi brational -rotational bands of an 
asymmetric rotor, H . C. All en , Jr ., P hil . 'l 'mns. Ho y. Soc. 
Jrondon, Sel". R . JJath. and Pilus. Sci. 253 , Va. 1030,335- 357 
(A pr . 27,1961). 
The st ru cture of A- and C-type yibrat ional- rotational bands 
of an asy mmetric rotor is related to the band ty pes of t he 
two limiting sy mmetric rotors . The effect of the degree of 
as.l'mmetry a nd the clmnge in the etfecti\'e in ertial constants 
between the two vibrational st:1te~ on t he band structure is 
shown. The type of informat ion \\'hich can be obtained from 
the analys is of t hese t,,-o typ es of band is po in ted out. 

Real repres entations of coordinate rotations, U. Fano, J . 
.lfath. Phys . 1, No.5 , 417-423 (Sept.-Oct. 1960). 
Since irreducible tensorial sets that represent observables 
are of integral degree, their transfor mations under coordinate 
rotations have real representations. Real representations, 
with rOIl's and columns classified by eigenvalues of the com
muting operators J,2 and exp(i7rJy ), are given explicit l.I-, so 
that complex functions of rotation angles need not be used . 
The addition of angular momenta is ,,-orked out for sets in 
the real representation such as the sets of real orbit,al wavc 
functions. Applications to t he theory of angular distribu
tions arc discussed. 

Structural and internal state variables in the description of 
scalar rate processes in fluids, R. E. Nettleton, Phys. Fluids 
i, 1488 (1961). 
Arguments are presented to show that the internal energy 
per molecule in a macroscopically small volnme element of 
an infillite liquid ~honld remain con:;tant, in firiit approxima
tion, during it sudden flu ct.uat ioll ill liquid structure at 
constant dcnsit.l' und temperature. This resllit is shown to 
be consistent with a formulation of non-equilibrium thermo
dynamics in which the depar t nres of structural p 'lrameters 
from their local equilibrinm values appear as thermodynamic 
variables and in which there j,; no relax ing structural specific 
heat . 11o\\"e\'er, it i8 shown that such a f'claxi flg s pecific 
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heat must appear in t he therm odynamic t reatment of thermal 
variab l e~. wh ich g ive the population s of intrrnal vibmtional
rotational states; and a new non-equilibrium thC'l'l11odynamics 
of thennall'elaxation , extendin~ t he earlie r work of Meixner 
to includr iner t ial effects, is formulated in snch a way as to 
br consistent \I' ith this fact. The new formulat ion, which 
replaces a prev ious t heory n ow shown to be val id only fo r 
st ru etmal variables, is based on t he Pauli equation , general
ized to include second-order time-derivatives . I t is shown , 
on plausible ass umpt ion s about t he molecular transit ion 
probabilities, t hat one can calcul ate all t he rate constants a nd 
relaxatio n t imes introdu ced to describe inc rtial effects, as 
\I'ell a . thr thermodynam ic fo rces, 

Qu anium-mechanical calculation of harmonic oscillator 
trans ition probabilities in a one-dimensional impulsive 
collision, K. E. Rhul e I' a nd R ,V. Zwanzig, J . Chem. Phys. 
33, No.6, 1778- 178.',. ( Dec. 1960). 
The quan t u m mechan ical v ibrational t ran sit ion probabilities 
P; ,(f) for harmonic oscillators, undergoing impulsive ha rd 
~pherr colli sions alon g t he lin e of ce nters w ith an incident 
atom with relative k inetic energy- f, have bern computed by 
a mach in e (IB :'.1- 70Ll) solu t ion of t he relevant Schrodinger 
equat ion. Curves for P H,(f) over a range of f are presented 
for initial (i) and fin al (f) v ibmtional oscill ator states i, f = O, 
1, 2 and :3. It is shown that this model of an inelast ic col li 
sion gi\'es ri se to apprecia bl e vibmtional tmnsit ions v( i)-> v(f) 
with ll2. vl> 1 (in addition to th e ll2. vl= 1 tran sitions) in 
co ntra,t to t he Landau-Teller-Herzfeld adiabatic, 1st ordN 
perturbat ion t reaJmrnt which pe rmi ts only tran sitions for 
wh ich I ~v l = ] . The impli cation of t his result is discussed 
in retat ion to t he dissociat ion of diaLo mi c moleculrs and to 
the adso l'ption of atoms on solids. Averaged transiLion 
probabil iti rs I"H ,(T) a re compu ted fo r an incide nt bcam of 
pa rticles " ' ilh a .vraxwelli an velocity distr ibution. It is 
po inted Ollt that s ll ch averaged t ran sition probab iliti rs may 
givc a misl('ad in g impress ion of the e fficiency of translalional
vibrational cnrl·g.v transfe r if t he P H ,«) show a resonance 
type of bell ,w ior , i. e. a st rong order of magnitude dependence 
of P H,(f) Oll f over a s mall in terval of f. 

The vapor pressure of 20 OK equilibrium h ydroge n, L. C. 
"Veber, J r. , D. E. Dillcl', n . M. Roder, and R. D. Goodwin, 
Cryogenics 3 , 236-238 (hme 1962) . 
Thc vapor pressure of 20 OK equi librium hyd rogen has been 
1l1rasurrrl between the normal boiling point a nd thr cri tical 
po int . The data arc re presc nted Hn" lyt icClll .v for purposrs of 
smoothing and interpolation, and Lhe I'es liits arc comp:ued 
,,' iUt ea rlier \york. 

The densi ties of saturated liquid hydrogen, 11. D. Goodwin, 
D. E. Diller, n. :'.1. Rodrl'. and I,. A. Wcber, Cr yogenics 2, 
81-83 ( Dec. 1961 ) . 
))rnsitirs of para hy-d rogen from 17° to :32 ° E arc obt.ained by 
ext rapolating Il('wly determined comprrssed liquid iso therms 
to corrrsponding \'apor pressures. Rrsull s nrc combined 
wit h ('articr daLa for the range 14 ° t.o 20 ° K a nd compared 
\\' iLh normal hydroge n by means of density-tem perature 
relatiom;hips. 

Reference tables for 40% iridium-60% rhodium versus 
iridium thermocouples, G. F. Blackburn and F . 11. Caldw(' lI , 
Book, Temperatllre, Its Jl!easuremml and Conl1'o! in Science 
and Tndustl'!! 3, Pt. g, 151- 175 (R.einhold Pub/. Corp., iYew 
) "01'1 .. , X. }' .. 1962). 
In a program to establish reference tables for several alloys 
of iridillill alld rhodium against iridium, t.he work has bren 
eOlllplctpd on 40 % il'idium-60% rhodillm. Tables h,1\'(' been 
]ll'l' p,u'('d givillg rmfs for temperatures in degrees Fahrenheit 
fro III :t2 OF to 3800 OF an d ill degrees Celsiu s (cent igrade) 
fro lll 0 0(' to 2100 °C, and tC'mpcratllres in thrse un its ",ith 
eillf in milli\'olts as the argument. They arc based on thr 
a\'rmge ('mfs measured on eight thermocouples, made from 
i hl'('(' loh of "'ire obtained in 1955, HJ58 and HJ60. 
:'.fca'lll·clllcnh aL tell1prratures 32 OF to 2500 OF "'ere made 
in ,t platillum-\yo llnd fur nace of cO ll\'entional design, u ~ill g 
a I'L-lO % Uh vs Pt t.hermocouple to measure tempf'mturc. 
From 1\)50 OF to 3800 OF (t hus oyerlapping the upper end of 
i he lo,,'e r range), th e furn ace u ,ed was an iridium block 
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heated by elect ri c inducLion Blackbody concliLions prevailed 
in the cavity in which Lhe test thermocouple was inserted, 
and enabled measurement of the te mperature with an optical 
pyrometer. 

Rate of vaporization of r efractory s ubs tances, J . J. Diamond, 
J . Efi menko, R. F . H ampson, and R. F. ' Valker , (Pmc. 4th 
I nlern. Symp. R eaclivity of Solids), B(lok, Heaetivit ll of Solids, 
ed., J . H . de Bower el al ., p. 725 (Elsevier P ubl. Co., . l msler
dam, The Netherlands , 1961 ). 
The 1T1Ore importan t factors a ffectin g t he rate of vapo ri zation 
of solid syste ms a re summ arized. T echni ques for measurin ~ 
t he rates of vapori zation of refractory substances at temper
atures in t he 1600- 3000 °C range are bri efly described. The 
techniqu es pe rta in to measurements both in vaellli m and in 
t he presence of foreign gases. So me of t he factors and the 
experimental techniques are illustrated by brie f refere nce to 
studies of t he vaporization of platinum and alumi num oxide. 

Young's modulus of single crystal corundum from 77 OK to 
850 OK, J . B. Wachtman, Jr., VV. E. T efft, and D. G. Lam, J r., 
Book, Jl[ echanical Properties of Engineering Ceramics, p. 221-
223 (Intel'science P ubl. I nc., New Y ork N.Y., 1961). 
An equation is proposed to represe nt the temperature depend
('nce of Young's modulus. This eq uation fits data on some 
co rundu m sin gle crystals very welL 

The dynami c compressibility of a rubber-sulfur vulcanizate 
and its re lation to free volume, J. E. McKinnry, H . V. 
13elcher, and R. S. Marvin, Trans. Soc. Rheolog y 4, 347- 362 
(l960) . 
The dynamic bulk compli a nce of natural rubber = ] 2 % suiful' 
lI'as m easured for varying stat ic p ress ure (0 to 1000 bal'), 
te mperaLure (-30 Lo + 70 °C), and frequ e nc.v (50 (,0 1000 
cps) , Thc data can be represented by reduced frequ ency or 
t.emperaLure plots, assum ing viscosit.v is propo rt ional Lo cx p 
(i / ",) , a fmc Liona l free volull1(' \\'hich is a linear function of 
te mperature a nd prrss ure. The te mperatllre- frequency re
ducLio n fi ts the "un iversal" \\lLl" co nstants, and the tem
perature-p re~surr reduction t('rm is pract icall .v t h(' same as 
that found by Sin gh alld H olle for polyisobutylenc. 

Absorption spectrum of CFz trapped in a n argon matrix, 
A. M . Bass and D . E. Mann , .] . Chem. Phys. 36 , }.~o. 12, 
3501- 3502 (hme 15,1962) . 
The products of it discha rge Lh"ough a mix ture of C, F s a nd 
a rgori \\'e re co ndensed on a li q uid-helium cooled surface. 
The absorptio n s pectrum of Lhe concit' nsaLe sholl'S a serips of 
b road bands in Lhe reg ion 2:300 to 2700A, :lnd appca rs to 
correspond Lo Lhe specLrum of th e CF, radica l. 

The rmocoupl e m aterials, l". 11" Cal dll'e ll , Hook , T emperatlt)'!" 
Tt s .If easw'emenl and Control in S cience and J ndllslry 3, Pt. 2, 
81- 134 ( Reinhold P ub!. , Corp., .\·elV }'or k, ,\' .Y., 1.962). 
The rmocoupl e mClLerials arc considered Lhat are usrd pri
mari ly as immersion Lemperat ure sensors in t he range from 
o °c up. Included arc the cOllHnt ional thermocouple's that 
ha\'e survi,'ed since the beginnings of the art of thermo
elecLric temperature meaSUrelTlCnt, n('\\'('r Hoble metal t hel'
m ocoupl es, and the rmocouples of refractor.v metals for U:ie 
in the ex treme range for i mmen;cd sc nso rs . B ecause of thr 
\I' idc usc and in crca~in g popularity of ceramic-packed thermo
couples in metal sheaths, thp)' arc included. 
Li mit ations of the t hermocouple "'irrs :1,["1' gi\'en as to range, 
stabili t.\', pnvironment included a tmosphere, magnitllde of 
t hermoelec tric ('mf, and accuracy of commercially :wailable 
matC'r iab of standard and extra quality. I II addition , proper
t il'S of the separate clements t hat are pertinent to the selecLion 
or use of t hermocouples have been compiled. 
I n t he case of the ceramic-packed Lhermocouples t he folloll'i ng 
propert il's a re presented: temperature ran ge of the sheat.h, 
llU'chan ical properties of the sheath , kinds of packed in ~ilIla
lion, resistance between thermocouple " 'ires and beLween 
\\'ires and sheaLh, mini mum bend ing radiu:i of the packed 
stock, gas-tightncss of Lhe packrd insulat. ion, and types of 
Il1rasuring junctions availablc, i. r. ground('d, ungrouncled, 
bare, Lotally enclosed. sLag nation mount.ing, etc. 



Thermal r ad iation standards and m easurem ents of the 
Rad iometry Section at the National Bureau of Standards, 
A. G. Maid, (Proc. conf. Radiative TransfeT from Solid il1 a
te1'ials, Boston, lJ1ass., Dec. 12-13, 1960), Book, Radiative 
7'ransJeT frorn Solid lJ1 aterials, ed., H. H . Blall, J r., and H . 
Fischer, S ec. III , p. 135- 141 (The Macmillan Co ., New York, 
N.Y., 1962). 
A d iscussion was give n of two aspects of the work of thc 
R adiometry Section at t he Nationa l Bureau of Standa rds. 
Two standa rds of ther mal radiation were described and the 
method of t heir cal ibration detailed . The latter ha lf of this 
paper will in clude a de;;cription of some work currently being 
carried on with the a im of obtainin g t he n OrlTlal spectral 
em issivity of gold, aluminum, and p latinum in the infrared . 

The ammonia beam maser as a standard of frequency, J. A _ 
B arnes, D. \V . All an, and A. E. Wainwright, IR E T rans . 
Insl1'1l'nenlalion 1- 11, 26-30 (J une 1962). 
It has been suggested t hat an error in t unin g of t he resonant 
cavitv in an ammonia bea m maser could be detected by 
observin g a frequency shift of the maser with t he application 
of a mar;n etie field . Following t his sug~esti on, an oscillatory 
magnetic field was applied to the NBS double beam maser 
and a low noise phase demodulator was constructed to 
detect any phasc mod ulation present in the maser signal. 
With this equipment, a servo-loop was completed to con
stantly control the tun ing of the m aser's resonant cavity. 
Not only did this result in the elimination of the most critical 
paramete r of the maser's frequency dependence, but improve
ment of the frequency dependence upon other parameters 
was also obser ved. 

The radiative for mation and destruction of negative ions , 
L. M. Branscomb, PTOC. F~fth I ntern .Con.f. Ionization Phenom
ena in Gases, lJ!hmich, Germany, I, 1- 18 (North Holland Pl1bl. 
Co., Amsterdam. The Netherlands, 1961). 
Recent advances in ou r understanding of the formation and 
destruction of negative ions by radiative processes are re
viewed. Photodetachment spectra of four atomic ions, II- , 
0-, S- and C- have been studied experimentally in crossed 
beams. Agreement between theory and experiment on H
is now excellent, except in the threshold region, where the 
theoretical values are about 10 % low, presumably because of 
neglect of polarization effects. The C- spectr um is consistent 
with that expected for a C-4S ground state, about 1.25 ev 
below the continuum, and a weakly bound metastable (pre
sumably 2D) state which gives ri se to a weak absorption on 
the infrared side of the 1.25 volt threshold. Metastable states 
of other atomic ion s are predicted. Radiative attachment 
cross sections and r ate coefficients are discussed. The di ffi
culties in interpretation of molecular photodetachment 
spectra are emphasized. 

Group theory and crystal fiel d theory. C. M. IT erzfeld and 
P . II. E. Meijer, Book, Solid State Physics 12, 1-91 (Academic 
PTess, I nc., New York, N.Y .. 1961). 
A survey of the principal group t heoretical principles and 
methods used in crystal field t heory. 

Ferroelectricity in the compound Bi/ fi 30 12 P . 1-1. Fa ng a nd 
C . R . R obbins, Phys. R ev. 126, No.3, 892 (May 1962) . 
Some ferroelectri c and crystallographi cal proper ties of t he 
compou nd Bi4 Ti30 12 are presented. The compou nd has a 
dielectric maximu m at 685 °C on increasing temperature and 
at 670°C on decreasing temperature. At t hese temperatures, 
temperatures, an endothermic pe~lk and an exo thermic peak, 
respectively, occur. Ferroelectricity was observed a long t he 
c axis of the single crysta l of t his compo ll nd. 

Linear thermal expansion of aluminum oxid e and thorium 
oxide from 100 ° to 1100 ° K, J . B . Wac ht man, J r. , T . G. 
Scuderi, and G. IV. Cleek, J . A m. Ceram. So c. 45, 310- 323 
(J uly 1962) . 
The linear t hermal expansion of single crystal and polycrys
talline aluminum oxide a nd polycrystalline thorium oxide 
was measured from 100 ° to 1l00° K with an interferometri c 
techniqu e. For each substance t he resul ts are well described 
by Griineisen 's equation using a Nernst-Lindemann energy 
function . 

Dielectric loss in "non-polar" polymers, A. J . Curtis, J . 
Chern. Phys . 36, No. 12, 3500 (J une 15,1962). 
Using published values of dipole moments of some satura ted 
hydrocarbons, obtained from miCJ:o\\'ave spectroscopy, \\"e 
have shown t hat the dielectric dispersion and loss observed 
in hydrocarbon polymers may be reasonab ly accounted for in 
largc part in terms of asymmetry in stru ct ure. T hese cal
culations show t hat it is not necessary to propose impurities, 
oxidation products such as carbonyl groups, or catalyst fra\:i
men ts to accoun t for much of the dielectric relaxation in 
these materials. TllE'se calculatio ns a lso predict considerabl~· 
lo\\'e r dielectr ic loss in a completely linear polymer such as 
p olyethy lene than in a branched m~lterial such as polypropy l
ene. 

M obiliti es of positive ions in argon, E. C. Beaty, Proc . CanJ. 
I onization Phenomena in Gases, Aug. 28- Sept. 1, 1961, 
lJ111nich, Germany, p. 183 (North Holland P1lbl. Co., Amster
dam, The Netherlands , 1962). 
Ions of th rce different m obilities a rc observed in the afterglo\l' 
of a pulsed discharge in pure argon. The low fie ld mobilities 
arc : 1.535. ± 007, 1.833±.008, 2.60 ± .02 (cm2 volt- l sec-I). 
The lowest value is associated with A+. The identities of 
the other two are uncertain ; however, semi-quantitat ive data 
are presented which indicate that each of t he three are argon 
ions and are not the products of charge exchange with a con
taminant. The ion of intermediate mobility was called A+ 
by Munson and Tyndall , and A2+ by Hornbeck. The 
fastest ion was called A2+ by Biondi and Chanin. 

Infrar ed spectrum of dideuteroacetylene (C2D,) , E . D . 
Tid \\'ell and E. K. Plyler, J. Opt. Soc. A 1n. 52, No.6, 656- 664 
(J une 1962). 
Thirty bands of C2D 2 haye been observed and measured be
tween 1900 and 3300 cm- 1 T\yentv of these have been 
resolved well enough to permit extraction of rotational con
stants. The t.2F values up to J35 for three ~g ground state 
bands were averaged and correlated \yith other data for a 
more reliable no = 0.84794 ± 0.00005 and Do=7.85XlO-7± 
OA X 10-7 where the indicated u ncertainties arc the proba
ble errors of the coefficients. Better resolution and higher 
J values have reduced the uncertainty derived from oLher 
sources. The I-type doubling constants for vi and vi have 
been obtained from resolved Q branches and spli t P and R 
branches; they are q,=.00316 cm- l and q.l = .00a 14 cm- l . 
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O ther NBS Publications 

Journal of Research 66B (Math. and Math. Phys.), No. 4, 
(Oct.- D ec. 1962), 75 cents. 
Heliability of a system in which spare parts deteriorate in 

storage. G. lI. vVeiss. (See above abstracts.) 
E stimation of dispersion parameters. VV. A. Thompson, J r. 
Laguerre expansio ns for successive generations of a renewal 

p roccss. G. II. Weiss. (See above abst racts.) 
Bo unds on ratios of means. G. T . Cargo a nd O. Shisha. 
A model for the v iscoelastic behavior of rubberlike polymers 

in cluding entanglement effects. R. S. Ma rv in and n . 
Oser. 

Black box maximi zation of circular coverage. C. T. Zahn, JI· . 
An application of information theory to the a na lys is of 

cont in gency tables, with a table of 2n In n , n = 1 (1) 10,000. 
S. Kullback, M . Kupperman, and H. H . Ku . See abo\-e 
a bs tracts.) 

Journal of Research 67D (Radio Prop.) , No.1 (J an.- Feb. 
1963) , 70 cents. 
A lunar t heory reasserted- a rebuttal J . V. Evans. 
Poin t-to-point co mmunication on t he moon. L. E. Vogler. 
HF com munication during ionospheri c storms. G. E. Hill. 
Use of surface refrac t ivity in t he emp ir ical predict ion of 

total atmospheric refraction . W. R. Iliff a nd J . M . Holt . 
(See above a bstract s .) 

Effective sunspot numbers. VV. B . Chadwick. 
On the t heory of radio wave propagation over inhomogeneous 

ear t h. K. Furutsu. 
Fields of electric dipoles in sea water (a correction). IV. 

Anderson. 
Composition of reflection and t ra nsmission formulae. J. 

I-leading. (See above a bstracts.) 



Titheridge coefficients for the polynomial method of deducing 
electron density profiles from ionograms. A. R. Long 
and J . O. Thomas. (See above abstracts.) 

Input admittance of linear antenna driven from a coaxial 
line. '1'.1'. Wu. 

A s UI'\'l'y of the tcch niquC'o for ml'asuring thl' radio refractive 
indC'x; R. E. McGavin, NBS Tech. Note 99 (May 1962), 
30 cent,;. 

R equi red s ignal-to-noise ratios, RF signal pOI\'cr, and band
width for multichannl'l r ad io communicat ions s.\·ste ms, 
E. F. Florman and J. J . Tary, NBS Tech . Note 100 (Jan . 
1962), $ l .OO . . 

Mode cO lwC'r:;ion in the ear th-ionosphere \va\'egulde, J. R. 
Wait, NBS T ech. Note 151 (J une 8, 1962) 20 eents. 

A general s urvey of the semiconductor field, G. W. R ei mherr, 
NBS T ech. Note 153 (Aug. 1962) 30 cents . 

Information selection systems retrieving replica copies : 
A statC'-of-the-art report, T . 0, Bagg and M. E. Stevens, 
NBS T ech. Note 157 (Dec. 31, 1961) $1.25. 

EiTicient u:.;e of the radio spectrum, l{. A. Norton , NBS 
T ech. Note 158 (Apr . 1962) 45 cents. . 

A Fortran code for calculation of cigenvalues and C'lgC'nfunc
tions in rC'al potential wells, R. S. Oase\yell, NBS TC'cil . 
Note 159 (August 1962) 25 cents. 

A procedure for estimating eigeJlvalues, N. ,Yo Bazlc'.\· ancl 
D. Fox, .J. Math. Phys . 3,469- 471 (Ma)'-June 1962) .. 

Physical ;;landarcls of C'mitlance and reflectance, J. O. Rlch
IDond, (Proc. Oonf. Radiative Transfcr from Solid Matc
riab , Boston, Ma:;s ., Dec. 12- 13, 1960), Book, RadiatIve 
Tram;fer from Solid Materials, cd. H. IT. Blau, Jr., and 
H. Fi,e[wr, Sec. III, p. 142- 153 (The Macmillan 00 ., 
Ne\\' York , N.Y., 1962) . . . 

T chciJyelwrr approximations by exponentials, J. R. RlcP. 
\ J. SOl'. 1J1Cl. Appl. Math. 10, No.1, 149- 161 (Mar. 1962) . 
I Signs of lluclear resonance coupling constants in ~aturatcd 
( aliphal ic ~~'otems , H. Finegold, Proc. Ohem. Soc. p. 213- 214 

(Jun C' 1962) . 
The morphology of mid-latitude 6300 ang~tJ'om arcs, T. 

TohmaL~ll and F. E. Roach, J . Geophys. Res. 67, No.5, 
1817 1821 (May 1962) . . 

Some plpclrical proper tiC's of the porous graplJlte eontact 
on p-l I'j,(' ~ilicon, G. G. H arman, T. H. Higil'r, and O. L. 
Meyer', J . App l. Ph)',;. 33, ~206 (J ub' 1962) . 

A comiJinC'd analog-digital ehfferentlal analY7.cr (CADDA), 
' V. D. U rban, W. R. Hahn, Jr., and H. K. Skram~l:1d, 
Proc. Oombil1('d Analog D igital Compuicr S~'sLems Symp., 

\ Phila., Pa., Dec. 1960, 2d item (1960) . 
( The typC's of blackout, their time variations, anci the mech~

ni,;m s p['Qducing them, V. Agy, J. Phys. Soc. Japan 11, 
93-97 (SC'p~ 1961). . 

Some properties of dirty contacts on senu-conductors Dnd 
res is1.iyit\' mcasurements bv a t\VO tcrm lnal 11lcthod, 
G. G. t i arlllan and T . Higier, .I. Appl. Phys. 33, 2H)8 
(July 9 62). . 

A propl'rty of l incar frequency modulation, A. J. Goldman, 
Proe. IRE 50, No.7, 1711 (July 1962) . . . 

Progra mmin g for a closed-loop manncd.-machlnC' eo mbl~ed 
s~'stem, D. O. Fricdman , Proc. CombJJ1ed Analog DIgItal 

r' Compukr SysLcrns Symp., P hila ., Pa., D ec . 1960, 12th 
item (1960) . . 

Stuclies in no n-equ ilibrium rate processes. V. The relaxatIOn 
of moments dc ri ved from a master eq uatlOn. K. E. Shuler, 
K. Ancl erson, a nd G. H. Weios, .I. Math. Phys . 3, No.3, 
550- 556 (Ma \'-June 1962). 

" TI IP thermal pI:operties of pO\l'der insulators in the temper
I al ure range 300°-4 OK, D. Oline a nd R . H. Kropsc hot 

(Proc. Oonf. R adiative T ransfer from SolJel 1Vla~~l'la1s, 
Boston, Maos., D ec . 12- 13, 1960), Book, R admtlye Ira115-
fcr from So lid Materials, eel. H . H. Blau, Jr., and H. 
Jiischer, Sec. I , p. 61- 81 (The Macmillan Co. , Nell' York, 
1962). . . 

I<i netics of the hyclrol ysis of acetal in N-methyJproplOnall1Jde
\\'ater and N, " n-dilneth~'lformamide-\\'ater solvents at 20, 

~ 25, 30, and 40°, R. K. Wolford and R . G. Bates, J. Phys . 
Chem. 66, No.8, 1496- 1500 (1 962) . . 

Symposium on spectroscopic exc itation, B. F . Scnbner, Am. 
Soc. Testing M ate ria ls Spec. T ech. Pu bl. 259, 1 (Oct. 1960) . 
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Path loss measurements vers us predict ion for long distance 
tropospheric scatter circu its, A. F. Ba rghausen and O. F. 
P eterson, IRE Trans . Ootllmun . Systems CS- 9, No.4, 
439- 445 (D ec. 1961) . 

In t roduc t ion to the thC'or.v of V.L.lf . propagation, J. R. ' Vait, 
Proc. IRE 50,1624- 1647 (,fill,\' 1962). 

Some experime ntal aflpects of nu clear or ientatio n, E. Ambler, 
Proc. T enth Intern. Oongre~s of Refr igeration, Copen-
hagen, D enmark, I, 195- 198 (1959). . 

The cement reference laboratory (1929- 1959) , J. R . DI ' C, Am. 
Soc. Test ing Materia ls Proc. 59, 369 (1959). . 

Intrrnational coordination of lllCaSlJ['C'lllent, A. G. M cNis h, 
McNish, Sci. Math. Weekly 2, No.3, 28- 29 & 35 (Sept. 
1961) . 

ThC' calibration at the National Bureau of Standards o f mass 
standards for ultramicroanalysis, L. B. Macurdy, Book, 
Vacuum Microbalance Techniques, ed. R. F. 'Walker, 2, 
165- 175 (Plenum Press, Inc., New York, N.Y., 1962) . 

Post office mechanization, B. M. Levin, M. C. Stark and P. C. 
Tosini, Elec. Eng. 80, No.2, 105- 110 (Feb . 1961) . . 

Irrcvers ible processes in liquids and the clensity matnx: 
monatomic molecules, R . E. Nettleton, Phys . FlUids 5, 
No.6, 687- 700 (Ju ne 1962) . . 

Switch in g properties in ferroelectric;; of the famIly 
Bi,Ba"" ,Tim +I O:l(m +2), P. H. Fang and E. Fatuzzo, J. Phys. 
Soc. Japan 17, 238 (1962) . . 

A d('rivaLion of the ]'(' Iaxat ioll spectrum reprc:;entallon of the 
nH'cha nical response function, R. S. Marvin, Repts. Progr. 
Polymer Phys. Japan 5, 56- 58 (1962). . 

Thermal isomerization of isoprop,vI-1 ,1,1-d 3 rae!Jca ls, V{. M. 
,fn,ckson and .I. R. McNesb.\', J. Chem. Phys. 36, No.9, 
2272 2275 (Mal' 1, 1962). 

R l's('ll.l'ch on light inetals in the MC'tallurg,v Division, National 
Burcau of Standards, T. G. Digl!;p,,; , (Symp. Light Metal 
Industry, Jamshedpur, India) Indian Construction News, 
p. 68 (Aug. 1961). 

A nomograph for splccting ligh t balancing filtC'rs for camera 
(,X POSIII'(' of color films, O. S. McCam.\', Med. BIOI. Illustra
tion, London, England 11, No.1, 13 15 (Jan. 1961) . 

Atk mpts to eliminate fatigue damage by h eat treatment, 
J. A. Bennett, Am. Soc . Metals, Tra n:;. Quart . (TC'ch. 
XoLPs) 55, No . 2, 362- 363 (June 1962). Graphs for bi
\'1lriaic normal probabilitics, M. Zden and N. O. Severo, 
Ann. Malh. Stat. 31, No . 3, 619- 62-1 (Sppt. 1960). . . 

\ co ntroller for maintaining a constant rate of vaponzatlOn 
. in fractiona l dbtillation, E. O. I(uehnpr and R. T. Lcsli l' , 

Anal. Chem. 34, No.9, 1155- 1156 (Aug. 19(2). 
NllclC'ar mOl11rnt of NIBI, L. H. Benn('tt anrl R. L. Strr('vpr, 

Jr., Phys. Rev. Lelters 121, No.6, 2141- 2142 (June l5, 
H162). . 

A lllcthod for dctrrmining meehanical l'C'so nance frequencIes 
and for calculatin g elasLie moduli from thC'se frequ('ncl es, 
S. Spinner and W. E. Tefft, Am. Soc. Testing MaLcl'lals 
Proc. 61, 1221- 1238 (1961). 

Np\\' uscs of microfilm \I' ith e lectronic scanners, a progress 
report on FOSDIO III. M. L . Greenough, Proc. 8th 
Annual Meeting Natl. Mi crofilm As:;oc ., "Wash. D.O.' 
Apr. 2- 4, 1959, p . 278 (Annapo lis, Md.,. 1959) : . 

Susccptor clements for high temperatme lIlductlOn heatll1g, 
S . H asko a nd H. S. Parker, Am. Oemm. Soc. Bull. 41, No.7, 
467 (Jul.\· 1962). . . 

Relation of solar active region s at central mencilan p.assage 
to ionosphe ric disturbance, C . S. 'Wan\'ick and J. V. I:1I1coln , 
AGAR Dograph Proc. Sixth AGARD Ionosphene Re
,parch Committee Meeting (R ome, Italy, ::\lay 15- 18, 
l(61). . 

SUO"gl'sted a rranITement of mi rrors to form multIple reference 
~;lg l cs, J . B. S~'tunders, .I. Opt . Soc. Am. 51, Ko. 8, 859-~62 
(Aug. 1(61). . 

Rad iol\'sis of ethane-1, 1,1-da, L . .I. StICf a nd P. Au sloos, J . 
Che111. Phys. 36, ~o. 11 , 290-1 (June ], 1962). 

I) -C differe nt ia l current meter, E. )riesen, R e\·. Sci . 1n51. [', 
32 , No. 12, 1407- ] -W8 (Dec . 1961). ." 

Rad io\\'ave propagation dur ing wo rld 11',, 1' II, h .. L. No rto n, 
Proc. IRE 50, )ro. 5, 608- 70+ (:\la.v 1!J62). 

D pyelopment d irC'ctio nti t.o kee p leather apacc, J . R. Kanagy, 
Lpather & Shoes 142, 3+- 35 (Aug. 12 , 1961). 

I figh-ene rgy X-ray spect ro meter w;in g la rge al\ Licoi ncide nce 
sodium iodide crystals, .I . ::\1. Wycoff, Proc. 'I otal Absol p-



lion Uamma-Ray Spectrometry Symp., Gatlinburg, T enn., 
1\fay ]0, 1960, p. 201- 210 (1 960) . 

Radio propagation quality in the North Atlantic area 1953-
] 960, :'11. E. Nason , AGARDograph Proc. 6th AGARD 
Io nosph eri c Research Committee :'I'Ieeting (Rome, Ita ly, 
:'Ilay 15- 18, 1961). 

Discusp ion of F eldman's and Sereda's P aper "Characteristics 
of sorption and e'-'Pansion isotherms of reactive limesto ne 
aggregate," C. M . Hun t, L . A. Tomes, R . G. Pi ke, and 
D . H ubbard, J . Am. Co ncrete Inst. 59, 815- 818 (Mar . 
1962) . 

The ~at ional Bureau of Standards Library, S. A. Jones, 
D. C. Libra ries 32, 7- 10 (J an. 1961). 

Systematic errors, W . J . Youden, Ordnance X LVI, Ko . 248, 
299- 301 (Sept .-Oct. 1961). 

Determination of t he dissociation equilibria of 'yater by a 
co nductance m ethod, H . C. Duecker and \,V. H aller, J . 
Phys. Chem . 66, No . 2, 225- 229 (Feb. 1962). 

H eat of form ation of the most stable form of metaboric 
acid , IIB02(c, I ), M . V. Kilday a nd E. J . Prosen, .T . Am. 
Chem . So c. Co mmun. to E di tor 82,550 (1960) . 

The ~cj en t ific co nt ribut ions of 'William Weber Coblentz, 
E. K . P lyler, J . Appl. Spect. 16, No . 3, 73- 77 (1962). 

The rapid ReI ector a nd other ~BS document retrieval studi es, 
.T . L. Pike and T . C. Bagg, Proc. Nat ion al Microfilm 
Assoc. , Annual Meetin g, \Vash. D . C., Apr. 25- 27, 11.)62, 
X I , 213- 227 (Annapolis, :vrd. , 1962). 

.\ t est method for ai r-entrainment of standard Otta \ya sand , 
1\1. R . D eFore a nd n. J . Corah, AST:'I1 Bul l. Ko. 248, 
48- 56 (TP162- 166) (Sept . 1960). 

T he angular distr ibution of beta particles from oriented 
cerium- 141 nuclci, D. D. Hoppes, Proc. Seventh In te r. 
Co nf. Low Temperature Physics, University of Toro nto, 
Canada, Aug. 1960, ]J . 186 (University of Toronto Press, 
Toronto, Canada, 1960). 

Die radiometeorologie and ihre bedeutung fur die ausbreitung 
del' m-, dm- a nd cm- " 'allen auf g rosse ent fernun gen, 
B. R . Bean, L. Feh lhaber, a nd J . Grosskopf, Nachr. Z 
(KTZ), p. 9- 16 (J a n. 1962). 

The prog ra m at thc Nation al Bureau of Standa rd s, L. M . 
Branscom b, Book, Optical Spcctroscopi c :'I1eas urements 
n igh Temperatures, ed. P . J . Dickerman , p. 235 (Un iv. 
of Chicago Press, Chi cago, Ill. 1961). 

Determination of oxidation rates of ai r-blown asphalts by 
infrared spectroscopy, J. R . Wright a nd P. G . Campbell , 
J . Appl. Chem. 12, 256- 266 (.Tune 1962) 

tud~' of "valley problem" with a ray t racing program , K . 
Davies a nd A. K. Saha, Electron D ensity Profiles, p. 162-
166 (1962) . 

The extrapolation of the o rthorhomb ic =,,-paraffin melt ing 
properties to very long chain lengths, :\1[. G. Broadhurst, 
J . Chem. Phys. 36, Jo. 10, 2578 (May 15, 1962) . 

An equation of state for calcul ating t he t hermodynamic 
properties of hel ium at lo\\" temperatu res, R. D. ::\'IcCarty 
and ll. B. Ste'\"art, Book, Progress in In ternational Re
search on Thermodynamic and Transport Properties, p. 
107- 117 (Academic Press, Inc. , Xm\' York, X.Y. , 1962) . 

Oscillatory phenomena, A. II. Kahn (Proc. Conf. lligh 
Magnetie Field, Mass . Inst . Tech. Cambridge, :'I1ass., 
_ -o\". 1-..(, 1961), Book, High magnetic fields, p. 480-488 
(:'IIass. Inst. Tech. Press, Cambridge, Mass., and John 
Wiley and Sons, Inc ., New York, :-;r .y., 1962). 

Thermal expansion of some ellgineering materials from 20 oK 
to 293 ° K , V. Arp, J. II. Wilso ll , L. \vinrich, and P. Sikora, 
Cr~'oge nics 3, 230 (Ju ne 1962). 

In tl' rlaboratory evaluation of a method for indicated bright
ness of papers conta ining fi uorescent brighteners, T. \V. 
TJ:lshof a nd .J. 11. Patek, Tappi 405. Xo. 7, 566 (July 1962). 

An intermediate size automatically controlled hydrogen 
rdrigeratioll system, D B. Chelton, D. B. :'I1ann, and 
B. W. B irmingham, Suppl. Bull. Inst. Intern du Froid, 
Eindhoven, Comm. 1, Annexe 1960-61,169-178 (1960). 

Absolute microwave refractometl'r, :'If. J. Vetter and M. C. 
Thompson, Jr. , Rev. Sci. lnstr. 33, 656-660 (June 1962). 

The information p roblem in government, S. ~. Alexander, 
Proc. Engineering Information Symp. (Sponsored by the 
Engineers .Toint Council), p . 15- 16 (Jan. 17, 19(2). 

Problems in the temperature calibration of an X-ray dif
fractometer fumace, F. A. Mauer and L. II. Bolz, (Proc. 
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Tenth Annual Co nf. Applications of X-ray Analysis, 
Denver, Colo., Aug. 7- 9, 1961), B ook, Advances in X
ray analysis, p. 229 (Plenum Press, Inc., ~e'" York, N.Y., 
1962). 

The detection and study of solar cosmic rays bv radio tech
niques, D. K. Bailey, (Intern . Co nf. on Cos mi c Rays and 
t he Earth Storm), J. Phys. Soc. J apan 17, Suppl. A- I , 
Pt. I , 106- 112 (1962). 

Precision and accuracy- experiment design aspects, C. 
E isenhar t, Conf. on Applications of Statistical :\I[ethods 
in the Chemical Industry, Feb. 4, 1961 , (Sponsored by 
Am. Soc. for Quali ty Cont rol, :Metropolitan Section, 
Seaton H all University, South Orange, N .J. ), p. (1961). 

Games associated wit h a renewal process, M . ::\f. Siddiqui , 
Ann . Math. Stat. 33, 697- 701 (June 1962). 

Purification and vapor press ure of pure nit ri c oxide, E. E. 
Hughes, J . Chem . Phys. Letter to Ed ito r 35, No .4, 1531-
1532 (Oct. 1961). 

Ultrasounds induce fla king of ceramics from metals, J. \1iT. 
Pi tts , Metal Progr. 82, No . 2, 11 4- 115 (Aug. 1962). 

Fe rroelect ri city in t he compo und Ba2Bi,Ti,O", P. H. Fang 
a nd B . Aurivillius, Phys. R ev. 126, No.3, 893 (May 1962). 

Usc of gas phase chrom atog raphy for rapid determinat ion 
of carbonate at 10\\' levels, F. G. Carpen ter, An al. Chem. 
340, 66 (Jan. 1962) . 

An experime ntal investigation of the scin t illat ion of radio 
stars observed at frequ eneies of 223 and 4c56 megacvcll's 
per second from a location close to t he auroral zone, C. G. ,.. 
Lit t le, G. C. Reid, K Stilt ner, and R. P. Merri tt, J . Geo- I 
phys . Res. 67. No .5, 1763- 1784 (Mav 1962), 

A computer for ,,'eather data acqu isitio n, P. Meiss ner, 
J. A. Cunn ingham, and C. A. Ketter ing, Proe. Eastern 
Joint Computer Conf. , D ec. 13- 15, 1960 , p. 57 (New York , 
N.Y. , 1960). 

Position t it les of chemists, W . I{. Wilso n, Capital Chemist 
10,145 (May 1960). I 

Corrected calculat ions of so und absorption in non-associated J 
liquids, R. E. Nettleton, J. Aco ust. Soc. Am . 34" No.3, I 
350 (Ma r. 1962) . 

Internat ional compa risons of radioactivity stand ards, IN. E . 
Perry and 'vV. B. Man n, Proc . Ninth Intern . Congress on 
R adio logy, Munich, Germany, July 1959, 23, VII- 30. 
VII, 1338- 1342 (Urba n and Schwar ~enber g, Muni ch, Ger
m any, 1960) . 

Cri teria for t he r eality of matri x e igenvalues, M . P. Draz in 
a nd E. V. H aynsworth, Z. Math. 78, 44,9- 452 (Mar. 1962) . 

A rapid simple method of est imating t he order of chemical 
r eactions, J. H. Flynn, Chem . Eng. 69, No. 17, 137- 140 
(Aug. 20, 1962). 

Pararnagnetic resonance phenomena, H. E. Radford , Ency
clopaedic Dictionary of Physics 5, 293 (Pergamon Press 
Inc., New York, N.Y., 1962) . 

Chilled-air-distribution in refrigerated trailers, P . R. Achen
bach, Supp!. Bull. In tern. Inst. of Refrigeration, p. 9 
(1961- 1962). 

Mass ~pectr um and appearance potentials of tetraftuorohy
drazine, J. T. H erron and V. H. Dibcler, J . Chem. Phys. 33, 
No.5, 1595- 1596 (Nov. 1960) . 

Large lon gitud ina l retarded elastic deformation of rubberlike 
network polymers, H. Leaderman, J. Polymer Sci . 59, ~o. 
168, S42 (June 1962) . ~ 

A survey of polar cap absorption events (solar proton eYl'nt~) 
in the period 1952 through 1960, D. K. Bailey and J . M. 
Harrington , (Intern. Conf. on Co~mic Ra~'s and t he Earth 
Storm), J. Phys . Soc. Japan 17, Supp!. A- II, P t . II, 334-
337 (1962). 

Magnifications of a telescope, R. E. Stephens, J. Opt. Soc. 
Am. 51, No.7, 803-804 (July 1961). 

I;;otope rffeet in an electric field an d jump freq uencies for 
diffusion in ionic cn'stals, J. R. Manning, J . Appl. Phys. 
33, No. 7, 2145- 2151 (July 1962) . 

Determination of isotope effects by "double labeling" oxida
t ion of d-glueose \\'ith iodinp, H . S. lAbell, L. T. Sniegoski, 
a nd H. L. Frush, Anal. Chem. 31, No.8, 982- 984 (Ju ly 
1962) . 

Methods of nuclear orientation, E. Ambler, Book, Progre,<s 
in Cryogenics , ed ., K. Mendelssohn III, 235- 280 (H eywood 
a nd Co ., Ltd., London, England, 1960). 
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Molecular collision models and tran~ iLio ll p robabilitiC's in 
liq ui ds, R. E. Nettleton, J. Chem. Ph~·;;. 38, 2226- 2227 
(Apr. 1962) . 

Electronic development and production in 1,11(' USSR, C. P. 
Marsden, Encylcopedia on Russ ia and th(' So,·ict Uni on, 
p. 158- 160 (McGraw-Hill Book Co., Inc., New York, N.Y., 
1961) . 

Mi cro,,·ave spectrum of tr imcthylar;; ine, D. R . Li de, Jr. , 
Spectrochem. Acta 15, 473 (1959). 

Lattice frequencies and ro tational barriers fo r inorganic car
bonates and nit rates, R. A. Schroeder, C. E. V{eir , and 
E. R. Lippincott, J. Cbem. Phys. 36, No. 10, 2803- 2804 
(May 1962). 

Environmental cbaraeteristics of a small undcrgl·oltnd fallout 
shelter, P. R . Achenbaeb, F. J. J . Drapeau, and C . IV. 
Phillips, ASH RAE J. 4, No.1, 21 (J an. 1962) . 

Opportun ities in denta l research, G. C. Pa ffenbarger, J . Am .. 
Dental Assoc . 60, No.3, 413- 414 (Mar. 1960) . 

On t he nature of eq uatorial s lant sporadic E, R. Cohen , 
K. L. Bo\\"les and IV. Cah·crt, J. Gcophys. Res . 67, No.3, 
965- 972 (Mar. 1962). 

E lemCll tar.,· statistical design , "VV. J . Youdl'n, Co nf. on Appli
cations of Statistical Met hods in the Chemical Industr.v, 
Feb. 4, 1961 (Sponsored by Am. Soc. fo r· Quali ty Control, 
Metropo litan Scction, Sea to n Hall Ulli\"('rs i t ~' , So uth 
Onwge, N.J) , p. 43 (1961) . 

Blue-glass fi lters to approx imate t lw blackbod.v at 6500 ° K, 
D . B. Judd, Farbe 10, No. 1- 4, 3 t (196 1) . 

Correction to "doppler studies of t he ionos phcl"C' wi Lh ve rtical 
in cidence," K . Davies, Proc . IRE 50, No.6, 94 (June 1962) . 

Elcctron photo-detachment from. ions and l' lasLic co lli ;; ion 
cross sections for 0, C, Cl and F, J . W. Coope r a nd J . B. 
Martin , Ph ys . Rev. 126, No.4, 1482 (Ma.v 15, 1962) . 

The followi ng articles ,,·ere prese nted bcfor·C' LlH' 1961 Cryo
genic Engineering Confe r·ence a nd published in t he Book, 
Adva nces in Cryogenic Engineering 7 (Plenum Press, In c., 
Ne,,· York, N.Y., 1962) : 

A cr.,·os tat for tensile ksts in the k mpr rat ul"C' mnge 300 0 

to 40 K, R . P. R eed, Paper K - 3, 448- 454. 
A mcthod of meas uring shear modulu ."i from - 424° to 

70° F, R. P . Mikesell and R. M . McClin tock, Paper 
K- 11,509- 513. 

An elect ri cally controlled guarded fl at plate calor·irm'ter, 
D . Cline and R. H. Kropschot, P aper L-5, 534- 538. 

An experimental in vcstigatioll of t he indi vidual boi li ng a nd 
co udens ing heat t ransfe r coeffi cients for hydrogen, D. E. 
DnL.ver an d K . D. Timmerhaus, Paper J- 6, 401- 412 . 

D r.,· gas operat ion of ba ll bearings at cryogcni c te mpcra
tlU·C'S, L. E . Scott, D . B. Chelton, and J. A. Brcnnan, 
Paper G- 3, 273- 276. 

1,0 " · temperaturc characteristics of some commercial 
t hcrmoco uples , B. . L. Powell a nd L. P. Cay,,·ood, J r., 
Pa per L- 2, 517- 521. 

Mar te nsit ic transformation produ cts and mechani cal prop
('rtiC's of austcni t ic stainless steels at 10"· te mperatures, 
C. J . Gu nt ner and R. P . Reed, P aper K- 9, 500- 502. 

On t he bulk dens ity of boiling liquid oxygen, R. W . 
Arnet t, Paper F- 4, 214- 218. 

Temperature dependence of magnetic losses, J . J. Gnie\\'ek 
a nd R. L. Powell , Paper H- l, 303- 310. 

Testing of ba ll bearings with five different separator ma
te ria ls at 9200 RPM in liquid nitrogen, J . A. Brcnnan, 
W. A. Wilson , R. Radeba ugh, and B. W. Birmingham, 
Paper G-2, 262- 272. 

The application and behavior of elastomers at cryogenic 
temperatures , R. F . Robbins, D . H. Weitzel, and R . N. 
H erring, Paper H - 6, 343- 352. 

The appli cation of gas-lubricated bearings to a miniature 
heli um expansion turbine, B. W . Birmingham, H . Six
smith, and W. A. Wilson, Paper A- 4, 30- 42. 

The efficiency of an ideal refrigerator, R. B . Jacobs, Paper 
L- l1, 567- 571. 

Application of refiectometer techniques to accurate r efiection 
measurements in coaxial systems, R . W . Beatty and W. J. 
Anson, Proc. Inst. Elec . Engr. B, 109, 345- 348 (July 1962). 

Cllemically induced v ibrational excitation: Hydroxyl radical 
emission in t he 1-3-m icron region produced by t he H + 0 3 

atomic flame, D. Garvi n, H. P. Broida, and H . J. Kost
ko,\"ski, J. Chelll . Phys . 37 , No.1, 193 (July 1962). 
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Gas-phase radiolys is of prop,UH' , P . Ausloos a nd S. Lias, J . 
Chem. Ph ys . 36, No. 12, 3163 3170 (.J ul.\" 15, 1962) . 

Four methods for predi ct in[!; tlw c1unLiJ ili Ly of roofi ng a;;p\Ja lts, 
S. H . Greenfeld a nd J. R. \VrighL, MaiN. R es. Std. 2, No. 
9,738- 745 (Sept. 1962) . 

The absolute s implest form in dig ila l cir cu it dl's ign, R. S. 
Ledley, Book, Digita l Comput(' r,; Hncl ConLrol E ngincering, 
835 pgs., (McGra,\"-Hill Book Co., Inc., New York, N. Y., 
1960) . 

Coring an electrofo rm, ' V. H. Metzl' r, Jr., PlaLin g 49, No.8, 
880 (A ug. 1962) . 

The standards challenge, A. H. ScoLt, Insu lation 8, No.2, 
48- 50 (Feb . 1962) . 

A system for generating "pronoullc('able" Dames us ing a 
computer, A. L. Leiner a nd W . W. Youdcn, J . Assoc. Com
put ing Mach 8, No. 1, 97- 103 (JaIl. ] 961). 

Using digital computers in the des ign a nd main tenance of 
new computers, A. L. Leiner, A. vVeinbergcr, H. LobC'rman, 
a nd C. Coleman, IRE Tra IlS. Electronic COlllpu tN s EC- 10, 
No.4, 680- 690 (Dec. 1961). 

Surface preparation of solid meta llic samples for X-ra~' spec
t r·ochem ical analysis , R. E . Michaelis and B. A. Kil day, 
Book, Advances in X-ray Analys is 5, 405- 411 (Plenum 
Pn'ss, Inc., New York, .Y., 1962) . 

Infrared wavelengt h dependence of the total a bsorptivi t.v of 
electroplated sil vcr, D . Cline, J. App1. Ph y;;. 33, 23 ] 0- 2311 
(July 1962). 

Simple stain gauge-based load controlle r·, L. Morel fin a nd 
R. L . Bloss, R ev . Sci. Ins tr. 33, No.7, 772- 773 (Julv 1962) . 

Qua nt um-mec hanical calculat ion of har moni c oscillator tran
s ition probabil it ies. II . Thl"ee-dim e n ~ i o na l impulsive col
lisio ns, F. H . Mies and K . E . Sh uler, J . Chelll. Phys. 37, 
No.1, 177- 181 (July 1, 1962) . 

Remote phase contro l of station WWV, R. F. Fey, .T. B. 
Mil to n, ancl A. l-l . Morgan, Nature 193, No. 4820, 1063-
1064 (Ma r. 17, 1962). 

MelLing and co ntract ility of feather keratin, L. Ma ndelkern , 
J . C. H alpi n, and A. F . Diorio , J . Pol.v mer Sci. Letkr to 
Edi to r 60, No. 169, S31- S33 (July 1962). 

\Vave propagat ion a round a curved bounda ry whi ch co neains 
a n obstacle, J . R. Wai t, Can. J. Ph ys . 40,1010- 1016 (Aug. 
1962) . 

Four-place table clccibels ret urn loss to magnit ud e of vo lLage 
reflect ion coe ffi cicn t , R. \ \T. Beatt.v, Mi crowave Eng. 
H a nb . & Buyers Guide, p. TD188- 192 (Nov. 1961) . 

Duration a nd spacin g; of sfer-ic p ulses, R . Ii' . L infie ld and C. A. 
Samson , Proc. IRE 50, 1841- 1842 (Au g. 1962) . 

VHP a nd UH Ii' s igna l characterist ics obse rved Oll a long 
knife-edge, A. P . Ba l"8is and R. S. Kirb\·, IRE Natl. Conv. 
R ecord, p. 17- 34 (1961) . 

Some obse rvaL ions on gro,,·ing c l".nitals of a rgon, L . H. Bolz, 
H . P. Broida , and H. S. Peise r, Acta Crys t. 15, No.8, 
810- 812 (Aug. 1962) . 

Methods a nd techniques of low and very low f r·equcncy 
monitoring at Bo ulder Laboratori es, A. H. Morgan and 
D. H. Andre\\"s, Consultative Commi ttee for D efini tio n of 
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