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The rf perm eameter is an impedance transformer for measuring toro idal-shaped mag
netic materials at radiofrequencies. Severa l equations already exist For calculating per
meabi lity (IL' ) and dissipation factor (tan Ii) from measured inpu t impedances of the perrne
ameter. The resu lts from t hese equations do not agree with each other except over a sma ll 
range of tan Ii. In this paper the pe rmeameter is represented by its equivalent T-network 
and an exact solution for IL' and tan Ii is obtained in terms of the input impedances and the 
impedance of a calibration core . The resulting equations are valid for all values of IL' a nd 
tan Ii for t he conditions discussed in t he paper. Va lues of IL ' and tan Ii calculated from t hese 
exact equations are compared with those calculated from previous equations and t hese 
results, differin g as much as several orders of magnitude, a re shown graphica'liy. A fre
quency range from 0.1 to 50 Mc/s a nd a tan Ii r ange from 0.0005 to 5 are covered. 

1. Introduction 

Sin ce the develop men t of Lhe radiofrequency pE'r
meametCI· 1 [1 , 2,3,4]2 several equations have been 
derived for calculating the permeability (fJ.' ) 'and 

" disstpaLion facLor (tan o=!!., where fJ.' and 1/' arc 
J.I. 

related by tlw complex permeabili ty, fJ. * = I/ - .i J.l." ) 
of toroidal-shaped magneLie materials. In all of 
these derivation s various assumptions have been 
made about the transformer characteristics of the 
permeameter. Although useful in the design and 
application of the rf perm.eameter, these assump tions 
have led to a number of expre sions each of which 
gives corrE'ct values of J.I.' and tan 0 for only a limited 
range of tan 0. The equations here derived are valid 
for all values of J.I.' and tan 0 for the co nditions dis
cussed in section 2. Problems arising from assuming 
certain characteristics of the transformer are cir
cumven ted by analyzing the equivalent T-network 
corresponding to the permeameter. It is assumed 
that the arms of the equivalent network arc not a 
fun ction of the load impedance. A low loss toroidal
shaped magnetic material is used as an impedance 
standard in evaluating the T-network. The T-nE't
work yields a set of exact equations which have 
been lised in determining values of J.I.' and tan 0 for 
tan 0 r anging from very low loss (0.0005) to very 
high loss (5 .0). These values agree within experi
mental error with those obtained by other methods 
not using a permeameter. An evaluation of all 
permeameter formulas shows that the former equa
tions for tan 0 are in error as much as several orders 
of magnitude for low loss materials, and that one of 
these equations for J.I.' is in error as much as an order 
of magnitude for high loss materials. 

, The use of the permeameter makes the measure-
ment of many magnetic materials possible in the 
frequen cy range of 0.1 to 50 Mc/s. These results are 
not readily obtainE'd using other technique . 

1 See appendi x A for a description of th e rf pcrmcametcr. 
, Figures in brackets indicate t he literature referellees at the cnd of this paper. 
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2. Derivation of the Exact Equation 

A brief derivation of the pcnncameter equaLions 
for J.I.' and tan 0 lS given in eqs (1) through (11) . The 
rf permeameLer is au impedance transformer and can 
be represen ted by the T - 11eLwork shown in figure 1. 

FIGURE 1. Equivalent T-ne twork jor Ii pel'meameter. 

Th ' . d . Z Z + Z8(ZC+ ZL) 
e ll1put Impe ance IS '-'In= A ZB+ZC+ ZL' 

where ZA, ZB, and Zc are the impedances 3 of the 
arms of the T -network, and ZL is the impedance 
added to the secondary. If the input impedance is 
measured with three different known values of ZL, 
an equation for any unknown ZL may be dE'rived 
eliminating ZA, ZB, and Zc, the source of error in 
previous derivations. Let the input impedance be 
measured using the following definitions : 
Zl = ZIn when the secondary is open ; ZL = CD . 

Zo = Zln when the secondary is closed without a 
sample enclosed; ZL = O (this corrE'sponds to the 
output terminals being shorted in fig. 1). 

Zj' = ZIn when the secondary is closed with a known 
or standard impedance sample enclosed; ZL 
= Zs, where Zs is the impedance of the standard 
sample minus the reactance of the space it re
places. 

, The impedance due to the shorUng plate is included in Zo. 



Z f = .0IU when the secondary is closed with an un 
kno wn sample enclosed ; ZL= Z U, where Z It is the 
impedance of the unknown sample minus t he 
reactan ce of the space it replaces. 

When a sample is enclosed in the secondary to 
measure Zf or Z!" it is assumed that there is negligible 
direct coupling wi th the primary and th at there is no 
significan t change in the distributed capacitan ce of 
the secondary. If there is no measurable ch ange in 
Zl when a sample is placed in the open secondary, 
t hen the coupling an d change in distributed cap iLC
itance are negligible. 

Expressing t he input impedance in terms of .0.4 , 

ZB, Zc, and ZL gives 

Z R + . L Z + Z BZC 
0= 0 JW 0= U A Z + Z ' 

'--'B '-Ie 

(1) 

(2) 

(3) 

(4) 

From these equations the unknown impedan ce, 
Zu, m ay b e wTit ten 

(5) 

The product of the first two factors 011 the rigll t is a 
constan t for a permeameter at a given frequency. 
D efin ing this complex calibration constan t as w(x+ j y) 
we have 

(6) 

By substitu ting (6) in t o (5) and expressillg Zu III 
terms of J1.' and tan 0, (5) becomes 

where L a=equivalent all' inductance of the sample.4 

Solvmg (7) for J1. ' and tan a gives 5 

(8) 

tan a (9) 

where 
A = RfO Rfl+ W2L flL fO 

B = wLfORfl- wLflRfO' 

The calibra tion constan ts x and y m ay b e expressed 
in terms of J-L ' a nd tan 0 of the standard core. Zs 
m ay b e written 

Zs= wLasl J1. ~ tan os+j(J-L ~ -l)l. 

Then from (6) we have 

Las[E(J-L~- l )-FJ-L ~ tan as] (10) 
y (R ['0)2+(wL f'O)2 

wh ere 

X F(J-L~- l) +EJ-L ~ tan Os 
Y=E (J1..;- l)-FJ-L ~ tan os' 

E = Rf'ORf'l + w2L [' IL [,0 

F = wL['o Rf' l-wL[, IR[, o, 

(11) 

Primed subscrip ts and quan ti ties wiLh subscrip t s 
refer t o the standard of known impedan ce. 

Assuming t hat th e load impedance does no t change 
th e characteristics of the T -network , t hese equations 
should b e exact for all values of J-L' and tan o. The 
accuracy of the r esulLing answers appears t o b e 
limi ted only by th e accuracy of the device u sed to 
measure the input impedances, th e r eproducibility 
of th e secondary "short," and t he accuracy of the 
standard impeda nce 7s . R educing errors due to the 
impeda nce m easuring device has b een discussed in 
th e li terature [1 , 3]. 

The presen t secondary shorting arrangem ent is 
silver -to-silver surface con tact form ed under high 
flnd relatively evenly distributed pressure exer ted 
by a cap which is screwed onto the permeameter 
(fig. 2) . This arrangemen t yields a contact r esistance 

C) 

·L .=2X(heigbt in meters)Xln (outside diameter/inside diameter) X 10-7 
benrys . 

• 'l' he double subscripts denote differences, for example R[I =Rr- R" LI1=Lr FIGURE 2. An rf pe1'1neameter showing silver to silver contact 
-L,. sUljaces . 
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which is l'epl'od ucible to it preCISIOn approximately 
equal to 01' greaLer Llhtll LhaL of the impedance meas
uring devices presently used . The error introduced 
by calibntLing the penneameLer with a known im
pechtnce may be min imized by choosing the proper 
calibration core. 

3. Approximate Equations for Low Loss 
Samples 

The working eqs (8) through (11 ) can be simplified 
considerably for low loss samples. These approxi
mate eq ua Lions are also useful in determining the 
desired characteristics of a standard calibration core. 
Equations (8) through (11 ) may b e expressed in 
terms of r esonating capacitance and Q by letting 

Ql = wLI /HI Qo = wLo/Ro QJ= wLJ/RJ Qr = wLI' /RJ 

C1 = I/w2LI Co= l /w2Lo Of=l /w2LJ C" = 1/w2L/,, 

If the ass umption is made that the square of each 
Q is much greater than one, that is 

Qi» 1 Q6» 1 Q~» 1 QQ}, » 1, 

and that tan 0« 1, then (8) and (9) reduce to 

where B/A reduces to 

B _ Rfl Rfo _ 0, { Co,+ Cfl 001 } 
A- wLfl - wLJO - CoJOn ~ Qo - QJ . 

Also (10) and (11 ) reduce to 

X J.1. ~ . F 
-=- ,- tan oS+E 
y J.1.s- 1 -I 

where F/E reduces to 

(8a) 

(9a) 

(lOa) 

(11 a) 

The results from (8a) through (ll a) agree with 
the results from (8) through (11) to better than 1 
percent for the N BS permeameters, provided that 
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tan 0< 0.1. Tn part 4 it is suggested t hat the cali
bration core have a low loss. The calibration 
constants x and y may then be calculatl:'d from (lOa) 
and (ll a). 

4 . Reference Sample or Calibration Core 

The referen ce sample pres en tly used at the N a
tional Bureau of Standards to find the calibration 
constants x and y is ,1 stable low loss powered iron 
carbonyl SF core. The mos t accura Le determination 
of y can be made if the calibraLion core is machined 
to have an L a such that eit her L n /Lol' or O"dOo,' 
in (lOa) approaches unity, depending on whether 
inductance or capacitance measuremen ts nre being 
made . Sin ce y and 00/01 do not ch ange greatly 
over the frequency mnge of 0.1 to 50 Mc/s, onl:' cali
bration core m ay be cu t to ha,ve a n La that will be 
near optimum for calibration over Lhis frequency 
range. 

Tlw most accuntLe determination of xfy may be 
made by usin g a core with the lowest possible value 
of tan os. Th e value of x/y for the National Bureau 
of Standards permen.meters is of the order of 0.01 . 
Examination of (ll it) shows Lhn.t if Ln.n Os is lTlUch 
less tlmn 0.01, say 0.0001 , x/y is approximately in
dependent of tan Os in which case x/y ""' F/E and only 
n.n approximn.te value of tan Os need be known . 
Therefore, Lhe permeameter may be calibrated with 
a minimum of error by cboosing n. very low loss 
material hn.ving a permeability that is stn.ble with 
t.ime and LemperaLure n.nc! having an optimum value 
of La. 

The permen,bility J.1. ; and loss tangent Lan Os of the 
SF calibration core were determ.ined inLhe frequency 
range of 1.0 to 50 M c/s as follows. The core was 
measured in demountn.ble coils and coaxial lines 
below 1.0 M c/s on a Maxwell-type bridge and in 
variable lengLh re-entrant cn.vities above 50 1\1C/8. 
The J.1. ; r emain ed constant from 0.1 to 100 Mc/s. 
To obtain a curve of tan Os between 1.0 and 50 M c/s , 
the curve above 50 Mc/s was extended down and the 
curve b elow 1 M c/s was extended up to make a 
smooth transition as shown in figure 3. 

From (8a) and (lOa) i t can be shown that any 
error, llJ.1. ~, in J.1. ; will produce an error, llJ.1.' , in the J.1.' 
of any measured sample of an anlOlmt 

, ,J.1.'-l 
!;J.1. = llJ.1.s - '--I· 

J.1.s-
(12) 

The percent error in f-L' is approximately equal to the 
percent error in J.1. ; . 

Likewlse it can be shown from (9a) and (lla) that 
n.ny error, II tan os, in tan Os will produce an error , 
II tan 0, in t he tn.n 0 of a.ny measured sample of an 
amount 

(13) 



Therefore if a more accurate determination of /l ; and 
tan Os is made later, the J1.' and tan 0 of previously 
measured samples may easily be corrected using 
(12) and (13). 

5 . Q-Meter Measurements 

Since the permeameter is often measured on a Q-

the effective capacitance, C., can be expressed in 
terms of tbe indicated Q, Qi' and indicated capaci
tance, Ci, as 

Ce (14) 

(15) 

meter, it is of value to note that most of the correc- where 
tions to the measured Q and C due to residuals in the 
Q-m.eter cancel out when using (8a) through (l1a). and 
A Q-meter circuit including the residuals Rm , L', L e, (w2LeCi- l)2 

w2C~Rv and R v is shown in figure 4. The effective Q, Q., and 

'" '" c 
.s 

0.001 

0.0001 ~----'_----'----'---'---'--_'------'_'--'---'-_-'--_-'---'--'-J 
0.1 10 100 

FREQUENCY, Mc/s 

FIGURE 3. Carbonyl SF calibration core, tan ii, versus fTe
qlieney showin(J demountable coil results (0. 1 to 2.0 Mc/s) 
and re-entrant cavity results (45 to 100 Me/s). 

Hi L' Hi 

Le 

In obtaining (14) and (15) it is assumed that 

If each capacitance in (8a) and (lOa) is replaced by 
the corresponding corrected expression from (14), 
the resulting equation for 1/ - 1 is identical to (8a) 
in which indicated values of capitance are used. 
The corrections cancel. 

If each capacitance and Q in (9a) and (lla) is 
replaced by the corresponding corrected expression 
from (14) and (15) the resulting expression for tan 0 
becomes 

(16) 

where K is a correction term which becomes signifi
cant above about 10 Mc/s. 

K = w2L e [~{CICOf+COCfl_CfCOI } 
COfCfI Ql Qo Qf 

_~{CICOf'+COCf'l_Cf'COl }J' (17) 
CwCn Ql Qo Qf' 

Each Q and capacitance in (16) and (17) is the 
indicated value as read on the Q-meter. Note that 
L e is the only residual appearing in the correction 
term. The corrections due to L' , Rm, and RD cancel. 
Tan 0 may be corrected either with (17) or by cor
recting each indicated Q with the expression 

Qe 

and using these corrected values of Q in (9a) and 
(lla). 

6 . Comparison With Previous Permeameter 
Equations 

The following eqs. (18) through (24) have been 
~-O---'\N\,----i'V used in the past to evaluate J1. ' and tan 0 from perme-

GND ameter data using the Q-meter. LO 
e From circuit (a) and assumptions 1, 2, and 3 

FIGURE 4. Q meter approximate equivalent measurin(J eil·cuit. (fig. 5) Haas [1] derived (18) and (19). 
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(18) 

(19) 

Because (19) becomes negative when measuring 
I relatively low loss materials, McKnight [2] derived 

(20) using circuit (b) and assumptions 1, 2, and 3 

(20a) 

Equation (20a) reduces to (19) plus 2/ Ql 

(20b) 6 

In another attempt to correct the 01'1'01' of (19), 
Rasmussen, Enfield, and H ess [3] derived eq (2 1) 
from circuit (c) and assumptions 1, 2, 3, 4, and 5. 
In the primary section the losses of the winding were 
separated from those of the material. T an 0 is here 
defined as /-L" /)1.' , not as J.t' ' / (/-L' - 1) as was done in 
[1] and [2] . 

(21) 

• Subscripts on tan 0 refer to equations giving the associated expression for 
tan O. 

ASSUMPTIONS 

I. R,2« w2 LI2 

2. Rl«wZLl 

3. IRztRu)2 « w2IL2+Li 

4. IRp / X/« I 

5. 2IRp/Xp) TAN 8(19)« I 

6. 2IRp/Xp)TAN 8(24) « I 

FIGU RE 5. Circuits used and assumptions made in deriving 
equations (18) throt,gh (24). 

Rp and Xp are the series resistance and reactance of the primary material. 
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Since assumption 3 is no t valid when measuring 
relatively high loss samples, Rasmussen and Hess [4] 
derived (22) through (25 ), using circuit (c) and 
assumption 1, 2, 4, and 6. 

(22) 

(23) 

where 

(24) 

and 

(25) 

A number of samples with losses rangi ng from 
0.0005 to 5.0 were measured in the permeameter 
and the r esulting data evaluated usin g eqs (8) and 
(9), and (18) through (23). The r esultin g values 
of /-L' and tan 0 for 5 of these samples are shown in 
figure 6. Also included are J./ and tan 0 as measured 
in a coaxial line. Below 15 Mc/s, samples F3, PI, 
and P2 could no longer b e measured in the coaxial 
line b ecause of their low resistance. 7 To increase 
the resistan ce to a value within the limi ts of the 
measuring system, the volume of the material was 
increased by adding a number of cores of the same 
material to the coaxial line. In this wayan average 
value of tan 0 for each material was obtained at 
several frequencies below 15 M c/s. These results 
are in close agreement with tan 0 obtained by measur
ing individual samples in the permeameter and 
evaluating the data with eq (9), the exact expression 
for tan o. 

A study of the results from the different equations 
(with /-L' ~ 4 to 4,000 and tan 0 ~ 0.0005 to 5.0) 
shows that the equations may be used within the 
following limitations: 

(1) Equation (18) can be used for all values of /-L' 
provided tan 0 does not exceed approximately O.l. 
For tan 0 greater than 0.1 , (18) gives values for p,' 
that are too high. 

(2) Equation (22) gave correct results for /-L' in 
the range of p,' and tan 0 studied. (/-L' ~ 4 to 4,000 
and tan 0 ~ 0.0005 to 5.0). 

(3) Equations (19), (20), (21) , and (23) can be 
used for tan 0 in the approximate range of 0.1 to 1.0, 
with the exception of (23) which can b e used up to 
at least 5.0. 

7 The eq ui valent series resistance of the sample is WI" L. tanO. 
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F IGURE 6. T hree ferri te samples (Fl , F 2, and FS) and ttW powdered iron samples (PI and P2) 1neast/red in 1j penneameters 
on a Nlaxwell type bridge (0.1 to 2.0 NIe/s) and on a Q meter (1 .0 to 50 .Jlt[e/s). 

The data were evaluat ed using the differen t equations discussed in the text . The coaxial line values below 2.0 Mcls were foun d by fi lling a coaxial li]]e with a 
number of like samples and obtaining a value of p.' and tan Ii for the group representing the average of the values for the individual cores. (T ypical sample size : OD = 
1.00, ID =0.60, ll = 0. 16 inches.) 
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(4) T1e exacL equatio ns (8) and (9) can be used where 
for va lu es of M' find Lan 0 iLL least within the range of 1 I pI 09 l ' d l ' 0= 27[' -y j' s em cpL 1111 cm , J./ ~ 4 to 4,000 rtnd Lrtn 0 ~ 0.0005 Lo 5.0 . 

(5) The approximate eqs (8a) and (9a) agree with 
(8) and (9) Lo beLter thltn 1 percent for tan 0 < 0.1. 

The a;uLhors thank Mr. W. A. Pittman for making 
the many measurements and calculations. 

7. Appendix A . Description of the RF Per
mea meter 

The rf permeameter is an impedance transformer. 
It has a wound powered iron or stable ferrite toroidal 
core as a primary and a coaxial shorting enclosure as 
a secondary which envelops both the primary and a 
toroidal test sample core in such a manner that the 
magnetic field is concentric with the coaxial sLru c
ture. Primaries, provided wi th conn ectors for ter
minals at one end of the enclosure , have different 
inpu t impedances depending upon the frequency of 
interest and cover a range of at least 20 kc/s to 50 
M c/s . The core to be tested is inserted in to the 
permeameter secondary where it is surround ed by a 
nearly un iform current sheet. l~el atively small im
pedance changes in the secondary are easy to detect 
at the input to the primary. Because the form of 
the test core is toro idal, conections for demagneti
zation effects arc no t necessary. 

In making measurements, the prim ary of the 
permeameter is placed in rtn arm of an impedrtnce 
bridge or across the term inals of a Q meter. The 
input impedance of the primary of the permeameter 
is measured, fU'st with permeameter secondary open, 
second with perm eam eter secondary shorted without 
a sample, and third with pel'JTleameter secondary 
shorted with either a standard 01' unlmovvn sample 
enclosed . From these data, the initial permeabili ty 
(M ' ) and th e dissipation factor (tan 0= /.,," 1M' ), i.e., 
the rec iprocal of the Q of the material, are derived. 

8 . Appendix B. Accuracy Check Using 
Metal Rings 

At radiofrequencies a metal ring or toroid has an 
impedance which can b e calculated from its physical 
dim ensions and the resistivity of the metal. Such 
a ring would be an ideal standaTCl of impedance for 
calibrating the permeameter provided that the im
pedance of the r ing was within the impedance range 
of the p ermeameter. It can be shown that the 
inductance and resistance of a metal ring at l'adio
frequencies are 

OD-o 
L= 2(H - 0) In ID+ o 10- 9 henry (26) 

p [ OD - o (H - o)(OD+ ID)] 
R= 7['0 In ID + o + (OD- a) (JD+ o) ohm 

(27) 
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p= resistivity, [l ern , 

f = frequeney in cycles/second, 

OD, rD, H = outside diameter, inside diameter, 
height in cm. 

Several brass and copper rings were made and used 
in an attempt to calibrate the permeameter, but the 
results lacked precision. The impedance of the 
metal rings and the Q of the pel'meameter with a 
ring enclosed were too low for accurate detel'mina
tion of the calibration constants x and y. 
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copper (CU5) ring as measured in a demountable coil and in 
the penneamete?· . 

T he solid lines are calculated from equations (26) and (27). 



It was decided that the metal rings would not 
make good calibration cores, but that they could be 
used to check the accuracy of the permeameter when 
using the exact equations. Figure 7 shows the re
sults of the measured values of inductance and 
resistance versus frequency of two brass and two 
copper rings of different size. The rings were meas
ured in the permeameter on a Maxwell-type bridge 
from 0.1 to 1.0 Mc/s and on a Boonton Q meter 
260- A from 1.0 to 50 Mc/s. The SF core described 
in part 4 was used as the calibration core. The 
data were evaluated with the exact equations in the 
form 

R-jwL= w(x+ jy) (~~-~~) (28) 

The rings were also measured in a demountable 
coil [5] from 0.1 to 1.0 Mc/s on the Maxwell type 
bridge to compare the results of the permeameter 
and demountable coil with each other as well as 
with the resul ts from (26) and (27). 

As figure 7 shows, the results of the permeameter 
are in complete agreement with that from tbe de-
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mountable coil and from (26) and (27) within the 
precision of the measuring devices. The precision 
obtained for both the permeameter and the de
mountable coil is approximately 20 ph for Land 
0.02 mn for R from 0.1 to 1.0 Mc/s on the bridge. 
The precision obtained from the permeameter on the 
Q-meter is approximately 50 ph for Land 0.1 mn 
for R. 
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Elas tic constants of rutile (Ti02) , J . B . Wach tman, Jr ., 
W . E. T efft, and D . G. Lruu , Jr., .T. R esew'ch N BS 66A 
(Phys. and Chem.) No.6, 465 (Nov.- Dec. 1962) 70 cents. 
T he six elastic constants (and six elastic co mpli ances) of 
ru t il e were determin ed in the kilocycle per second frequency 
range by a resonance method. The standard deviations 
range from 0.2 percent for Sll to 4.3 percent for S 13. 

Reaction of harde ned por tland cement paste with carbon 
dioxid e, C. M. Hunt and L. A. Tomes, J. Research NBS 66A 
(Phys. and Chem.) No.6, 4-73 (Nov.-Dec. 1962) 70 cents. 
The effect of age, water-ceme nt ratio, and evaporable wate r 
content on t he reaction of hardened cement paste wi t h carbon 
dioxide was investigated, using small cylinders of cement 
paste. The rate and exten t of the reaction a re subject to 
manipulation by varying the evaporable water content of t he 
paste. Pastes of different ftge and water-cement ratio tend 
to dry at different rfttes, a nd this tendency exerts an important 
indirect eff ect on carbonation. 
According to t he COz-H20 stoichiometry of carbonation, 
other phases can react while calciu m hydroxide is still present, 
bu t t he possibility of preferential attack on calci um hydroxide 
at low levels of carbo nation should be considered. 'Water
cement rfttio, pftr ticula rly when t he paste is very dense, m ay 
make a diffe rence i n the relative arcessibili ty of different 
phases to carbon dioxide. 

Reliability of a system in whi ch s pare parts de teriorate in 
storage, G. n . Weiss, J. R eseaTeh NBS 66B (Malh. and M~ath . 
Phys. ) No. ;', 157 (Ocl.-Dec. 1962) 75 cents. 
The problem which we consider in the fo llowin g paper is the 
calculation of the lifetime statist.ics of a compone nt with n 
spares with the proviso that redundant elements can fail in 
storage. It is assumed t hat failed components are instan
taneously replaced. Similar models have been considered 
before in the li terature, particularly by Prosch an and col
laborators, who were interested in determining the optimal 
spare parts kit for a system of components in series, g iven a 
fixed amOl1l1t of capital to provide the spare parts . If it is 
assumed that components do not deteriorate in s torage then 
the calculat ion of t he distr ibution of time to fai lure is simple 
sin ce it is just the sum of indi vidu al fail ure times. I n the 
present situation the calculations are somewhat more com
plicated, and we have only succeeded in finding a solut ion 
when the reliability fun ctions for on-line failures and fo r in
storage failures are exponential. In other cases we prescribe 
algorit hms for the solut ion. 

A mod el ror the viscoelastic behavior or rubberlike polymers 
including entanglement effects, R . S. Marvin and H . Oser , 
J . R eseaTeh N BS G6B (Math. and Malh. Phys.) No.4, 171 
(Oct.- Dec. 1962) 75 cents. 
A model representing t he m echanical Tesponse of a rubberlike 
poly mer is derived , using the same molecular concepts of 
ent ropy elasticity and a v iscous parameter expressing inter
actions between polymer molecules employed by Rou se, 
Bueche, an d Zimm in t heir molecular t heories. Since the 
mod el developed h ere represents the mechanical response of 
a chain, rather than t h e chain i tself, it can be modified more 
easil y than t hese strict molecular t heories t o include effec ts 
due to entanglements between chains which modify the 
character of t he viscosity-molecular weight relationship at a 
critical molecular weigh t. 
This modification is introduced, t he results for both steady
state and t ransient respo ns!') function s a re calculated, an d 
t he e r esults compared with experim ent for t he "Standard" 
pol yisobutylene. T he agreement in dicates t hat the same 
"entanglements," whatevel' their precise nature, a re re pon
sible for the propo l'tionali ty of viscosity to M3.4 fo r a hi gh 
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molecular weight polymer, t he eq uilibrium co mpliance, and 
t he pseudoequilibrium compliance at intermediate times or 
frequencies. 

RF impedance probe measurements of ionospheric electron 
densities, J . A. Kane, J . E. J ackson, and H . A. Whale J. 
R esearch N BS 66D (Radio P1'Op.) No.6, 641 (Nov.-Dec. 1962) 
70 cents. 
The Aerobee-Hi rocket NASA 4. 07 obtllined vertical electron 
density profi les in t he ionosphere simultaneously by the Sed
don CW propagation technique and by an RF impedance 
probe technique. The experimental goal was to assess t he 
performance of t he RF probe against the accurate values from 
t he CvV method . In t he RF probe method, t he electron 
density N was derived from t he dielectrie constant [{ of t he 
medi';lm at a frequency.f 7.75 Mc/s. If the ear th's magnetic 
field . IS neglected, t he relation between t hese quant it ies may 
be gIven as J( = 1- (8 I N /12). An expression for the dielectric 
constan t including t he effects of t he earth's magnetic field is 
deriv~d . The fractional error introduced by neglectin g t he 
earth s field IS of t he order of (fH //)2 where!ll is the electron 
gyrofrequency. 
It was concluded that, with all owance for the positive ion 
sheath aro und t he rocket., t he RF impedance probe can yield 
reliable values of electron density. These values were ob
tained from changes in t he capacitive par t of t he probe's 
I mj)e\lan ce. Small , a pparen tly ano malous changes in tbe 
reSIs tive part were also observed. 

On the geometrical optics of curved s urfaces with periodic 
impedance properties, . J. Marcinkowski and L. B. Felse n, 
J. R eseaTeh NBS 66D (Radio P rop.) No.6, 699 (Nov.- Dec. 
1962) 70 cents. 
In a previous publ ication, a two-dimensional Green's function 
has been derived for a cil'cular cyl inder whose surface imped
ance around the periphery deviates from a constant valli e 
by a. sin ~l soi cl al variation of s mall ampli t ude a. H ere, this 
solu tion IS evaluated asymptotically in the illuminated region 
l\I1der the assumption t hat the cylinde r radiu s is la rge com
parcd with ~he. wavelength of t he incident fi eld. The asymp
totl? result IS Interpreted In ~erll1s of geometrical optics gen
e ra li zed to apply to cylln dl'lcally curved, eonvex re fl ection 
gratings, and co mprises the fIrst and higher oreler diffracted 
l'~ys associated \~' i th a plane g ra~ing, iogether with geometrical 
dIVe rgence coeffl clents fl,CCO un illlg for the surface curvatu re. 
General properties of the spectru m of refleeted rays a re ob
served .. The be~avio r o~ t he fi]'~t-order diffracted rays, an d 
Il1 p ar tIcul a r thClr domall1 of eXistence as a function of sur
face periodicity, is discussed in detail. 

On the limitati()ns of geometrical optics solutions for curved 
surfaces with variable impedance properties, C. J. Marcin
kowski and 1" B. Felsen, J . Research NBS 66D (Radio P1'Op .) 
No.6, 707 (Nov.- Dec. 1962) 70 cents. 
In t he pre?eding paper, t he. authors have p resented an asymp
totIC solutIOn for t he field Il1 t he Illuminated region of a lal'O"e 
circular cylinder whose surface impedance a round the p~
nphery deVIates from a constant value by a sinu soidal varia
t ion of small amplitude a. To a (a), the reflected fi eld co m
pri ses a specularly reflected ray a nd two first-order diffraeted 
rays characteristic of a curved convex refleetion grating. If 
t he surfac~ imped~nce varies "slowly," these t hree rays can be 
c?mbllled Il1 to a slr:gle specularly rc fl ected ray having a reflec
tIOn coeffi Clent whIch depends solely on t he local impedan ce 
at t he reflection point. The "slowness" conditions necessary 
for t he validity of thi s local refl ection prin ciple of geometri cal 
opt ics are investigated and interpreted in physical ter ms. 
The . res~ l ts a re prese nted in a manner which suggests t lleir 
applicabI li ty to genera l, gently c urved su rfaces with slowlv 
varying impeda nce properties. . 



Chemistry of cement. Proceedings of the fourth interna
tional symposium, Washington , 1960, NBS J110no, 43, Vol. 1 
(il ug. 31,1962), $5.75; Vol. II (Sept. 27, 1962), $5.50. The 
two volwnes are available at $11 .25 a set. 
T his two-volume Monograph contai ns the complete texts of 
a ll papers given at the Fourth Interna l Symposium on the 
Chemistry of Cemen t, held in Washingto n, D.C., October 
2- 7, 1960. Tile publication represents one of the most com
plete reference works availa bl e on the subject, and p resents 
t he latest information in most of the fields of ce ment chem
istry research. Topics covered, divided according to sess ion 
titles : Volume 1, Chemistry of clinker, chemistry of hydra
tion of cement co mpounds, and chemistry of hydration of 
portland cement; Volume II, Properties of cement paste and 
concrete destructive processes in con crete, chem ical add it ions 
and admixtures, a nd special cements. 

Tables of Eise nstein function s . Vibrational contributions to 
the thermodynamic functi ons, J. Il ilsenrath and G. G. 
Ziegler, NBS Mono. 49 (htly 12,1962), $2.75. 
T ables are presented fo r the contribu t ion of a harmonic 
oscillator to t he free energy function, entha lpy function, 
entropy, and h eat capacity of gases. Dimensionless valu es 
of the Planck-Einstein function s are given as a function of 
X = Hc/k'l' for X = 0.0010 (.0001) 0.1500 (.001) 4.000 (.01) 
10.00 (.2) 16.0. A second table which gives t he contributions 
in cal/ mole OK directly as a function of frequency 11- , an d 
temperature '1' , was computed using the values 1.43880 for t he 
second radiation constant hc/k, and 1.98717 for t he universal 
gas co nstant R. The a rgu ments for the latter table a re 
spaced at 10 wfI,ve nu mber intervals from 100 cm- 1 to 4000 
cm- I . 

Bibliography on atomic transition probabilities, B. M . Glennon 
a nd W. Wiese, NBS Mono. 50 (Ji1W 1, 1962),35 cents . 
A bi bliography on atomic t ransit ion p robabilities is presented. 
T he papers are arranged according to ele ments an d stages of 
ionization , and the m ethod e mployed and class of t ransit ions 
are indi cated behind efl,ch reference. Only ar t icles 011 dis
crete transitions, both permitted and forbidden, a re listed . 
Also included is a supplementary list of pa pers dealing lVit h 
transition probabilities from a general poin t of v iew, a tabl e 
showing t he availabili ty of num erical material on the indivi
d ual !1toms an d ions, and a table of conversion factor" 

Systems of e lectrical units, F. B . Silsbee, NBS Mono . fi8 
(Se pt. 20, 1962), 30 cents. 
The various syste ms of m easurement, with their r espective 
sets of un its, used ill the li te rature on electri city and magnet
ism a re described in detail. Their h istorical development is 
summarized. The manner in which each is de rived from 
either of t he two alternative points of view of t he experime n
talist a nd t he theoretician is compared a nd contrasted. The 
desirab ility of recogn izing both points of view in international 
standardization , particularly when discussing rationali zation, 
is poill ted out. The present status of the absolu te measure
me nts on which all electrical units are based is reported, and 
tables are inclu ded for t he conversion of equations and 
n umeri cal values from one syste m to another. 

A survey of the techniques for measuring the radio refractive 
index , R. E. ~1cGav i n, NBS Tech. Note 99 (May 1962) 30 
cents. 
The radio r efractive index can be measured either directly or 
ind irectly. The former method is uti lized by radio frequency 
refractometers; the latter method involves measuremen t of 
temperat ure, pressure a nd hu midi ty and con version to refrac
tive index . In terms of convenience and acc uracy the d irect 
method is sup erior; however, lack of the universal use of re
fractometers Tequ ires t he use of weather ser vice type of data 
for the bulk of refractive index structures. Meteorological 
sensing is lilll.ited mai nly by t he inacc uracy in m easur in g 
humidity which under ideal conditions appears to limi t t he 
acc u racy to :!: 1.0 N. Grad ient measurements utilizing radio
sondes reflects an accuracy no better t han :!: 3 N units. 
R adio frequ ency refractometers are capable of acc uracies .as 
much as an order of magnitude better t han that achieved by 
meteorologi cal sensors . Lightweig ht refractomenters have 
been devised for balloon-borne a nd dropsonde meas ure ments 
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r eflecting accuracies in fe rior to the con ventiona l refrac tometer 
but superior to the radiosonde. 

A tab ulation of the thermodynamic properties of normal hy
drogen from low te mperatures to 540 OR and from 10 to 1500 
psi a, Su ppleme nt A (British uni ts), J. W. Dean, NBS Tech. 
Note 120A (J une 1962) 45 cents. 
Pressure, volume, temperature, internal energy, enthalpy, 
and entropy of normal hydrogen gas have been tabulated 
a long isobars in 2 OR temperature steps. The range covered 
is from t he saturation temperature to 540 OR and from a 
pressure of 10 to 1500 psia. The so urce of data is R esearch 
Paper 1932 of t he ;..rational Bureau of Standards J ournal of 
Research. The method is descr ibed by which the data pre
sented in R esearch Paper 1932 is reduced to proper ties di
rectly useful for engineering calculations . A method is also 
described for estimating the effects of ortho-para composi tions 
upon t he tabulated properties. 
T a bular values are presented in the dimensional uni ts of t he 
Britis h system. The tabulatio ns are also available in t he 
di mensional units of t he metric system as T echnical Note 
1\0. 120. 

General characteri stics of lin ear strain gage accelerometers 
used in telemetry, P. S. Lederer, NBS Tech. Note 150 (J une 
1962) 40 cents. 
This paper presen ts a summa ry of pertinent in formation , 
t heoretical a nd experimental, on t he des ig n cllaracteristics, 
performance capabi li t ies and limitatio ns of strain gage ac
celerometers used in telemetry. Propert ies a nd character
istics of unbonded and bonded types of strain gage accelero
meters are discussed. 

A general survey of the semiconductor fie ld, G. W. R eimheIT, 
N BS Tech. Note 153 (Aug. 1962) 30 cents. 
This survey presen ts a listing of so me of the properties a nd 
applicatio ns of a n umber of s ingle-element and binary com
pound inorganic semicondu ctors. Brief mention is made of 
other types of semiconductors (ternary co mpounds, mixed 
crystals, alloys, ferrites, and organics) . The toxicity p rob
lem presented by many semiconductors is noted . 

The thermodynamic properties of helium from 3 to 300 OK 
betwee n 0.5 and 100 atmospheres, D. B. Mann, NBS Tech. 
Note 154 (Jan. 1962) 50 cents. 
The specifi c volume, enthalpy, entropy, and internal energy 
values of heliu m are presented in tabular form as func tions 
of pressure and tem perature. 
Data afe tabulated in one degree Kelvin increments for forty 
isobars between 0.5 atmosph ere and 100 atmospheres. A 
comparison wit h previously publi shed data is made where 
applicable. 
An expression is presented Wllich represents the pressure
density-temperature s urface based on previously published 
data. 
The tabulation is presented in t he dimensional uni ts of the 
metric system, but is also availa ble in t he d imensional uni ts 
of the British system (Supplement A) . 

The heat capacity of diamond at high temperatures, A. C . 
Victor, J. Chern. Phys. 36, No.7, 1903- 1911 (Apr. 1962). 
The entha lpy of gem diamonds has been measured from 273 
to 1073 OK using a "drop" method and a Bunsen ice calorim
eter. The derived h eat-capacity values, which are believed 
to be accurate to :!: 0.5 percent, are used to calculate t h e 
t hermal functions of diamond above 298. 15°K. Values of 
C~ (harmonic) der ived from the present investigation a nd 
recent measurements of t he t hermal expansion and tile elastic 
constants of d iamond are compared w ith theoretical treat
ments. Reasonably good agreement in the temperature rallge 
of t his study can be obtained with a sill gle Debye function 
(8]) = 1860) obtained from t he measured elastic constants. 
Extrapolation of the data gives 8 00 = 1880 ± 10. 

Millimeter wave techniques, ,lIT. Culs haw, Book, Advances in 
Etect1'onics and RlectTOn Physics XV, 197-263 (Academic 
Press , I nc., New York, N. Y. , 1961). 
The importance of m illi meter waves both in research a nd in 
technology is out lin ed, and t he difficulties experi enced in the 
exploitation of t hese s hort wavelengths are made evident. 



Co nsiderable attent ion is given to Lra ll s mission a nd measure
ment prob lems, since con vcnLional waveguide m ethods have 
ser ious lim iLations at s ll orL mm wavelengths. Opt ical a nd 
quasi-optical m ethods a re d isc ussed, an d applications of mm 
wave inlrrferometer~ and a mm wave spectr ometer are 
considered and diflracl ion effects t reated in det.ail. The 
great potential usc of Lhe mm wave Fabr y-Perot interferom
eter in precision m easure ments, a nd in maser researeh is made 
evident. Tolal r e fl ection phenomena at O1m wavelengths arc 
presented and applicatio ns SUC ll as attenuation standards, 
phase changers, a nd po bLrizers a re discussed. Are-en tr ant 
b ico ll ical spherical r eso nator is co nsidered for operation at 
mm a nd s ub-mill wavelengths, at high orders of interference . 
Express ions for t he Q and shun t im pedance are given, and 
results indicate that it could have d irect application to t ile 
mm wave generation problem, a nd to solid state research at 
t hese wavelengths . Fin ally so me practical aspects of mm 
wavc detcction a nd possible levels of se nsit ivity are given , 
together wi th so me conclu d ing remarks on millim eter wave 
r esearc h. 

Plastics, G. iVI. Kline, Encyclopedia Americana XXII, 221-
229 (1962 Ed.). 
T hc a r t icle current ly p ublis lled in t he Encycloped ia Amcricana 
has becn rcvised a ncl expa nded to include ncw dcvelopments 
in materials, processes, a nd a ppl ications . New section s ha\'e 
a lso been added on stereospecifi c poly merization, irrad iated 
p lastics, a nd graft and block cop oly mers. 

The influ e nce of temperature and press ure on the rheologi cal 
properties of pol ymers , R. S. Mar vi n, J . J apan Soc. Testing 
111{ alerials, Rheology I ssue 11, 303- 307 (Ma y 1962). 
The influ ence of temperat urc a nd pressure on v iscosily a nd 
t heir correspondi ng influ ence 0 11 t ime dependen t rheological 
propert ies is reviewed in terms of t he free volum e theo ry. 
MeasLll'ements obtain ed at t he Kat io na l Burcau of Slanda rds 
o n t he effect of pressure 0 11 t he dynami c bu lk nodulu s of 
natural rubber a nd poly(v inyl acetate) arc used to illustrate 
t he usefu ln ess of t he free volume co ncept and to g ive somr 
clucs as to its vali di ty. The rcsu lts fo r llatlll'al rubber sre m 
to agree very well with thc pred ict io ns of t he free vo lume 
theory; t hose for poly(vi ny l acetate) sho w a n unexplai ned 
d iscl'epency which indicates Lhe Ileed for furlher stud ies of 
other polymeric systems. 

Extension of the Flory-Rehn er theory of swellin g to an 
ani sotropic syste m, S. D . B ruck, J. P olymer Sci. 55, 29- 31 
(Dec. 1961). 
The F lory-Reh ncr t reatment of isotropic swelling of cross.. 
link ed amorph ous networks has been modified to a ppl y 
to oriented, semi-c rystall ine structures. The ne w p<tra n1l'le rs 
introd uced can be r ead ily determined from t he dimensional 
clutnges of s mall scgmell ts of fibers in a sui table sol ve n t 
using a microscope equipped with a mi cro mete r eyepiece or 
with a photom icrogra ph asse mbly. Unlike ot her methods, 
t his technique ena bles t he attainme nt of swelling equilibria 
usually withi n 30 minutes. Preli minary experiments con
clu cted on a series of erossli n ked fibers substan tiate the 
validi ty of t his modifi cation of t he F lo ry-Rehner equat io n. 

T he international standard of light, R . P. T eele, J . Opt. Soc. 
Am. 52, No.7, 826 (J uly 1962). 
In 193 1 Wensel et aI. , reported t he practical realization of the 
suggestion, made in 1908 by Waidner a nd Burgess, t hat a 
blackbody radiator at t he freezing poin t of pure platinum be 
used as a standard of light. Subsequent ly such a standa rd 
was a dopted in tern ationa lly , effective J anua ry 1, 1948. 
From 1957 to t he present t ime investigations of factors 
a ffecting t he reprod ucibili ty of t he standard have been 
co ndu cted at the National Burcau of Standards. The 
previous wo rk was extended to include crucibles a nd sigh t 
t ubes of different dimensions a nd imme rsed to various de pt hs, 
and the use of various freezin g patterns. The a pplication of 
corrections for t he necessary v iowing apert ure, for t he 
temperature drop in t he walls o f t he sigh t t u be, a nd for t he 
unimmersed por t ion of t he sigh t t ube, ena ble us to evaluate 
t he ideal blackbody radiator fro m observed values obtained 
with practical r adiators. Appropriate modification of t he 
freezin g pattern y ields improved p recisio n. It is found t hat 
t he standa rd is reproducible to well with in 0.1 percent. 

79 

It is planned to present a co mplete discussion a nd results in 
t he J omn al o f R esearch of t ile NBS. 

Polymer degradation (by h eat, oxidation and radiation) , in 
un solved proble ms in l)olymer scie nce, L. A. Wa ll , AS D 
'T ech. Repo1't 62- 283, pp. 32- 36 (Mur. 1.962) . 
The Co mmittee of M acromolecu la. r CIlC'mistrv of t he N'ational 
Academy of tic i e n ces-~at i o n al llesel1rc'h CO lln cil has 
requested this Sur vey of t he Problems in Poly mer Degrada
t ion . 

Infrasonic pressure waves associated with magn etic s tor ms, 
P. Chrzanowski , J . M. Young, G. Greene, a nd K . T. Lemmon , 
J . P hys. Soc. J apan 17, S n ppl . A - II , 9- 13 (1962). 
P ressure waves with p red omina nt periods between 20 and 80 
seconds a nd amplitudes up to 8 dyne/c m 2 h ave bee n reco rded 
with a q?adrilateral microphone a lTay neal' Washington, D .C., 
dunng Intervals of high magnetic activity. These waves 
have a t race velocity along t he earth's surface high er than th e 
local speed of sound a nd show diurnal-direction al properties 
co nsisten t with a som ce on t he night side of t he earth . A 
high degree of association wit h la l'ge values of t he pla netary 
m agnetic index K p hs bee n established . 

Characterization of te xtile yarns for use under ballist ic im
pact conditions, J . C. Smit h, P roc. Symp. Pel'sonnel Annour 
U.S. Ncwal R esew'ch Lubol'atol'Y f , 1- 21 (Oct. 4- 5, 1961) . ' 
This papcr s hows how text ile mater ia ls for personllel a r mo r 
can be selected using cri te ri a derived fro m theo ri es on t rans
verse impact of long textile yarns. T hese theor ies in t roduce 
the co ncepts o f longitu dina l a nd t nL nsve l'se cri t ical ve locit ies 
de fined as veloci ties just su fTi cie nt to cause i m mediate I'll p
Lure in a yarn sLruck transverse ly or impacted in Lonsion. 
An exLe nsion of t he theo l'y s hows that t he lo ngit udinal and 
t ra nsverHe critical ve locit ic. of a Lext il e yam de pe nd upon 
tile shape o f its sl ress-s train curve, and a re g reatc~t 11'11011 Lh e 
curve is lineal' . An expressio n is derived for t he initial rate 
at which. a yarn abso rbs energy from a project ile impacting 
It transversely. Arguments based on t his ex pression suggest 
Lhat a yarn 1T1OSt sui tab le for usc in perso nnel a rmor s hould 
have .a hi gh transverse cri t ical velocity and a high b rr,tkin g 
te nac i ty. 
C rit ical velocity estimates arc calculated for some textile 
yal'll s usin g st ress-stmin cln.ta obtained at impact s peed s 
near "~ 5 m/sec. The longitud in a l cri t ical veloc i t i e~ range i ll 
value from IG5 m/sec for acetate yarn to a pproximately 300 
In /sec for so me v in a l, rayon t iro cO I'd, ac ry lic a nd nylon yar ll s. 
Tnwsverse criti c" l velocities for Lhe'e mate ri als a re two to 
three times h igher. 

E n'ect of gamma radiation on che mical s tructure 0(' plastics 
V. J . JCrasnansky, M. ::>. Pa rker, a nd B . G. AchluLIllmCl'; 
S PE 'bans. 1, 133- 138 (July 1961). 
Twelve plastics r ep rese nting vario us che mi cal sLrLl ctLll'eS 
were studied as part of a program to dete rmin e t he utili ty 
of plastics as packaging materials in t he hig h ene rgy rad ia
t ion preservat io n of food. The plastics were exposed to se
lected dosages of Cobal t-60 gamma radiat io n, in vacuu m 
and in a il' . Gas e volu tion and changes in inf ra red s pectra as 
a resul t of irradiation were llsed to hypo t hesille the relati ve 
stabili ty of these plastics to irradiation . On t he basis of these 
cri teria i t was found t hat plastics con taining conjugated rill O' 
systems, ionic linkages, a nd chlor ine in side g roup3 were th~ 
most stable . 

Thermal degradation of polymers at te mp eratures up to 
1200° C, S. L . Madorsky, Soc. Chem. I nd. Mono . No. 13, 60- 74 
(1 961 ) . 
A st ud y was made of t he t herm al degradation of poly mers in 
a vacuum a nd in so me cases in helium at atmosphe ric preSSUl'e, 
usin g 10 to 50 mg samples. P oly methy le ne, a noncrossli nked 
poly mer, when Iloated for about ha lf an hour in a vacu um o r 
ill helium at 500 0 C, vapori zes wit hoLlt leav ing a residue. 
Thc volat ile products co nsist of a series of saturated a nd un
satlll'ated hydrocarbon ' of vari olls molecula r weig hts. At 
800 0 C an d higher , py ro lys is gives simil.a r res ul ts; however, 
the proclucts a.re more fragmented , a nd t he highe r t he te mpera
ture a nd pressure t he greil.ter is t his fmg me ntation. P oly
t rivin y lbenze ne, whic ll is a highl y crosslinked poly me r, and 
poly(vin ylide ne fluo ride), which js o ne t hat develo p3 crosS -



linkin gs during p yrolysis, both yield on heating in a vacuum 
at any pyrolysis t emperature various volatile fragments and 
a m ore or less carbonized residue . H ere too, as in the case of 
poly methylene, a higher temperature produces great er frag
mentation of t he volatile products . The more v olatile prod
ucts were analy zed by mass spectrometry, and the less volatile 
products were t est ed for their average molecular weight by a 
microcryoscopic method. Elemental analysis of r esidues were 
made by a microchemical method. 

Charge-storage techniques for pulse-height analysis, L. 
Costrell a nd R . E . Brueckman, Nuclear Electronics (Intern. 
A tomic Energy A gency) II, 29-39 (1 962). 
The low duty cycles of many pulsed accelerators make neces
sary high pulse rates wit hin t h e bursts in order t o accumulate 
adequa te data in a reasonable t ime. N ot only do economic 
factors , as influenced by expensive machine t ime, dictate the 
use high pulse rates, bu t purely t echnical considerations 
of ten make experiments unfeasible unless the pulses per 
burst a re so n umerous as to exclude t he use of convention al 
pulse-height a nalyzers . F or t hese r easons much effort has 
been devoted to development of high speed pulse-height 
a nalyzers for use wi th pulsed accelerators . Much of this 
wor k has been directed toward producing what we term a 
"charge-storage analyzer" based on work conducted at the 
National Bureau of Standards. vVe have developed a charge
s torage a nalyzer that is in opera t ion with t he N BS 180 Mev 
synchro tron on a nuclear a bsorption experiment for which 
the obstacles would ot herwise be formidable. The a nalyzer 
uses temporary electrostatic storage for t he accumula tion of 
pulse-heigh t data during the machine bUl'sts. During t he 
dead inter vals be tween bursts t he contents of the te mporary 
storage are a nalyzed and t ra nsferred into a convential mag
netic core memory. The use of t hi s t echnique for nano
second pulses is discussed and data is presented to show its 
feasibility. 

G lass Dewars for optical and other studi es at low tempera
tures, L. J . Sch oen and H . P. Broida, R ev. S ci . I nstr. 33, N o. 
4, 470-473 (A pr. 1962) . 
A small, rugged glass Dewar using a liquid nitrogen cooled 
metal shield is described . This D ewar is relatively inexpen
sive to construct and to modify , stores helium wi th only a 
moderate loss rate, and can be adap ted for a wide variety of 
low temperature experiments . T wo other D ewars, in which 
vapor-cooled radiation shields replace liquid ni t rogen cooled 
shields, also are described . H elium loss rates show t ha t a 
li ter of liquid helium will k eep t hese D ewars at 4°K for 
a bout 5 to 10 hr. 

Distillation analysis, R. T . Lesli e and E. C. Kuehner, Anal. 
Chem. Suppl. 3(, N o.5, 50R- 56R (Apr. 1962.). 
The world li terature concerning la boratory distill ation and 
related subjects t ha t appeared in 1958- 1959 is summarized. 
The S1ll'\-ey covers t he construction and testing of laboratory 
stills for use at a t mospheric and low-pressure, and for micro
distillation . Applications t o special problems, bot h organi c 
a nd inorgani c, are discussed briefly, and t heoretical and 
mathematical p apers concerning column d esign and operation 
a re m ent ioned. Studies of t he vapor-liquid equilibria of 
azeotropic and n onazeo tropi c systems are summarized. 

Displacement a nd strain-energy di stribution in a longitudi
nally vibrating cylindrical rod with a viscoelastic coating, 
P . H er tenlendy, J . A ppl. M echo 29, Beries E, 47- 52 (Mar. 
1962) . 
A n umerical solution b y R . M . Davies of the Pochhammer 
frequency equation is used t o determine the displacement 
and stra in-energy distribut ion across the cross section of an 
infini te elastic circula r cylindrical rod for a number of wave 
lengths of t he first , second, and t hird modes of symmetrical 
longitudinal wa ve propagation . With t hese results t he effect 
of a thin unifor m layer of viscoelasti c materia l is investigated. 
The four viscoelastic parameters of the coating are reduced 
t o one in t he definition and computation of upper and lower 
bounds of t he loss factor , and the application of results t o 
experimental work is discussed . 

Catalytic e ffects of thermocouple material s, L. O. Olsen, SAE 
J . Paper N o. 524G, 70, No . 5, 94 (May 1962) . 
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It has long been r ecognized that under some conditions cer
tain noble metal thermocouples produce erroneous indications 
when immersed in gas strea ms containing oxygen and com
bustible gases. These errors have been shown to be ca used 
by catalys is of t he gaseous mixture on t he surfaces of the 
t hermocouple elements . The object of this investigation was 
t o determin e t he magnitude of the catalytic effects of all of 
the commonly used thermocouple materials in lean mixtures 
of hydrogen , carbon monoxide, propane, a nd methan e in a ir . 
The effects of catalysis were determined under three different 
experimental methods. 

Wires of platinum, p alladium, iridium, platinum plus 15 % 
iridium, and t he t wo elements of the Platin el t hermocouple 
were fo und to catalyze the combustion of mixtures of hydro
gen, carbon monoxide, and propane in air. Combust ion of 
methan e-a ir mixtures was not init iated by t hese materials 
at t empera tures up t o 1800°F . Experiments wit h gold, 
s ilver , Chro mel, Alumel, and constantan wires showed no 
catalysis of any mixture at t emperatures of t he wires up to 
1800°F . Base-metal thermocouples are therefore r ecom
mended for accurate d et erminations of t emperatures of gase
ous mixtures conta ining combust ible materials. 

Characteris tics of some air-turbine handpieces, D. F. Taylor, 
R . 1\.. P erkins, and J . 'vV. Kumpula, J . A m . Dental Assoc. 6(, 
N o.6, 794-805 (J une 1962) . 
A method and equipment were developed for t he s imulta neous 
measurement of t he speed a nd torque of dental a ir turbin e 
handpieces. The power output characteristics of several 
models of h andpieces werc studied under a vari ety of condi
tions. The effect of ail' pressure upon speed and torque, and 
some effects of instrument size and balance upon speed were 
investigated . Increased air press ure was found t o increase 
bot h t h e maximum speed and maximum t orque a t t ained but 
to be more effective in increasin g t orque. ' Vithin elinical 
limi ts , the size of t he ins trument was found to have negligible 
effect upon power out put in comparison t o t he effect of dy
na mic balan ce . 

Tensile shear str ength of adhesive bonded metals as a func
tion of the rate of loading, D . A. George, H . R. Butzlaff , and 
J . Mandel, S ymp. on Adhesion and A dhesives, A m. Soc. Test
ing Materials Spec. T ech. P ubl. No . 271, 47-53 (1 961). 
A round-robin t est program was devised b y ASTM Commi t
tee D- 14 on Adhesives t o study the effect s of t he rate of loa d
ing on t he ult imate tensile shear strengt h of metal-to-metal 
adhesive-bonded lap-shear specimens. Two met a ls, three a d
hesives, t wo overlap lengt hs and fonr rates of loa ding were 
s tudi ed . The t ensile shear specimens t ested at rates of s tress
ing from 600- 2000 ps i per min ute showed very li t tle change 
in stren gth due t o t he r a te of stressing. For a given rate of 
stressing the ra t e of s tra in which was obser ved b y changes in 
cross head speed increased as the modulus of elasticity of a d
hesives decreased . I t is not possible, t herefore, t o express one 
r ate of stressing as b eing equivalent to a particular rate of 
strain for a dhesives t h at have different moduli of elasticity. 

Vacuum system for use with a microbalance, G. F . Rou se, 
Book, Vacuum Microbalance Techniques, ed. R. F . Walker, 
2, 59- 69 (P lenum Press, Inc., N ew York, N .Y ., 1962) . 
A vacuum syst em constructed for use wit h a fused-sili ca 
t orsion microbalance is described. Recen t developments in 
high va cuum apparatus and technique a re incorporated into 
its design . The system can be outgassed at 425 ° C a nd can 
be used in connection wit h experiments whi ch must be carried 
out at eleva ted te mperatures. Its use makes it possible to 
perform an experiment under very clean conditions and a t 
pressures less than 10- 8 mm H g. 

Creep of pure-gum rubber vulcanizates from indentation
time measurements, L. A. Wood and F . L. Roth, R ubber 
Tech. Conf. (London, England, 1962). 
The compliance J (limit of the ratio of strain t o stress at zero 
deformation) has been determined from meas urements of t he 
indentation of a flat rubber surface by a rigid sphere, as a 
function of t ime t and t empera t ure 1'. The r es ults are 
subj ected to two successive operations : (1) J is mult iplied 
by the absolute t emperature T and (2) an empirically-deter
mined quantity is added to t he logari thm of t he tim e a t ea ch 



tempera ture t o make t he values of JT agree as well as pos
sible. F or nat ura l rubber from 25 0 t o - 40 0 0 of t h e shift 
required appears to correspond to a constant " activation 
energy" of 38 kcal/mole; f ro m - 40 0 to - 60 0 0 the shift is 
in qui te good agree men t wi th t hat predicted by t he equation 
of \Villia ms, La ndcl, a nd Ferry. Butyl rubber yields an 

I aetivat ion energy of 20 !ccal/ mole, while styrenebut adiene 
rubber gives a value of 22 kcal/ mole. The r esulting cur ve of 
JT against log t shows a s igmoid form with an increase of 
slope ove r 2- 3 decades a nd a decrease a t higher va lues . 
There is usually a n extended region of nearly const ant slope 
cor re pondi ng t o t he conditions of normal use of rubber 
products. F or natural rubber this slope is 1- 2 % per decade; 
for t he sy nt hetics it is appreciably higher, reaching a value of 
15% per decade for ni t rile r ubber. 

The id eal Lovibond color system, D. B. Judd, G. J. Ohamber
lin, a nd G. W. Haupt , J . Opt. Soc. A m. 52, No. 7, 813-819 
(July 1962) . 
Lovibond red, yellow, and blue glasses, widely used as color 
s tandards in industry, are assigned numerals in accord wIth 
the bas ic plan of m arking each glass wit h the number of unit 
glasses of th e same type thr ough which light must be passed 
to produce its color. It is possible to compu te from the 
spectra l transmit t ances of the unit glasses definin g t he 
Lovibond scales the OlE sp ecifica tion of t he color produced 
by all combina tions of a ny number of unit glasses. Such 

I specificat ions were computed in 1939 no t only for a ll ideal 
red, yellow, a nd blue Lo vibond glasses illuminated by Ol E 
sources B (represent ing noon sunlight) or 0 (represen ting 
average daylight) but a lso for t wo-par t (red-yellow, yellow
blue, or blue-red) combinations t hereof. The present pap er 
gives the r esul ts of such co mputations for Ol E source A 
(representing gas-filled ineandescent lamps). Although act ual 
Lovibond glasses must unavoida bly depart somewhat from 
this definition of the ideal Lovibond system, t he computed 
color specifications serve to indica te with good relia bili ty no t 
only t he Ol E specificat ion of t he color produced by single 
glasses and t wo-part combinations, but also t he choice of 
Lovibond glasses r equired t o produce a color of any desired 
chromaticity within the ga mu t of th e system. 

Single-trace sweep adapter for transistor-curve tracers, L . J . 
Swartzendruber, R ev. Sci. Instr. 33, No.5, 060-562 (Aug. 
1961). 
A simple relay circuit, adap table to curve t racers, t hat pro
vides a single-trace sweep is described . The adapter a llows 
the low-frequency current-vol tage characteristics of ma ny 
devices t o be observed at high currents wit hout large hea ting 
effects . 

Proton magnetic r esonance in clay minerals, R . L . Bla ine, 
Highway Research Board B ull. N o. 287, 44- 55 (J une 1962) . 
Energy absorpt ion line wid ths at t he proton resonan ce fre
quency associated with free water (H o) were determined for 
a number of clays and relat ed materials at room t empera ture. 
The line widths were calculated from the horizontal dist ance 
between the peaks of the m aximum and the minimum of the 
derivative absorption curves obtained with a 1720-gauss 
proton-mag netic-resonance apparatus. Line widths in the 
order of decreasing proton mobilit y were found to be approx
imately t hree gauss for pyrophylites, six gauss for kaolins and 
halloysites, nine gauss for a sepiolite, and eleven to twelve 
gauss for a bayerite and a bauxite. Illites and montmorillo
nites gave only narrow line widths (0.3 to 0.7 gauss) in the 
semi-dry state, but exhibited some less mobile hydrogen 
(line width of 2- 3 gauss) aft er drying at 2000 O. Except for 
bayerite, bauxite, and sepiolite, the clays did not exhibit the 
wide lines normally associated with either hydroxide groups 
or wat er of crystallization or as de termined for brucite and 
gibbsite. A sample of montmorillonite frozen with liquid 
nitrogen and slowly thawed in t he apparatus indicated t hat 
greatly increased proton mobili ty began at abou t -700 O. 

Ultra-high vacuum ultraviolet monochromator, L. Marton, J. 
A. Simpson, J . A. Suddeth, and L . B . Leder , 1961 Tran s. 
8th Natl. Vacuum S ymp. , 2d Intem. Congress, Ed. L. E. 
Prauss, P. 633-639 (Pergamon Press, Inc. , N ew York, N. Y ., 
1962) . 
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A I-mete r, normal in cidence vacuu m ultraviolet monochro
ma tor havin g a sample chamber pressure of approximately 1 
x 10- 9 mm H g is desc ribed . The ent ra nce and ex it sli ts are 
on t. he R.owl and circle while Lhe ce nter floats. Wavelength 
is scanned by mov ing Lhe grating a long Lhe ci rcle. All mov
ing pa,rts a rc exLern a l Lo t he vac uum. cha mber. The high 
vacuum condi t ions a rc obtain ed by se vCf'a l stages of differen
t ia l pumping from t ile lamp hOll s in g Lo Lhe salllple cha mber. 
The entire monoc lU'om ato l' is of s Lainle~~ sLee l wit h welded 
joints . Interes t ing vacllum feaLul·(' ~ a re Lhe na nge design, 
liquid ni t rogen traps a nd r ota ry sea. 

Constitution diagram for l6% Cr-2% Ni stainl ess steel, O. R. 
Johnson and S. J. Rosenberg, Trans. Quart. A m. Soc. ~jjf etals 
55, No.2, 277-286 (J une 1962) . 
A constitut ional diagram was constru cted fo r t he 16 % Or- 2 % 
Ni stainless st eels containing up to 1.23 perce nt carbo n, from 
dat a obtained by m etallographic examina Lions, t he rma l 
analysis, d ilatometry, X-ray diffrac tion , micro hard ness 
measurements, a nd electron microscopy. 

Effect of surface roughness on the oxidation rate of iron, 
A. G. E ubanks, D . G . Moore, and W. A. P enningto n, J . 
E lectrochem. Soc. 109, No.5, 382- 389 (Ma y 1962) . 
An in vestiga tion was m ade of the effect of surface roughn ess 
on t he oxida tion rate of iron i n a ir at 800 0 O. Specimens of 
ingo t iron were gri t blasted to give surfaces of different 
text ures . The roughened specimens were found t o ox idi ze 
more slowly tha n smoot h ones, Lhe difference in rate beco min g 
greater wi th in creasin g roughness. The s mooth specim ens 
ox idi zed pa ra bolically wi t h a ccr tain rate cons t.a n t at t he 
beginning; however , with co ntinued oxida tion, roughness 
developed on t he metal surface an d a cha nge in t he r a te 
constant occ urred. Specimens of hi gh-puri ty iron with 
s mooth surfaces, 0 11 t he other ha nd, not only r ema ined 
s mooth t hroughout a t hree-hour ox idation period, bu t they 
a lso oxid ized p arabol ically wi th a single rate cons tan t. 

81 

It was found t hat t he reduction in rate du e Lo rou ghen ing was 
n ot ca used by surface co ntamina ti on, or by surface cold work, 
but by voids t hat form in t hc scale layers on roughened 
s urfaces. These voids apparently act as diffusion ba rriers 
for iron ions a nd, t hereby, lower t he rate at whi ch roughened 
specimens oxidize. 

On the th eory of diffraction grating interferometers, H . 
Me ndlowitz a nd J . A. Simpson, J . Opt. S oc. Il m. 52, N o.5, 
520- 524 (M ay 1962). 
One-dimensional diffraction-gratin g t heory is developed in 
vector notation. F irst-order expressions are deri ved for t he 
effects of t he rotation of t he g rating a bout a n arbi tra ry axis 
upon t h e diffracted beam . These r es ults are applied t o t he 
three-grat ing interferometer whose characteristics a re given in 
some detail. Generalizatio n to moir6 patt erns or to a ny 
number of gratings wit h arbit rary separations is indicated. 

Effect of oleophobic films on fatigue crack propagation, 
W. L. Holshouser and H. P . Utech, Am. S oc. T esting Materials 
P roc. 61, 749 (1961 ) . 
Sharply notched rotating beam specimens ·were used t o 
evaluate the effect of oleophobic films formed by dodecyl 
a lcohol on the rate of fa tigue crack propagation in 4340 steel, 
17- 7 PH stainless steel, 6061- T6 aluminum alloy, and a 
copper--1.75 % beryllium alloy. The number of cycles 
r equired to propagate the crack was increased by t h e presence 
of the organic compound by factors ranging from 1.4 t o 5 .0. 
This effect is attributed to the abIlit y of compounds of t his 
type to form films that protect the metal from oxygen and 
water vapor in the atmosphere. 

Strange sounds in the a tmospher e, Part II, R. K . Oook and 
J. M . Young, Sound- Its Uses and Control 1, N o. 3, 25-33 
(Ma y-J une 1962). 
This is t he second i nstallment of the popular-scientific 
account whose first insta llment was prepared about two 
months ago . We deseribe infrasonic wa ves associated with 
microbaroms, ear thqu a kes, magnetic s torms, and tornados. 
Materia l for the second article is drawn from the open t echni
cal li terat ure, includi ng scientific papers in H elvetica Physica 
Acta , Archiv fur Metel'ologie U SIY ., Nature, etc. 



Time resolved electron optical image of a pulsed atomic beam 
in flight , L. Marton, S. R. Mielczarek, and D. C. Schubert, 
I. A.ppl. Phys . 33, No . 4, 1613-1614 (A pr. 1962.) 
The electron optical schlieren method for study of gas behavior 
at vcry low press ures has been applied in stroboscopic fashion 
to produce photographs of chopped atomic beam pulses in 
flight. A photograp h is shown of a cadmium atomic bcam 
pulse moving at approximately 300 meters/sec. with maximu m 
atomic density correspondin g to abo ut 2.10- 6 mm Hg 
equilibrium press ure. The potential usefulness of this 
technique for study of acco mmodation coefficients on aero
dynamic surfaces is described briefly. 

Second breakdown in transis tors , H. A. Schafft and J . C. 
French, IRE Trans. Electron Devices ED-9, No.2, 129-136 
(I uly 1962). 
"Second breakdown" in t ransistors has been characterized as 
an abrupt reduction in V CE, at a collector current designated 
by 1M , when the t ransistor is swept through its V CE VS I c 
characteristics. A critical rev iew of t he literature concerning 
this phenomeno n and a more complete description of its 
characteristics are given. It appears that "second break
down" is a more fundam e ntal property of the transistor than 
has previously been t hought. Each of the mechani sms t hus 
far considered in the li terature, in particular the "pinch-in" 
effect and p-n-p-n action, has been examined and found in
adequate. The apparent dependence of the initiation of t he 
phenomenon on the quantity of energy absorbed, and on the 
ambient temperatur e, indicates that it may be related to 
so me thermal mechanism. Thi s points to t he importance of 
examining "second breakdown" in terms of energy dissipated 
rather than in terms of voltage or current as has been don e 
to date. 

Preservation of edge detail in metallography, VIT. P. I-Iayes, 
Jr. , N. Tighe, and H. B. Kirkpatrick, Metal Progress 81, No. 
S, 112 (Mar. 1962). 
Extremely fragile surface layers have been retained on metal
lographic sections as the result of the described modifi ed 
version of a well known technique. 

Microsize magnetic field probes with axial symmetry, C. A. 
Shiffman, Rev. Sci. Instr. 33, No.2, 206-207 (Feb. 1962) . 
Magnetic field probes occupying less t han 10- 8 cc and having 
axially symmetric response have been developed for usc at 
liquid nitrogen temperatures and below. T he probes a re 
made by drawing a microscopic boule of bismuth from the 
melt, using a wire which ultimately serves as a pair of leads 
at one end. A second wire is fused to the other end by oh mi c 
heating. 

Optical studies at high pressures using diamond anvils, C. E. 
Weir, A. Van Valkenburg, and E. Lippincott, Book, Modern 
Very High Pressures Techniques, ed. R. H. W entorf, I r ., p. 
51- 69 (Butterworth & Co., London, England, 1962.) 
A pressure cell capable of maintaining pressures up to 160,000 
atmospheres has been constru cted using a pair of type II 
diamonds for studies in the infrared, visible and ultraviolet 
spectrum. T emperature variations from 175 0 to - 30 0 C 
can be obtained with the cell. Major effects observed in 
the infrared spectrum of substances under pressure include 
shifts in absorption bands to both higher and lower frequen
cies, occurrence of new band as well as elimination of existing 
bands, the splitting of bands and changes in apparent band 
intensities. Examples of these effects using the infrared 
spectra of sodium nitrite, calcite, succinic acid, ice and fer
rocene are given. 

Stress-strain relationships in yarns subjected to rapid impact 
loading. 9. Efrect of yarn structure, J. C. Smith, J . M. 
Blandford, P. J. Shouse, and K. M. Towne, Textile Res. J. 
32, 472-480 (June 1962). 
Samples of high-tenacity deacetylated cellulose acetate yarn 
were braided or plied and twisted by various amounts. 
Stress-strain data were obtained on these yarns at conven
tional rates of straining and under conditions involving trans
verse and longitudinal impact at velocities of about 40 m /sec. 
Strain wave propagation velocities were also measured. The 
effects of twisting and braiding were the same at high rates 
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of straining and at convent ional rates of straining. The addi
tion of twist or braid caused t he following effects. The ini
tial slope of t he stress-strain curve and the strain wave prop 'L
gation velocity decreased. The bend in t he curve at the y ield 
stress became less sha rp so that t he stress-stra in curve became 
more linear. The breaking tenacity decreased and the break
ing elongation in creased. The work required to break unit 
mass of yarn material remained unchanged. The calculated 
value of the longitudinal cri t ical velocity at which a specimen 
breaks immediately upon impact in tension remained un
changed. Calcu lated transverse cr it ical velocit ies tended to 
decrease as the yarn was twisted or braided. 

Stress corrosion of high strength case aluminum alloys, F. M. 
Reinhart and W. F. Gerhold, Corrosion 18, No.4, 158 (Apr . 
1962). 
The unsatisfactory performance in marine environments of 
high strength sand cast 220-1'4 aluminum alloy in vital load 
carrying applications a nd t he paucity of published information 
on the heat t reatment and resistance to stress corrosion crack
ing of t he alloy prompted this investigation . The purpose 
was twofold : to determine whether variations in the heat 
t reatment of 220 alloy wo uld improve its resistance to stress 
co rrosion cracking; and to compare t he stress corrosion res ist
ance of other high strength cast alloys with t hat of t he 220T-4 
a lloy. Specimens of t he alloys were stressed at 75 percent of 
t heir yield strengths while being in termitten t ly immersed 
in a sodium chloride-h ydrogen peroxide solu t ion. The period 
of exposure was usually 60 days unless earlier fa ilure occurred. 
Variations of magnesium contents between 9.1 and 12.7 per
cent did not affect t he low resistance of a lloy 220-T4 to stress 
corrosion crackin g. Slow quenching from t he solution heat 
t reating temperature slightly improved t he r esistance of 
alloy 220- 1'4 to stress corrosion cracking. A sensitizing treat
ment or prolonged natural aging rendered the alloy more 
susceptible to stress corrosion cracking. The resistance to 
stress corrosion cracking of alloys A356- T61 and 357- 1'6 
was rather uniform and was considerably better than t hat of 
220-1'4 alloy. The resistance to stress corrosion cracking of 
t he other alloys in vestigated was poor. 

Phase-modulated calibrator for testing phase meters, M. C. 
Thompson, J r., R ev. Sci. Instr. 33, 563-564 (May 1962) . 
A device is described whi ch may be used to measure t he fre
quency response characteristics of phase meters, both elec
tronic and electro-mechanical. 

A procedure for estimating eigenvalues, N. W. Bazley and 
D. Fox, I. Math. Phys. 3, 469-471 (May-June 1962). 
A new procedure is given for calculation of lower bounds to 
the eigenvalues of self-adjoint operators. Calculation of t he 
lower bounds is redu ced to the solntion of linear algebraic 
problems. 

Physical standards of emittance and reflectance, J . C. 
Richmond (Proc. Conj. Radiative Transfer from Solid N! ateri
als, Boston, Mass., Dec. 12-13, 1960), Book, Radiative T ransfer 
fl·om Solid Materials , ed. H. H. Blau, I r., and H. Fischer, 
Sec. III, pp. 142-153 (The Macmillan Co., New York, N.Y. , 
1962) . 
The work being done at the National Bureau of Standards on 
the development of specimens stable in emittance is briefly 
described. The fundamental laws of radiation involved in 
the measurement of emittance are reviewed and a limited 
glossary of terms is given. 

The r eflectance standards issued by the National Bureau of 
Standards are also briefly described. 

A combined analog-digital differential analyzer (CADDA), 
W. D. Urban, W. R. Hahn, Jr., and H. K. Skramstad, Proc. 
Combined Analog Digital Computer Systems Symp., Phila., 
Pa., Dec. 1960, 2d item (1960). 
In a paper presented at the 1959 EJCC, one of the authors 
described a concept of using both analog and digital techniques 
to produce a differential analyzer which combines the analog 
advantages of high speed and continuous representation of 
variables with t he digital capability of high precision and 
large dynamic range. This paper deals with a study of the 
problems in t he design, construction, and use of integrators 



and multipliers employing this concept. The mathematical 
basis for the design is reviewed, and the construction and 
operation of the equipment is described. 

Some properties of dirty contacts on semi-conductors and 
resistivity measurements b y a two terminal method, G. G. 
Harman and T . I-Iigier, J. Appl. Phys. 33, 2198 (July 1962). 
The surface and bulk properties of semiconductors have been 
studied by a two-terminal method using dirty contacts. 
These contacts are defined as ones that are easily applied and 
removed and that a re separated from the bulk by surface 
states, oxides, adhered gasses and chemical films. The 
method essentially involves measuring the resistance-voltage 
characteristics from the millivolt range up to about 100 v. In 
the process it is possible to separate the bulk from the surface 
effects, calculate the surface barrier height and thickness 
from tunneling equations, and determine whether the barrier 
is a surface film or due to metal-semicondu ctor contact 
potential difference. In addition the resistivity can be 
measured for difficult materials such as SiC and GaAs. The 
effect of work-damaging or etching the semiconductor surface 
can be readily evaluated. Various possible electrode systems 
a re discussed. Efforts were concentrated on silicon carbide 
and silicon, but the techniques are applicable to all types of 
se miconductors. 

A property of linear frequency modulation, A. J . Goldma n, 
Proc. IRE 50, No. 7, 1711 (J uly 1962). 
(A fact useful in connection with chirp radars is that a linear 
FM signal of arbitrary envelope, when passed through a 
suitable network with linear delay characteristic, suffers a 
reversal of the linear FM and a Fourier t ransformation of the 
functional form of the e llVelope. It is shown here that no 
<lther FM signal and delay network are related in this way, i.e., 
in respect to Fourier transformation of the arbit rary envelopc, 
reversal of a summand of the input phase, and reproduction 
<If the complementary summand.) 

The thermal properties of powder insulators in the tempera
ture range 300 °-4 OK, D . Cline and R. II. Kropschot, (Proc. 
Con/. Radiative Transfer frQm Solid Materials, Boston, iVJass., 
Dec. 12-13, 1960), Book, Radiative Transfer from Solid 
j\{aterials, ed. H. H . Blau, J T., and H . Fischer, Sec. I , pp. 61-81 
(The Macmillan Co., New York, N.Y., 1962). 
The t ra nsport of heat through dielectric powders and dielec
t ric-metallic powder mixtures is investigated t heoretically and 
experimentally for temperatures below 300 ° K. The most 
general formu lation of t he problem results in a non-lin ear 
integro-dillerentia l equatio n t hat is not solvable in closed form ; 
however , a much simpler formu lation is made for evac uated 
powders that allows certain qualitative conclusions. An 
attempt is made to separate out the radiative and solid heat 
conduction. Experimental procedures and res u]l.~ are 
reviewed. 

Reference tables for 40% iridium-60% rhodium versus 
iridium thermocouples, G. F . Blackburn and F. R . Caldwell, 
Book, Temperature, Its lJIJ easurement and Control in Science 
and Industry 3, P t. 2, 161-175 (R einhold Publ. Corp., New 
York, N. Y. , 1962) . 
In a progra m to establish reference tables for se veral alloys of 
iridium and rhodium against iridium, the work has been 
completed on 40% iridium-60 % rhodium. Tables have been 
prepared giving emfs for temperatures in degrees Fahrenheit 
from 32° F to 3800 ° F and in degrees CelslUs (cent igrade) 
from 0 ° C to 2100 ° C, and temperatures in these units with 
e mf m millivolts as the argllluent. They are based on the 
average emfs measured on eight thermocouples, made from 
t hree lots of wire obtained in 1955, 1958, and 1960. 
Meas ure ments at temperatures 32 ° F to 2500 ° F were ma de 
in a platinum-wound furnace of conventional des ign, us in g a 
Pt-lO % Rh vs Pt thermocouple to meas ure temperature. 
From 1950° F to 3800 ° F (thus overlapp ing the upper end of 
the lower range), the fmnace used was a n iridium block heated 
by electric induction . Blackbody conditions prevailed in the 
cavity in which t h e test thermoco uple was inser ted, and 
enabled meas urement of the temperature with an optical 
pyrometer 
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The cement reference laboratory (1929-1959), J . R. Dise, 
A m . Soc. 'l'esting M atel'ials Proc. 59, 369 (1959). 
Recent changes in the scope of its operat ions have stimulated 
numerous inquiries a bout the fun ctions of the Cement 
Reference Laboratory. Therefore, as a record which may 
be of special interest to those engaged in t he testing of cements 
and concretes, and of general interes t to t hose engage d in the 
testing of other material, a report has been prepared which 
covers t he origin, purpose, a nd development of each of the 
present responsibilities of the R eference Laboratory. 

International coordination of measurement, A. G. McNish, 
Sci. Math. Weekly 2, No.3, 28-29 and 35 (S ept. 1961). 
International coordination of measurement standards permits 
scientists in one country to relate their measurements to those 
made by scientist,s in another country. Such coord ination is 
provided by t he International Bureau of Weights a nd 
Measures and the General Conference on Weights and Meas
ures. In October 1960 the Conference redefined the meter 
in terms of a wavelength of light from krypton 86. Efforts 
are now being made to arrive at an atomic defini tion of the 
second. 

The calibration at the National Bureau of Standards of mass 
standards for ultramicroanalysis , L . B. Macurdy, Book, 
Vacuum jlficrobalance Techniques, ed. R . F. WalkeT, 2, 165-
175 (Plenum Press, I nc., New York, N.Y., 1962). 
Measurements may be made with a prec ision of tenths or 
hundredths of a microgram. Small weights suffer from an 
unfavora ble surface to mass ratio and s hould be checked from 
t im e to time. This may be don e by the regul ar procedmes 
used in weight cali bration , provided a s uita ble selection of 
nominal weigh t values exist in each set . 

Post office mechaniza tion, B . M. Levin, M. C. Stark, a nd 
P. C. Tosini , Elec. Eng. 80, No.2, 105- 110 (Feb. 1961. ) 
The introduction of mechanical equipment into the Pos t 
Office for t he sorting a nd ha ndling of mail makes feasible the 
development of procedures for main taining precise data re
gardin g the status of mail be ing sorted. These arc the data 
needed by a co mputer that would r egulate the flow of mail 
t hrou ghout the sorting process. Such a computer would 
control t.he flow of mail on co nveyor belts, would make de
cisions regardin g the type of so rting done by each so rting 
machine a nd would change these decisions when condi t ions 
warrant. The introduction of such a computer should im
pro ve service and reduce costs. 

Rate of vaporization of refractory s ubsta nces, J . J . Diamond, 
J . Efimellko, R F. H ampson, and R. F. Walk er, (Pr-oc . 4th 
Intern. Symp. Reactivity of Solids), Book, Reactivity of Solids, 
ed. J . H. de Bower, et al., p. 725 (Elsevier P ubl. Co., Amster
dam, '['he Netherlands, 1961). 
The more important factors affecting the rate of vaporization 
of solid systems are summarized. T echniques for meas uring 
the rates of vaporization of refractory substances at tempera
tures in the 1600-3000° C range are briefly described. The 
techniques pertain to measurements both in vacuum and in 
the presence of foreign gases. Some of the factors and the 
exp erimental techniques are illustrated by brief ref erence to 
stu dies of the vaporization of platinum and aluminum oxide. 

A nomograph for selecting light balancing filters for camera 
exposure of color films, C. S. McCamy, Med. Bioi. Illustra
tion, London, England 11, No.1, 13-15 (Jan. 1961). 
A nomograph is given for rapid selection of filters for color 
photography. The nomograph provides for a very Ja rge 
number of combinations of fi lms and light sources in a simple 
form , permits the easy interpolation of new fil ms, li ght sources , 
or filters, indicates which filters would be most nearly satis
factory when an ideal fil ter is not available, indicates the 
general nature of abnormal combinations for special effects, 
and provides a convenient convers ion from color temperature 
to r eciprocal color te mperature. The nomograph is based on 
the assumpt ion that the color balance of color films, the 
chromaticity of the illumination, and the effect of filters can 
be characterized adequately on a scale of r eciprocal color tem
perature and that the change of reciprocal color temperature 
by a given fi lt er is a constant. 



Young' s modulus of single crystal corundum form 77 oK to 
850 oK, J . B. Wacht ma n, Jr ., W. E . T efft, and D. G. Lam, 
Jr., B ook, lYfechanical Pro peTt ies of E n gineeTing Ceramics, p. 
221- 223 (InteTscience P ubl. I nc., New Y OTk, N .Y., 1961). 
An eq uat ion is proposed to represent t he temperature de
pendence of Yo ung's modulus. This equation fi ts data on 
some cor undum s ingle crystals very well. 

A controller for maintaining a constant rate of vaporization 
in fractional distillation, E. C. Kuehner and R . T . Leslie, 
Anal . Chem. 34, N o.9, 11 55- 1156 (Aug. 1962.) 
A cont roller for maintaining a constant rate of vapori zation 
from t he pot of a f ractionatin g column IS described . T o 
show t he performa nce of t he cont roller , a co mpari son is 
ma de of t he constancy in effi ciency of a still durin g co n
t rolled and unco ntrolled test r uns . 

A method for determing mechanical resonance frequencies 
and for calculating elastic moduli from these frequencies, 
S. Spinner a nd vV. E. Teff t, Am. Soc. Testing ]V[ ateTials P 1'oc. 
61,1221- 1238 (1961). 
P ar t I describes t he tcchniques for exciting, detecting, a nd 
measuring t he mecha ni cal resona nce frequencies of specimens. 
These reso na nce frequencies have ma ny useful di agnostic ap
p li cations (for qua li ty con t rol , for instance) even when t he 
elastic moduli are not calculated from t hem. Par t II de
scribes t he methods fo r calculat in g t hc various clast ic moduli 
f ro m t he appropriate reso na nce fr equencies. 

The dynamic compressibility of a rubber-sulfur vulcanizate 
and its relation to free volume, J. E. M cKinney, n. V. 
Bel cher, and R . S. M arvin , T mns. Soc. Rheology 4, 347-362 
(1 .960) . 
The dyn ami c bulk complian ce of natural rubber- 12 sulfur 
was measured fo r varyin g static pressure (0 to 1000 bar), 
temperature (- 30 to + 70° C), and frequen cy (50 to 1000 
cps). The data can be represented by redu ced frequen cy or 
temperature plots, assuming v iscosity is proport ional t o exp 
(1/ ), a fractional free v olume which is a linear fun ction of 
temperature and pressure. The t emperature-frequen cy re
duction fi ts t h e " universal" \VLF constants, and t he tem
p erature-pressure reduction te rm is practically t he same as 
t hat found by Singh and N olle for polyisobu tylene. 

Suggested arrangement of mirrors to form multiple reference 
angles, J. B. Saunders, J . Opt. Soc . Am. 51, No.8, 859-862 
(Aug. 1961) . 
A r eferen ce angle is described t hat form s, b y successive or 
multiple r efl ections, a mult ipli city of equal op tical a ngles hav
ing common vert ices. This angle may be used as a standa rd 
fo r calibrating circular scales eit her wit h an a utocollimator or 
an interferometer . The a ngle can be adjusted in an inter
ferometer to a very high accuracy. If t he faces of t he mir
r ors ar e 6 inches long, an error of 0.1 fringe corresponds to 
an error in t he an gle of 0.02 seco nd of ar c. 

D- C difl'erential current meter, E. Niesen, R ev. Sci. I nstT. 
32, No . 12, 1407-1408 (Dec. 1961). 
A technique is described using a commercial clip-on d-c milli
ammeter to make se ns it ive different ial current measuremen ts. 

High-energy X-ray spectrometer using large anticoincidence 
s odium iodide crystals, J . M . Wycoff , PTOC. T otal A bsorp
tion Gamma-Ray Spectl·ometry Symp., Gatlinbw'g, 'Penn., 
May l a, 1960, p. 201-210 (1960). 
A 9-in.-dia by 6.25-in .-lon g crystal has b een used in a total 
a bsorpt ion spectrometer for X -rays in t he 5- to 100-Mev 
range . The well-collimated X-rays are directed onto t he side 
a nd a long a diameter of t he ma in cryst al. On t he exit side, 
a 6.75 x 3. 63 in . NaI crystal has been set in a nt icoinciden ce 
to detect radiat ions above 0.6 M ev. The co mbination of t he 
la rge crystal a nd t he ant icoin cidence crystal h as improved 
considerably the resolution for high-energy X -rays over t he 
resolu t ions obtained wi t h various combinations of crystals 
t hat were summed to provide a t otal abso rpt ion pulse. The 
fin al test of t he resolu t ion (and detailed response function 
shape) will come from activation curve and (p , 'Y ) data. The 
init ial indications of t he improved resolut ion will be demon
strated by t he comparison of t he shapes of pulse-height dis-

t ributions produ ced b y 90-Mev bremsstrahlung spectra t ra ns
mi tted by a 604-cm water atte nuator. This spectrum has a 
characteristic dip at 22 Mev due to giant resonance nuclear 
absorpt ion whi ch r equired good resolut ion for its detailed 
observation . 

Determination of the dissociation equilibria of water by a 
conductance method, I-I. C. Duecker and W. Haller, J . Ph'!Js. 
Chem. 66, No . 2, 225-229 (Fe b. 1962). 
Electrical condu ctivi ty measurements h ave been made at 
various temperatures on electrophoretically purifi ed water 
wi th varying impurity con ten t. The temperature coeffi cients 
of condu ction a re determin ed at 18 a nd 25° C for each frac
t ion. An expression is derived for t he activation energy of 
conduction of dilu te a queous solut ions as a fun ction of elec
t ri cal condu ctivity. Up on substit ut ion of the calculated 
activation energies of conduction into t his expression , t he 
t heoretical condu ctiv ity of pure water is calculated t o be 
.0373 X 10- 6 ohm- 1 cm- 1 at 18°, a volume 3 % lower t han 
predicted by Kohlrausch sixty years ago. Tho dissociation 
constants for water calculated from t his value, t he equivalent 
conductance of t he ions a nd t he density, however, agree wi t h 
t hose determined from t he E. M.F. of galvanic cells. 

The rapid selector and other NBS document retrieval studies, 
J . L. Pike and T . C. Bagg, Pl·OC. National Jl;[icrofi lm Assoc., 
Annual Jl;[eeting, Was h. D .C., ApT. 25-27, 1962, Xl, 213-227 
(Anna polis, M d., 1962) . 
R apid Selectors are electro-mechanical devices for reproducing 
selected fra mes from reels of coded microfilm. 
A brief history of t he Rapid Selector development and a de
scrip t ion of t he various models is given. 
Several ot her documen t retrieval problems studied at t he 
National Bureau of Standards are described. 

Determination of oxidation rates of air-blown asphalts by 
infrared spectroscopy, J. R. Wrigh t and P . G. Campbell , 
J . A ppl. Chem. 12, 256-266 (J une 1962) . 
Oxidation r ates for eight air-blown asphalts were determined 
by measuring t he ch a nge in infrared absorpt ion at 5.88 mi
crons with t ime of exposure to t he r adi ant energy of a carbon
a rc. While a ll the asphalts oxidi zed at different r ates, t h ose 
from t he same geographical a reas had similar rates; t hose 
from different areas varied considerably . The pattern of 
oxidation was generally t he same for each of t he eigh t as
p halts, i n t hat t here was an induction period followed by a 
steady oxidat ion rate unt il near t he failure point, beyond 
which t ime t he oxidation r ate accelerated un til film failure 
as denoted by asphal t film cracking. An inverse relation
ship was found between t he rate of oxidation and t he acceler
ated weatheri ng durability of each asphalt . 

Thermocouple materials, F . R . Caldwell, Book, T emperature, 
I ts M eaSlll'ement and Control in S cience and I ndustTY 3, Pt. 
2,81- 134 (R einhold P ubl., Corp. New YOTk, N. Y. , 1962) . 
Thermocouple materia ls a re considered t hat a re used primarily 
as im mersion temperature sensors in t he range from 0 ° C up . 
I ncluded are t he convent ional t hermocouples t hat have sur
vived sin ce t he beginnings of t he a rt of t hermoelectric te m
p erature measurement, newer noble metal t hermocouples, a nd 
thermocouples of refr actory metals for use in t he extreme 
range for immersed sensors. Because of t he wide use and in
creasing popula ri ty of ceramic-packed thermocouples in 
metal sheaths, t hey a re included. 
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Limitations of t he t he rmoco uple wires a re given as to r ange, 
stability, environmen t in cluded atmosphere, magni tude of 
thermoelectric emf, and accuracy of co mmercially availa ble 
materials of standard a nd extra quality. In addit ion, proper
t ies of t he sepa rate elements that a re pert inent to t he selec
t ion or use of t hermocouples have been compiled. 
In t he case of t he ceramic-packed t hermocouples t he foll ow
ing properties are presented : temperature range of t he sheath, 
mecha nical propert ies of t he sheath, kinds of packed insula
tion, resistance between t hermocouple wires a nd between 
wires and sheath , minimum bending r adius of t he packed 
stock, gas-t igh t ness of t he packed insulation, a nd types of 
measuring junctions a va ilable, i.e., grounded, ungrounded, 
ba re, t otally enclosed, stagnation mount ing, etc. 



An equation of state for calculating the thermodynamic 
properties of helium at low temperatures, R. D. McCarty and 
R. B. Stewart, Book, Pr-ogress in I nter-national R esea?'ch on 
'l'hel'modynamic and 'l'r-anspor-t P l'oper-ties, pp. 107-117 
(Academic P ress, I nc., New York, N .Y. , 1962) . 
A new equat ion of state fo r heliu m gas with six adj ustable 
constants is prese nted . Th is relat ion is adequate for t he 
representat ion of t he P-V-T data a nd for t he ca lculation of 
t he e nt ropy and enthalpy [or a range of temperatures from 20 
to 300 ° K , with p ressures to 100 atmospheres. A comparison 
of calculated volumes with t he original data indicates an 
average a ri t hmetic dev iat ion of 0.07 percent and maximum 
deviations of 0.5 percent. A comparison of calculated 
press ures wit h ori ginal data indicates about t he same average 
a nd maximum dev iations. A temperature-entropy chart and 
a co mpress ibili ty factor chart have been prepared from valu es 
calculated by t hi s equation of state . Tabular val ues of 
densi ty, enthalpy a nd ent ropy for even values of te mperature 
a nd pressur'e a re also included. 

Thermal expansion of some engineering materials from 2[) 0 
K to 2.93 ° K, V. Arp, J. H. Wilson, L. Winrich, an d P. Sikora, 
Cryogenics 3, 230 (J une 1962) . 
Tables a re given of the thermal expansions of some mate rials 
of engineering interest. The measurements were made in the 
temperature range from 20 ° K to 293 ° K. 

Interlaboratory evaluation of a method for indicated bright
ness of papers containing fluorescent brighte ners, T . W. 
Lashof a nd J . M. Patek, 'l'a ppi 45, No.7, 566 (hdy 1962) . 
A proposed modification of the method devcloped by G I'll m 
and Wight man for measurin g indi cated b right ness of papers 
containing fiuorescent bri ghte ners was in vesligated usi ng t he 
proposed Tappi Reco mmended Practice for In te rlabo ratory 
Evaluation of Test Methods. The rep li cation e rror was 
found to be negli gible compared with oth er sources of varia
bili ty, an d t herefore, from a precision viewpoin t, i t would be 
wasteful to make more t han one meas u re ment on a sample 
unless t hese other sources of vari abili ty arc reduced. The 
usefuln ess of t he proposed m ethod was found to be limi ted by 
the high between-la boratory vari a bili ty a nd t he r elat ively 
high random interact.ion, both of wh ich may have bcen can sed 
by improper lamp calibration . The hig l1 bet ween-la borato ry 
variabili ty may a lso have been du e to improper prepa ration 
and use of t he MgO standards. It is be lieved lha t t hese 
elements, a nd t herefore t h e precision a nd u efuln ess of lhe 
method, may be improved without mu ch diffi cul ty. 

An intermediate s ize automatically controlled hydrogen re
frigeration syste m, D . B. Chelton, D. B . Mann, and H. 'vV. 
Birmingham, S u ppl. B ull. I nst. I ntern dl! Froid, E indhoven, 
Comm. 1, Annexe 1960-61,169- 178 (1969). 
In creasin g in te rest in cryogenic systems opcrat in g in the 
temperature range 21 ° to 30° K h as created a need for a 
simpJe a nd reliable hydrogen refrigeration system. Such a 
refrigeration system, developed for use with a la rge liquid 
h ydrogen bubble chamber, is describcd. The refrigerator 
has a maximu m capacity of 4 kilowatts at te mperatures 
between 21 OK and 30 OK . Control is automatic and is of 
high sensitivity. Refrigeration may be provided at eit her a 
single zone (heat source) or multi zones with temperature con
trol of each zone. 
Efficient operation of t he refrigeration system depends on 
high perfo rma nce heat exchangers. Methods used t o design 
t he heat exchangers a re described . Generali zed design 
charts which make possible t he design of larger capacity sys
tems of t he same general type can be developed . 

Thermal radiation s tandards and measurements of the Radi
ometry Section at the National Bureau of Standards, A. G. 
Maki, (PTOC. Conj. R adiative 'l'mnsfer f?'om Solid lYlateTials , 
Bostol1, Mass., Dec. 12-13, 1960), Book, Radiative TmnsfeT 
from Solid lYlaterials, ed. H . H . B lau, J r., and H . Pischer, Sec. 
f II, p.135-141 (The MacmiUian Co., New YOTk, N. Y., 1962). 
A discussion was gi\"en of two aspects of th e wo rk of t he 
R adiometry Section at t he National Bureau of Stand a rds. 
Two standards of t herm al radiation were d escribed and t he 
meth od of t heir calibration detail ed. The latter half of t his 
paper will in clude a descript ion of so me work currently bein g 
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carri ed on with the aim of obtaining the normal spectral 
emissivity of gold, aluminum, and platinum in the infra red. 

Absolute microwave r e fractometer, M . J . Vetter and lVI. C. 
Thompson, Jr. , R ev. Sci. I nstr. 33, 656- 660 (J une 1962). 
A simple microwave refractometer has been developed using 
a null t echnique which h as considerably reduced drift a nd 
other instabilities introduced by t he electronic components, 
including t he klystron . The long-term stability indicates 
t he justification fo r more funda mental calibration techniques 
which are described . The result is an instrument in which 
cavity stability rather t han electronic stability is the limiting 
factor. 

Ferroelectricity in the compound Ba2Bi4 Ti50 18 , P . H . F ang 
and B . Aurivillius, Phys. R ev. 126, N o.3, 898 (May 1962). 
Some ferroelectric and crystallographical properties cf the 
compound Ba 2Bi/ fi50 18 are presented . The compound repre
sents a ncw structure with t he un it cell co nsist ing of one 
Bi ,022+ layers . From 196° C to 580 ° C, a maximum in the 
real part of t he dielectric co nstant was obser ved at + 417° C. 
No t hermal hysteresis was observed within the precission of 
12° C. A remanent p a ra lizat ion of 2 x 10- 6 coul/ cm2 and a 
coercive field of 10 kv /cm were observed at t he room tem
peratures. 

The ammonia beam maser as a standard of frequency, 
J . A. Barn es, D . 'N. All a n, a nd A. E. Wa inwright, IR E 
Trans. I nst1'1wwntation 1-11, 26- 30 (J une 1962) . 
It ha~ been suggested that a n error in t u ning of the resonant 
cavity in a n a mm oni a beam maser cou ld be detected by 
obse rvi ng a freq uency shif t of t be mase r wit 11 t he applicat ion 
of a magneti c field Foll owi ng t his s uggestion, an ocsillatory 
magnetic field was appli ed to Lhe NBS dou ble beam maser 
a nd a low noise phase demodu lator \\'as co nstructed to 
detect a ny phase modulation present in t he maser signal. 
Wi th th is equ ipme nt, a servo-loop was completed to con
stantly control the tun ing of t he maser 's reso na nt cavi ty. 
Not only did t his res ult in t he elimination of the most critical 
parameter of t he maser 's frequency dcoend ence, bu t improve
me nt of t he freq ucn cy dependence upon oL her para meters was 
also observed. 

Large longitUdinal retard ed elas tic de formation of rubberlike 
net work polymers, H . Leaderman , J. Polymer Sci. 59, No. 168, 
S42 (.June 1962). 
Meas urements of long itudinal creep under co nstant no m111 al 
len~ ile slress a nd of rrcovery, a nd a lso of creep under co nstant 
true tensile stress a nd r ecove ry have been made on a speci men 
of plasticized poly vinyl chloride . These data have been 
8110wn to be cons istent wiLl1 li nca l' superposition relations of 
lhe h eredi tary type. Associated with nom inal stress as 
rxcitatlOn is ("A-"A-') /3 as the measure of response, where).. IS 
relative len gt l~. Associflted wilh l rll e stress as excitation is 
("A2 _ "A- I) (l + 0 .8"A- 1)/5.4 as t he meas ure of response. 

Magnifications of a telescope, R. E. Stephens, J. Opt. Soc. 
Am. 51, No . 7, 803- 804 (.July 1961). 
The image of a di stant object form ed by a telescope appears 
la rger t ha n the object in sp ite of t he fact t hat the hnear 
dimensions are r cduced in size. This is beeaL se t he Image is 
always much nearer t h e observer t han t he obj ect. The ratio 
of t he im age distance t o the object distance approaches l / Mz 
as both distances approach infini ty, where Nt: is the a ngular 
magnification of t he t elcscope. 

Linear thermal expan s ion of aluminum oxide and thorium 
oxide rrom 100 ° to nooo K, J. B.Wachtman, Jr. , T . G. 
Sc uderi , a nd G. \V. C leek, J . Am. Ccmm. Soc. 45, 310- 323 
(J uly 1962). 
The li near t herma l expansion of s ingle crystal a nd polycrystaUine 
aluminum ox ide and polyerystalline t horium ox ide was 
meas ured trom 100 ° to UOO ° K wi t h an Interfero metnc 
tec hn iq ue. For each s ubstance th e resul ts a rc well described 
by Grlln eisen's eq uation usin g a Nernst-Lin dema nn energy 
fu nc tion. 

Group theory and crystal field theory, C. M . H er zfeld and 
P. H. E. Meij er, Book, Solid Slate Physics 12, 1- 19 (A.cademic 
PTess, I nc., New YOTk, N.Y., 1961). 



A survey of the principal group theoretical TJrinciples and 
methods used in crystal field theory. 

Ferroelectricity in the compound Bi,Ti30 12, P. H. Fang and 
C. R. Robbins, Phys. R ev. 126, No.3, 892 (May 1962). 
Some ferroelectric and crystallographical properties of the 
compound Bi4Ti.OI2 are presented . The compound has a 
dielectric maximum at 685°C on increasing temperature and 
at 670°C on decreasing temperature. At these temperatures, 
an endothermic peak and an exothermic peak, respectively, 
occur. FerroelectriCity was observed along the c axis of the 
single crystal of this compound. 

BIue-glass filters to approximate the blackbody at 6500° K, 
D. B. Judd, Farbe 10, No. 1-4,31 (1961) . 
I n 1956, Rautian, Lobanova, and Znamenskaya descr ibed 
a light source for preClse color mcasurement of non-self
luminous objects with an energy distribution between 400 and 
700 nm closely duplicating that of a blackbody at 6,500 ° K. 
This light source took the fo r m of an incandescent lamp at a 
color temperatL.re of 2,854° K (CIE source A) combined with 
a three-layer, blu e-glass, filter of the Ronis type An attempt 
in February 1959 to purchase such Ronis fi lters indicated 
that they were not yet co mm ercially available. At t he 
request of the National Bureau of Standards, Corning Glass 
Works undertook the design and production of such a filter 
under the direction of their A. J. Werner, and in December 
1960 delivered a supply of them. Measurements show that 
the degree of duplication of the blackbody energy d istribution 
for 6,500 0 K available from the Corn ing tlll'ee-l a~'er filter is 
slightly better t han that reported for Ronis-type filters . 

Application of refiectome ter techniques to accurate reflection 
measurements in coaxial systems, R . W. Beatty an d W. J . 
Anson, Proc. Inst. Elec. Engr. B109, 345- 348 (Jul y 1962). 
The theory of a single directio nal coupler reftecto meter having 
two auxiliary tuners is reViewed, giving emphasis to precisio n 
measurement possibilities. 
Problems in setting up this system for measurements in 
coaxial line are discussed a nd a system for measurements in 
the frequency range 3.95- 5.85 Gc/s is described . 
The development of quarter wavelength short-circuit reflcc
tion standards and sliding terminations is presented. 
The results of measurements of t he reflection from connectors 
and various loads at 4 Gc/s are given. 

Four methods for predicting th e durability of roofing asphalts, 
S. H . Greenfeld and J. R . Wright, Mater. Res . Std. 2, No.9, 
738-745 (Sept. 1962). 
FOt,r laboratory procedures (asphaltene content, filtration 
t ime, solubility parameter, and carbonyl index) for predicti ng 
the durability of 24 coating-grade roofing asphalts as deter
mined in accelerated-weathering machines were s tudied. 
Durabili ty tended to vary directly with filtration t ime, and 
inversely with solubili ty parameter, asphaltene content, and 
carbonyl index. There was scatter in the data in a ll of t he 
correlations, but the asphalts tended to be grouped according 
to t he SO '11'ce of the crudes f rom which they were obtained. 
Modifications to the asphalts produced by additives, flu xing 
oils, a nd blending stocks t ended to make the asphalts devi ate 
from t heir source groups. 

Coring an eleciroform, W. H. Metzer, J r., Plating 49, No.8, 
880 (Aug. 1962). 
Article describes novel method for removing soluble mandrels 
from thin walled electroforms . The eiectroformed part 
containing the mandrel is sealed, together wi th a reagent, in a 
closed system which is heated in a furn ace . .Mandrels have 
been removed from electroformed shells by t hi s method 
where no ordinary means wo ul d work. 

Four-place table decibels return loss to magnitude of voltage 
refiection coefficient, R. \V. Beatty, Microwave Eng. Han db. 
& Buyers Guide, p. TD188- 192 (Nov. 1961). 
A four place table of the magni tUde of Ir l of the voltage 
reflection coefficient correspondll1g to the return loss LR = 20 

10giO I ~ I is given. LR is given to 0.01 decibel intervals over 

the range 0- 20 decibels. A simple procedure penmts use of 
the table outside of this range. 

Insulation resistance measurements, A. H. Scott, P roc. 4th 
Electrical I nstdation ConI., Materials and Application, Wash., 
D.C., pp. 115-117 (Feb. 19-22, 1962). 
Some comments are made regarding the reasons for interest 
in electrical insulation-resistance measurements. A brief re
view of the advantages, disadvantages and sensitivity is given 
for various types of equipment used for making electrical 
insulation measurements. Also some pitfalls in making in
sulation m easurements are mentioned. A short reference to 
electrode materials which can be used is given. Th is discus
sion is intended to give a background for the open discussion 
on Measurement of Insulation Resistances Greater t han 101~ 
ohms, which will form t he last part of the session . 

Some tensile properties of amalgam, M. S. Rodriguez and 
G. Dickson, J. Dental R es. 41, No.4, 840-852 (July- Aug. 
1962). 
Methods were developed for measuring the tensile properties 
of dental amalgam. Specimens used were dumbbell shaped 
with a straight portion of 0.01 in. 2 cross section and approxi
mately 0.30 in. length. Tensile strengths of four amalgams 
ranged from approx imately 7000 to 8500 psi. E longations 
calculated over a 0.5 in. gage length varied from 0.3 to 0.5 %. 
Chord moduli of elasticity from stresses of 1000 to 3000 psi 
for specimens of the four amalgams strained at a rate of 
0.003 in. per minute averaged 3.3- 4.1 X 106 psi and from 1000 
to 5000 psi averaged 2 .2- 2.8 X 106 psi. 

A s tudy of the chemical and physical properties of magne tic 
recording tape, F. Nesh and R. F. Brown, Jr. , I RE Trans. 
Alldio AU-10, No. 3, 70-71 (May- J ww 1962). 
A study has bee n made of t he chemical and physical prop
erties of magnetic record ing tape. T he chemical studies in
dicate the possible relat ionship be tween a series of solvent 
tests and the wear properties of commercially available tapes. 
The p hysical studi es, inclllding electron m icrographs indicate 
a s maller uni t crystal size for), Ferric Oxide than previously 
supposed and a relationship between a better dispersion and 
improved magnetic properties . Both studies a re being 
contin ued in greater detail. 

Measuremen t of e ffect of moisture on heat transfer through 
insu lated flat-roof cons tructions, F. J. Powell and H . E. 
Rob inson, A.m. Soc . Testing Materials Spec. T ech. Publ. 312. 
35- 66 (1961 ) . 
Two methods of measurement arc presented for laboratory 
deter mination of the effect of moisture on the heat t ransfer 
t hrough insulated fl at-roof constru ctions when subjected to 
successive periods of s imulated summer and winter tempera
ture condit ions, a nd dai ly sola r heating of t h e top surface. 
The methods allow simul taneous measurements to be made 
on specimens of d ifferent designs. Heat-How meters are used 
in the first method and a calorimeter technique in the second 
for observing changes in the in sulating value of the entire 
construction and it s compo nents due to moisture. The 
second method in clu des a means for measuring the rate of 
change of moisture conte nt of the specimen. 
Illustrative results are given for thirteen of the fifty-four 
specimens tested over a period of five years. Results indi
cate t hat natural in-pl ace drying of wetted insulation over a 
vapor barrier and/or a dense concrete deck is very slow, and 
t hat once wetted, such insulation will have greater heat trans
mission for long periods of t ime. Some co nstructions made 
wit hout vapor ban'iers, containing materials of moderate 
permeance, showed good drying characteristics , so t hat if 
initially wet, or wetted later, t he insulation approached dry
ness in a period comparable to a year 's se rvice. 
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APPA-TAPPI refere nce materia l program, I . Interlaborat01'y 
investigation of TAP P I standard '1' 414 m-49, internal teming 
resistance of paper, T. W. La .• hof, '1'appi 45, No.8, 656 (1962) . 
The init ia l steps lJl a proj ect to improve the reproducibility 
of thi s long establtshed method of test are presell ted . These 
included (1) refinement of the procedure based on information 
that had been accu mulated in the literature an d by the manu
facturer of t he tes tmg instrument and others over the years, 
and (2) an interlaboratory study involving 40 laboratories 
and 8 materials covering the range of the method . A within
laboratory r eplication error of 5.3 % coefficien t of variation 
was found. The present l' APPI standard calls for at least 



5 replications, but the analysis shows that as many as 10 
replications would still be useful , provided that differences 
between laboratories are adjusted using a standard sample. 
Between-laboratory variability is so large that even when 
only 5 replications are used to r educe th effect of within
laboratory variability, a standard sample will significantly 
reduce between-laboratory variability. 

Properties of de ntal amal gams mad e from spherical alloy 
particl es, N. C. Demaree and D. F. Taylor, J. Dental Res. 
41, No.4, 890- 906 (July-Aug . 1962) . 
Experimental dental amalgams were prepared for t he first 
time from a tnical amalgam alloy (Ag 70.6%, Sn 26.1 % , Cu 
2.5 %, Zn 0.4%) in t he form of spherical particles 2 to 150 
microns in diameter rather than in the irregular particles 
normally e mployed. Properties of amalgams ma de, using 
particles of 8 size ranges, were investigated. Dimensional 
ch ange on setting and setting t ime were greater but residual 
mercury content was lower tor amalgam made from the larger 
particles . Part.icles between 15 and 50 microns in diameter 
gave maximum strength. Physical properties of some of the 
experimental a malgams were equal or superior to properti es 
of dental amalgams now in use. The use of spherical particles 
provides a new approach t o the investigation of the setting 
reactions of dental amalgam. 

Fast-melting alloy forms water jacket for s mall klystrons, 
W. J . Anson and E. Niesen, Electron. Design, pp. 42- 45 (Mar. 
1962). 
Man y klystrons radiate strong external s ignals and often 
require good shleldmg in laboratory setups to eliminate inter
ference between the r.f. source and the detecLion system . 
This article describes some simple approaches to both the 
shielding and the cooling problems. 

Other NBS Publications 

Journal of Research 66A (Phys. and Chern.) , No.6 (Nov.
Dec. 1962),70 cents. 
H ea t of formation of nitronium perchlorate. A. A. Gilliland . 
Phase eq uilibri urn relations in the binary system bismuth 

sesquioxide-niobium pentoxide. R. S. Roth and J . L . 
Waring. 

Elastic constants of ru tile (Ti02). J . B. Wachtman, Jr., 
W. E. Tefft, and D . G. Lam, Jr. (See above abstracts.) 

React ion of hardened portland cement pas te with carbon 
dioxide. C. M. Hunt and L. A. Tomes. (See above a b
stracts .) 

Titan ium standards for hydrogen content. J. T . Sterling, 
F. J . Palumbo, and L. L . Wyman. 

Ul ~rr.viol et stability of crosslmked polycaprolactam systems. 
~. D. Bruck. 

~pectral-hne mtensihes and gf-values in the first spectrum of 
copper. C. H. Corliss. 

Batch a dsorption from solu tion. W. V. Loebenstem . 
Sepa ration of hafnium from zirconium and their determina

tion: Separation by anion-exchange. L. A. Machlan and 
J . L. Hague. 

Journal of Research 66B (Math. and Math. Phys.), No.6 
(Oct .-Dec. 1962) , 75 cents. 
Reliability of a system in which spare parts deteriorate in 

storage. G. H. Weiss. (See above abstracts.) 
Estimation of dispersion parameters. W. A. Thompson, Jr. 
Laguerre expansions for successive generations of a renewal 

process . G. H. Weiss. 
Bounds on ratios of means. G. T. Cargo and O. Shisha. 
A model for the viscoelastic behavior of rubberlike polymers 

including entanglement effects. R. S. Marvin and H. 
OseL (See above abstracts.) 

Black box maximization of circular coverage. C. T. Zahn, Jr. 
r An application of information theory to the analysis of con

tingency tables, with a table of 2n In n, n = 1 (1) 10,000. 
S. Kullback, M. Kupperman, and H . H. Ku. 

Journal of Research 66D (Radio Prop.). No.6 (Nov.-Dec. 
1962).70 cents. 
RF impedance probe measurements of ionospheric electron 

densities. J. A. Kane, J . E. J ackson, and H . A. Whale. 
(See above abstracts.) 
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Methods for applying numerical maps -of ionospheric charac
teristic . W . B. Jones and R. M. GaUet. 

Very-low-frequency radio propagation in the ionosphere. D. 
W. Swift. 

Prolonged space-wave fadeouts in tropospheric propagation. 
A. P. Barsis and M. E. Johnson. 

Range-error compensation for a troposphere with exponen
tially varying refractivity. J . J. Freeman. 

On t he geometrical optics of curved surfaces with periodic 
impedance properties. C. J. Marcinkowski and L. B. 
Felsen. (See above abstracts.) 

On the limitations of geo metrical optics solutions for curved 
surfaces with variable impedance properties. C. J. Mar
cinkowski and L. B. Felsen . (See above abstracts.) 

Conversion of the amplitu Ie-probability distribution func
tion for atmospheri c r adio noise from one bandwidth to 
another. A. D. Spaulding, C. J. R oubique, and W. Q. 
Crichlow. 

Some statistical properties of pulsed oblique HF ionospheric 
transmissions. M. Balser and W B . Smith. 

Induction in a small loop moving with a m agnetostatic dipole 
toward a conducting half space. M. B. Kraichman. 

Propagation of terrestrial radio waves of long wavelength
theory of zonal harmonics with improved summation tech
niques. J . R. Johler and L. A. Berry. 

Terminal-zone corrections for a dipole driven by a two-wire 
line. Ie Iizuka and R. W. P. Kin g. 

Pattern synthesis with a Hu sh-mounted leaky-wave antenna 
on a conducting circular cylinder. A. I shimaru and F. R . 
Beich. 

Analysis of electric energy usage in Air Force houses equipped 
with air-to-air heat pumps, P. R. Achenbiwh, J. C. Davis, 
and W. T. Smith, NBS Mono. 51 (July 13,1962) 30 cents. 

Annotated bibliography on soft X-ray spectroscopy, H. 
Yakowitz and J . R. Cuthill, NBS Mono . 52 (June 29, 
1962) $1.00. 

Experimental transition probabilities for spectral lines of 
seventy clements, C . H. Corliss and W. R. Bozman, NBS 
Mono. 53 (July 20, 1962) $4.25. 

Weights and measures administration, NBS H a nd\). 82 
(June 22, 1962) $1.75. (Supersedes H26) 

R equired signal-to-noisc r atios, RF signal power, a nd band
width for multichann cl radio co mmunications systems, 
E. F . Florman and J. J. Tary, NBS Tech. Note 100 (J an . 
1962), $1.00. 

Mode conversion in the earth-ionosphp.re waveguide, J. R . 
Wait, NBS T ech . Note 151 (Junp. 8,1962) 20 cents . 

Information selection systems ret ricving rep lica copie,,: A 
state-of-the-art report, T . C. Bagg and M . E . Stevens, 
NBS Tech . Note 157 (D ec. 31, 1961) $1.25. 

Efficient use of the radio spectrum, K . A. Norton, NBS T ech . 
Note 158 (Apr. 1962) 45 cents. 

A Fortran code for calculation of eigenvalucs and eigenfun c
tions in real potential wells, R. S. Caswell, NBS T ech. 
Note 159 (Aug. 1962) 25 cents. 

Propagation of solar particles and the interplanetary magnetic 
field, C. S. Warwick, J . Geophys. R esearch 67, No.4, 1333-
1346 (Apr. 1962) . 

Availability of machine-usable natural language material, 
M. E. Stevens, Proc. 3d Inst . on Information, Storage and 
Retrieval (American Univ., Wash ., D .C .) , 1, 58- 75 (Feb. 
1961) . 

Physical measurements and experiment design , W . J . Youden, 
i.e Plan d 'Exper. Centre Nat!. R echerchc Sci. (Paris, 
France) 110, 1- 13 (Aug .- Sept. 1961). 

A calculus for factorial arrangements, B . Kurkjian and 
M . Zelen, Annals. of Math . Statistics 33, 600- 619 (June 
1962). 

Modular forms whose coefficients possess multiplicative 
proper t ics (II) , M. Newman, Ann. of Mat h. 75, 242- 250 
(Mar. 1962) . 

Transition probabilities for permitted and forbidden lines of 
Si X, F e XIV and F e X, R. H. Garstang, Ex trait des Ann. 
d 'Astrophys. 25, No.2, 109- 117 (1962). 

A note on norma l matrices , M. MarcLls a nd N. Khan , Can. 
Math . Bull. 4, 23- 27 (1961) . 

The evolution of concepts and la nguages of computing, R . D . 



Elbourn and W. H . Ware, Proc. IRE 50, No.5, 1059- 1066 
(May 1962). 

National Bureau of Standards list of I G Y flares with nor
malized values of importance and area, C. S. Warwick, 
IGY Solar Activity Report Series No. 17 (Intern. Geophys. 
Year, World D ata Center A. Solar Activity, High Altitude 
Observatory, University of Colorado, Boulder, Colorado, 
May 1, 1962). 

Plural scattering of 20-kev electrons in aluminum, L. Marton, 
J . A. Simpson, H. A. Fowler, and N. Swanson, Phys . Rev. 
126, No . 1, 182- 192 (Apr. 1, 1962). 

Time and its inverse, J. M. Richardson, Intern. Sci. and 
Tech. 1, No.6, 54- 61 (June 1962). 

Effect of crystal growth on the comparatiye fixat ion of Sr89 

and Ca45 by calcified tissues, R . C. Likins, A. S. Posner, 
B. Paretzkin, A. P. Frost, J . Bio!. Chem. 236, 2804-2806 
(Oct. 1961) . 

Introduction, H. S. P eiser, Book, Vacuum Microbalance 
T echniques, Ed. R. F . IValker, 2, 1- 5 (Plenum Press, Inc., 
New York, N .Y., 1962) . 

The e ffect of geomagnetic activity on the F2 region over 
central Africa, R. G. Rastogi, J. Geophys. Research 67, 
No.4, 1367-1374 (Apr. 1962). 

Growth rates of zinc crystals from t he vapor phasc, R. L. 
Parker and L. M. Kushner, J . Chem. Phys. 35, No.4, 
1345 (Oct. 1961j 

Plastic standards in Government, F. W . Reinhart, Proc. Am. 
Standards Assoc. 12th Nat!. Conf. Standards, pp. 44- 46 
(Houston, Texas, Oct. 1961). 

Anisotropies in angular distributions of molecular dissociation 
products , G. H. Dunn, Phys. Rev. 8, 62- 64 (Jan. 15, 1962). 

H eats of formation of i norganic fiuorine compounds- A 
survey, G. T . Armstrong and L. A. Krieger, Progress on 
In tern. Research On Thermodynamics and Transport 
Properties , pp. 8- 77 (ASME & Academic Press, Inc., New 
York, N .Y., 1962). 

Plastics, G. M. Kline, The Americana Annual, p. 603 (Ameri
cana Corp., Chicago, II!. , 1961). 

Vibrational-rotational spectra of BrCN, A. G. Maki and 
C. T. Gott, J. Chem. Phys. 35, No.9, 2282- 2285 (1962). 

Distribution of total service time for a fixed observation 
interval, 'vV. S. Connor and N. C. Severo, J. Am. Stat. 
Assoc. 57, 376-386 (June 1962). 

Abstract shape recognition by machine, M. E. Stevens, 
Computers- K ey to Total Systems Control, Proc. Eastern 
Joint Computer Conf., 20, No.1, 332- 351 (D ec. 1961). 

Determination of molecular weights and molec ular weight 
dIstribution , D. McIntyre, ASD Tech . R ept. 62-283, 
p . 71- 74 (Mar. 1962). 

Environmental chemistry, F. IV. Reinhart, Prevention of 
D eterioration Center Newsletter (Nat!. Acad. Sci.-Natl. 
Research Council) V, No.1, 1- 2,4 (Oct. 1961). 

A study of solar activity associated with polar-cap absorp
t ion , C. S. IVarwick and M. W. Haurwitz, J . Geophys. 
R esE'ar ch 67, No. 4, 1317- 1332 (Apr. 1962). 

Stability of plastic impression trays, J. B. Woelfel and G. C. 
P affenbarger , J. Am. D ental Assoc. 63, No.5, 705- 706 
(Nov . 1961). 

Electron spin resonance studies of 'Y-irradiated small mole
cu les at 4 OK and 77 OK, R. E. Florin, D . 'vV. Brown and 
L. A. IV all, Proc. 5th Intern. Symp. on Free R adications, 
Paper No. 18, 1- 17 (Almquist and Wiksell, Stockholm, 
S\yeden, July 6- 7, 1961). 

Absolute isotopic abundance ratio and the atomic we ight of 
chlorine, 'vV. R. Shields, E. 1,. Garner and V. H. Dibeler, 
J . Am. Chem. Soc. 840, 1510- 1522 (1962) . 

D eparture from t he steady state in two-intermediate enzyme 
reactions, H. Shin, Trans. Faraday Soc. 58, No. 475, 
1439- 1450 (July 1962). 

Direct measurement of line intensities and widths in t h e first 
overtone band of CO, H. J . Kostkowski and A. M. Bass , 
J. Quant. Spectry . Radiative Transfer 1, 177- 184 (1961). 

Calibration of vibration pickups at large amplitudes, E. 
Jones, S. Edelman, and K . S. Sizemore, J. Acoust, Soc. Am. 
(Errata) 340, No.3, 355 (Mar. 1962). 

Dislocations and stacking faults in a luminum nitride, P . 
D elavignette, H . B. Kirkpatrick and S. Amelinckx, J. 
Appl. Phys. 32, No.6, 1098- 1100 (June 1961) . 

Pair production as an analyzer of circular polarization of 
gamma rays from neutral particle decays, H. Olsen and 
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1,. C. Maximon, Il Nuovo Cimento 24, No.1, 186- 189 
(Apr. 1962). 

Emission fl ame photometry, M. Margoshes, Ana!. Chem. 
Supp!. 3"', No .5, 221R- 224R (Apr. 1962) . 

T emperature depende nt of electron emission in t he fi eld 
emmiss ion region , R. Klein and L. B. Leder, Phys. R ev. 
1240,1046- 1049 (Nov. 1961). 

D es ign requirements for mechan ized systems in protective 
shelters, R. R. Achenbach, H eating, Piping and Air Con
ditioning 340, No.2, 73- 79 (Feb. 1962). 

Spin-lattice relaxation in two rare earth double nitrates, 
R. P. Hudson and B. W. Mangum, II Nuovo Cimento 23, 
1133- 1135 (Mar. 1962). 

Dimensional changes in fibrou s macromolecules : The system 
alpha-keratin-li thium bromide, L . Mandelk ern, J. C. 
Halpin, A. F. Diorio and A. S. Posner , Am. Chern. Soc. 3"', 
No.8, 1383- 1391 (Apr. 1962). 

T ch ebycheff approximation by functions unisolvent of varia
ble degree, J. R. Ri ce, Trans. Am. Math. Soc. 99, 298- 302 
(1961 ) . 

Best approximat ions and interpolating functions, J. R. Rice, 
Trans. Am. Math. Soc. 101, 477- 498 (D ec. 1961) . 

The presence of singly-ionized gallium (Ga II) lines in stellar 
spectra, W. P. Bidelman and C. H. Corliss, Astrophys. J. 
135, No.3, 968- 969 (May 1962). 

Theory and biomedical applications of thE' analog computers, 
I-I. L. Mason, Natl. lnst. of Health Workshop on Bio
medical Computing, No.1 (July 1961). 

Universal-time control of the arctic and antarctic F region, 
R. A. Duncan, J. Geophys. R esearch 67, 1823- 1830 (May 
1962) . 

Evaluation of the nature of the surfaces of hard tooth tissues 
by a surface activity test, R. L. Bowen, Proc. Workshop 
on Adhesive Restorative Dental Materials (Indiana Univ., 
Bloomington, Indiana, Sept. 28- 2!i, 1961). 

Liquid drop collisions, O. G. Engel, Symp. Erosion and Cavi
tation, Am. Soc. Testing Materials Spec. Tech. Pub!. No. 
307,3- 16 (1961) . 

On t he determination of disintegrat ion rates by the coin
cidence method using high efficiency detectors, R . IV. 
Hayward, Intern. J . Appl. R adiation and I sotopes 12, 
148- 150 (D ec. 1961). 

Field emission from niobium in the normal and superconduct
ing states, R . Klein and L . B. Leder, Phys. Rev . 12"', No.4, 
1050- 1052 (Nov. 1961). 

On the self-diffu sion of ions in a polyelectrolyte solu tion, 
S. l.ifson a nd J . L. Jackson, J. Chem. Phys. 36, No.9, 
2410- 2414 (May 1962). 

Mass spectrometry, R. M . R eese, Ana!. Chem. 340, No.5, 
243R- 254R (Apr. 1962). 

Fifteen years ACM, F. L. Alt, Commun. Assoc. Computing 
Machinery 5, No.6, 300- 307 (June 1962). 

Scattered radiation from large cobalt-60 calibrating sources, 
L . Costrell , H ealt h Phys. J. 8, No.3, 261- 272 (June 1962). 

Meas urement characteristics of t he farm milk tank, M. W. 
J ensen, J . Milk and Food T echno!. 25, No.4, 112- 115 
(Apr. 1962) . . 

The microwave Zeeman effect of free hy droxyl radIcals: 
2 II~ levels, H . E. Radford, Phys. R ev. 126, 1035 (19f?2) .. 

Effect of noncrystalliz able components on t he crystallI zatIOn 
kinetics of polymers , F. Gornick and L. Mandelkern, J . 
Appl. Phys. 33, No . 3, 907- 913 (Mar. 1962). 

Standards for plastics in the U .S.A., G. M. Kline, Proc. 13th 
Intern. Plastics Congress, pp. 27-33 (Turin, Italy, Sept. 
28- 30, 1961) 

Electron r esonance m agnetometer for alternating magnetic 
fields, O. E. Spokas and M. Danos, R ev. Sci . Iustr. 33, 
No . 6, 613- 617 (June 1962). 

Traces of products of angular momentum matrices, !. Car te
sian basis, E. Ambler, J. C. Eisenstein, a nd J . F. Schooley, 
J. Math. Phys. 3, No.1, 118- 130 (Jan.- Feb. 1962) . 

Meas urement of linear pho ton polarization by pair product ion , 
L. C. Maximon and H. Olsen, Phys. R ev . 126, No.1, 
310- 319 (Apr . 1962). 

Standards for vinyl chloride plastics, F . W. R einhart, Proc. 
SPE Regional T ech. Conf. "Vinyl Plastics" (New York, 
N .Y. , Nov. 15, 1961); SPE J. 18,308- 311 (Mar. 1962). 

Radiation hazards in realistic perspective, 1.. S. Taylor, Phys. 
Today 15, 32-38 (,Jun e 1962). 



The molecu lar structl1l'e o f chloroform, M. J en and D . R. 
Lide, Jr. , J . Chern. Phys. 36, No.9, 2525 (May 1962) . 

D evice for chemically thinnilLg crystals for transmission 
electron mi croscopy, H . B. Kirkpatrick and S. Amelinckx, 
Rev . Sci. Instr . 33, No.4, 488- 489 (Apr. 1962) . 

Signs of nu clear r esonance co upling constants in saturated 
a liphatic systems, H . Finegold, Proc. Chern. Soc. (London, 
E ngla nd), No.6, pp. 213- 214 (June 1962) . 

Collision-i ndu ccd mi crowave absorption in compressed gases, 
II. Molecula r electric quadrupole moments, G. Birnbaum 
and A. A. Maryott , J. Chern. Phys. 36, 2032- 2036 (Apr. 
1962) . 

Fluorescence in co mets as a Markov process , T . Carrington , 
A t rophys, J . 135, No.3, 883- 891 (May 1962). 

Digital pattern recognition by moments, F. L. Alt, J. Assoc . 
Computing Mach. 9, No.2, 240- 258 (Apr. 1962) . 

The nu clear photoeffect in holmium and erbium, E. G. Fuller 
and E. Hayward, Nuclear Ph ys. 30, 613- 635 (1962). 

Formation constant of t he 1 : 1 pyridine-iodine complex, 
A. G . MaId and E. K. Plyler, J . Phys . Chern. 66, 766- 767 
(1962) . 

Photosensitized reaction between h ydrogen (2p) atoms a nd 
molecula r ni trogen , I. Tanaka and J. R. McNesby, J. 
Chern. Phys . 36, No . 12 3170- 3173 (June 15, 1962). 

Effect of particle sizE' on low-te mperature heat capacities, 
A. C. Victor, J . Chern . Ph ys. 36, No . 10, 2812- 2813 (May 
15, 1962). 

Effect of molecula r oxygen on t he emission spedra of ato mi c 
oxygen-acety lene flames. S. L . N. G. Krishnamachari a nd 
H . P . Broida, J. Chem. Phvs. 3<1. 1709- 1711 (1961) . 

T chebycheff approximations by exponen t ia ls, J . R. R ice, J. 
Soc. Ind . Appl. Math . 10, No.1, 149- 161 (Ma r. 1962). 

The morpholoe;y of mid-latit ude 6300 a ngstrom a rcs, T. Toh
mats ll a nd F. E . Roach, J. Geo phyci. R es. 67, No.5, 1817-
1821 (May 1962). 

Some electri cal propert ieo of t he porous graphi te co ntact on 
p-type silicon , G. G. H arma n, T . H . Higier, a nd O. L . 
Meyer, J. Appl. P hys. 33, 2206 (July 1962). 

The structure of t he vibrat iona l-ro tat ional bands of an asv m
metric rotor, H . C . Allen, Jr. , Phil. Tra ns. Roy. Soc. 
London, SCI'. B. Math . a nd Phys. Sci. 253, No. 1030, 335-
357 (Apr. 27 , 1961). 

Real represe ntations of coo rdin ate rotations, U. F a no, J . 
Math . Ph ys. 1, No. 5, 417- 423 (Scp t .- Oct. 1960). 

Structural a nd inte rnal state variables iu t he descrip t ion of 
scalar rate processes in fiu ids, R. E. Nettleto n, Ph .\'s. F luids 
t, 1488 (1961) . 

The types of blackout. t heir t ime variat ions, a nd t he mecha
nisms prod ucing t hem, V. Agy, J . Phys. Soc . J apan 17,93-
97 (Sept . 1961) . 

Qua nt um-mechani cal calculation of harmonic oscillato r tralls
it ion probabili t ies in a on e-dimcnsional impulsive co llis ion , 
K. E. Shuler a nd R. W . Z\m nzig, .J. Chem. Phys . 33, No.6, 
1778- 1784 (Dec. 1960). 

The vapo r pressure of 20 OK eq uilibrium h.vdrogen, L. C. 
'Weber, Jr., D. E. Diller, H. M . R oder, and R. D . Goodw in, 
Cryogen ics 3, 236- 238 (June 1962). 

Programming for a closed-loop ma nned-machine combined 
system, D. C. Friedman, Proc. Combined Analog Digital 
Computer Systems f:lymp., Phila ., Pa., Dec. 1960, 12th 
item (1960). 

StuC\ies in non-equilibrium mte processes , V. The r elaxat ion 
of moments derived from a master equation, K. E. Shuler, 
K . Anderson, and G. H. Weiss, J. Mat h. Phys. 3, No . 3, 
550- 556 (May-June 1962) . 

Kin etics of the hydroloYRis of acetal in N-methylpropiona
midc-water and N, n-dimethylformamide-water solvents at. 
20, 25, 30, and 40 0 , R. K. Wolford and R. G. Bates, J. 
Phys. Chell1. 66 , No.8, 1496 -1500 (1962) . 

Symposium on spectroscopic excitation. B. F. Scribn er , Am . 
Soc. T esting Materia ls Spec. Tech. Pilbi. 259, 1 (Oct. 1960) . 

Path Joss measurements versus prediction for long distance 
tropospher ic scatter circu its, A. F. Ba rghausen a nd C. F. 
Peterson, IRE Tra ns. on Commull. Sys tems CS- 9, No.4, 
430- 445 (Dec. 1961) 

Introd uction to t he t heo ry of V.L .F. propagation, .T . R . Wa it, 
Proc. IRE 50,1624- 1647 (July 1962) . 

Som.e experimenta l aspects of nu clear ori en tation, E. Ambler, 
Proe . T enth In te rn. Congress of R efrigerat ion, Copen
hagen. Denm ark , 1,1 95- 198 (1 959). 
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Tho d'"'iti~ of .atu,," d liquid hydwg,", R. D. Goodwin, .~ 
D. E. Diller, H. M . Roder, a nd L. A. Weber, Cryogenics 2, 
':<1- 83 (Dec . 1961). 

Irreversible processes in liquids and the density m atrix: mona
tomic molecules, R. E. Nett leton, Phys. F luids 5, No . 6, 
687- 700 (June 1962). 

Swtiching propert ies in fe rroelectrics of t he family 
Bi,Bam -,Tim + 10 3(m+2), P. H . F ang and E. Fatuzzo, J . Phys. 
Soc . J apan 17, 238 (1962). 

A derivation of t he relaxation spectrum representation of t he 
mechanical response function , R. S. Ma rvin, R epts . Progr. 
Polymer Phys . Japa n 5, 56- 58 (1962) . 

Thermal isomeri zat ion of isopropy l-1 ,1,I-d3 radi cals, W . M. 
Jackson and J. R. McNesby, J . Chem. Phys. 36, No. 9, 
2272- 2275 (May 1, 1962) . 

Research on light metals in t he Metallurgy Di vision, National 
Bureau of Standards, T . G. Digges, (Symp. Light Metal 
Industry, Jamshedpur, India) India n Construction News, 
p. 68 (Aug. 1961). 

Attempts to eliminate rat igue da mage by heat t reatment, J . 
A. Bennett, AID. Soc. Metals , Trans . Quart. (T ech . Notes) 
55, No.2, 362- 363 (June 1962) . 

Graphs for bivariate nor mal probabili t ies, M . Zclen and N. C. 
Ser vero, AnD . Math . Stat. 31, No.3 , 619- 624 (Sept. 1960). 

Nuclear moment of Nl'l, L. H. Bennett and R . 1,. Streever, 
Jr. , Ph ys. R ev. Lette rs 121, No.6, 2141- 2142 (June 15, 
1962) . 

New uses of mi crofilm with electroni c scann ers, a progress 
repor t on FOSDIC III , M . L. Greenough, Proc . 8th Annual 
Meetin g Natl. Mi crofilm Assoc ., \Nash . D.C. , Apr. 2- 4, 
1959, p. 278 (Annapolis, Md ., 1959). 

Susee ptor elements for hi gh te mperature induction heatin g, 
S. R as ko a nd H . S. Parker, Am. Ceram . Soc . Bull. <11, No. 
7,467 (July 1962). 

Relat ion of soht!" act ive regions at cent ra l meridia n p assage to 
ionospheric dist urbance, C. S. 'Warwi ck and J . V. Lincoln , 

AGARDograp h Proc, Sixth AGARD I onospheric Research 
Committee Meeting (Rome, Ita ly, M ay 15- 18, 1961). 

R adiolys is of ethane- 1,1,1,-d3, L. J . Stief a nd P. Ausloos, J . 
Chem. Ph ys . 36, No . 11 , 2904 (Jun e 1, 1962) . 

Radiowave propagation dur in g world war II, K. L. No rton, 
Proc. Re 50, No.5, 698- 704 May 1962) . 

Develo pment directions to keep leather a pace, J . R. K a nagy, 
Leather & Shoes H2, 34- 35 (Aug. 12, 1961). 

Radio propagation quality in t he North Atlantic a rea 1953-
1960, M. E. Nason, AGARDorrraph Froc. 6th AGARD 
Ionospheric Research Committee Meet,ing (R o me, Italy, 
May 15- 18, 1961). . . 

Discussion of F eldma n's a nd Sereda's P a per CharactcrlstLCs 
of sorption an d expansion isotherms of reactive limesto ne 
aggregate, C. M . H unt, L . A. To mes, R . G. P ike, a nd D . 
Hubbard , J . Am. Concrete Inst. 59, 815- 818 (Mar. 1962). 

The Nation al Bureau of Standards Library , S. A. J ones, 
D. C. Libra ries 32, 7- 10 (J a n. 1961). 

Systematic errors, W. J. Youden, Ordnance XLVI, No. 248, 
299- 301 (Sept .- Oct. 1961). . . 

H eat of form ation of the most stable form of metabo rl c aCid, 
HBO,(cI), M. V. Kilday a nd E. J. Prosc n, J. Am. Chern . 
Soc. Commu n . to Editor 82, 5.50 (1960). 

The scient ifi c co ntributions of Willia m Weber Coblentz, 
E. K. Plyler, J . Appl. Spect. 16, No.3, 73- 77 (19f\2). 

Absorption spectrum of CF, t rapped in an a rgon Jl1 rttrix, 
A. M . Bass and D . E . Mann, J . Chem. Ph ys. 36, No. 12, 
3501- 3502 (June 15, 1962). 

A test met hod for a ir-entrainment of stand a rd Otta wa sand , 
M. R. DeFore and H. J . Co rah, ASTM Bull . No. 248, 
48- 56 (TP162- 166) (Sept. 1960) . . 

The a ngula r dietribll t ion of beta part icles rrom ol"lented 
ceriurn-141 nuclei, D . D . Hoppes, Proc. Seven t h In te rn. 
Conf. Low T emperature Physics, U ni versit.v of Toronto, 
Canada , Aug. 1960 , p. 186 (U niversity of T oronto Press, 
Toronto, CalJada, 1960). . 

Die radiometeo rologie a ud ihre hedeutun g fur dlO aus 
breitllng del' m-, dm- a nd C111- wallen a uf grosse entfer
nungen, B. R. Bean, L . F ehlhaber, a nd J. Gross kopf , 
Nachr. Z (NTZ) , pp. 9- 16 (J a n . 1962) . 

The program at t he National Bureau of Standards, L. M . 
Branscomb, Boo k, Opti cal Spect rosco pi c Measure ments of 
High T emperatures , eel. P. J. Dickerman, p . 23.5 (U nl\, . of 
Chicago Press, Chicago, Ill. , 1961) . 



Study of "valley problem" with a ray tracing program, K . 
Davies and A. K. 8aha, Electron Density Profile~, pp. 
162- 166 (1962) . 

The extrapolation of the orthorhombic N-paraffin melting 
{lroperties to very long chain lengths, M. G. Broadhurst, 
J . Chern. Phys . 36, No. 10,2578 (May 15, 19(2) . 

Oscillatory phenomena, A. H. Kahn (Proc. Coni. High Mag
netic Field, Mass. lnst. Tech. Cambridge. Mass., Nov. 1- 4, 
1961) , Book, High Magnetic Fields, pp. 480- 488 (Mass . 
Inst . Tech. Press, Cambridge, Mass. , and John Wiley & 
Sons, Inc. , New York, N.Y., 1962). 

The information problem in government, S. N . Alexander, 
Proc. Engineering Information Symp. (Sponsored by the 
Engineers Joint Council), pp. 15- 16 (Jan. 17, 1962) . 

Problems in the tempE'rature calibration of an X-ray diffrac
tometer furnace, F. A. Maner and L. H. Bolz, (Proc. 
T enth Annnal Conf. Applications of X-ray Analysis, 
D enver, Colo ., Aug. 7- 9, 1961) , Book, AdvancE's in X-ray 
Analysis, p . 229 (Plenum Press , Inc., New York, N.Y., 
1962). 

The det ection and study of solar cosmic rays by radio t ech
niqnes, D. K . Bailey, (Intern. Coni. on Cosmic Rays and 
t he Earth Storm) , J. Phys. Soc. J apan 17, Suppl. A- I , Pt. 
1,106- 112 (1962) . 

Precision and accuracy-experiment design aspects , C. 
Eisenhart, Coni. on Applications of Statistical Methods in 
t he Chemical Industry, Feb. 4, 1961, (Sponsored by Am. 
Soc. for Quality Control, MetroIJolitan Section, Seaton 
H all Univers ity, South Orange, N.J.) , p . 1 (1961) . 

Games associated with a renewal process, M. M. Siddiqui, 
Ann . Math. Stat. 33,697- 701 (June 1962) . 

Purification and vapor pressure of pure nitric oxide, E . E. 
Hughes, J . Chem. Phys. Letter to Editor 35, No.4, 1531-
1532 (Oct. 1961) . 

Ultrasounds induce flaking of ceramics from m etals, J . W. 
Pitts, Metal Progr. 82, No.2, 114- 115 (Aug. 1962) . 

Use of gas phase chromatography for r apid det ermination of 
carbonate at low levels, F . G. Carpenter , Anal. Chern. 34, 
66 (Jan . 1962) 

An experimental investigation of the scintillation of radio 
stars observed at frequencies of 223 and 450 megacycles 
per second from a location close to the auroral zone, C. G. 
Lit tle, G. C. R eid, E. Stilt ner, and R . P. Merritt, J. Geo
phys. R es . 67, No . 5, 1763- 1784 (May 1962). 

The radiat ive formation and destruction of negat ive ions, 
L . M. Branscomb, Proc . Fifth Intern. Coni. Ionization 
Phenomena in Gases, Munich, Germany, I, 1- 18 tNorth 
Holland Publ. Co ., Amsterdam, The Netherlands, 1961). 

A computer for weather d at a acquisition, P . Meissner, J . A. 
Cunningham, and C. A. K ettering, Proc. E astern Joint 
Computer Conf., Dec. 13- 15, 1960, p . 57 (New York, N.Y., 
1960). 

Position t itles of chemists, W. K . Wilson, Capital Chemist 10, 
145 (May 1960). 

Correct ed calcula tions of sound absorption in non-associated 
liquids, R. E. Net t leton , J . Acoust . Soc. Am. 34, No . 3, 
350 (Mar . 1962). 

International comparisons of r adioact ivity standards, W. E. 
Perry and W. B. Mann, Proc. Ninth Intem. Congress on 
Radiology, Munich , Germany, July 1959, 23, VII- 30. 
VII, 1338- 1342 (Urban and Schwarzenberg, Munich, 
Germany, 1960). 

Criteria for the reality of mat rix eigenvalues, M. P. Drazin 
and E. V. Haynsworth, Z. Math. 78,449-452 (Mar. 1962) . 

A rapid simple method of estimat ing the order of chemical 
reactions, .T. H . Flynn, Chem. Eng. 69, No. 17, 137- 140 
(Aug. 20, 1962) . 

Paramagnetic resonance phenomena , H. E . R adford, Encyclo
paedic Dictionary of Physics 5, 293 (Pergamon Press Inc., 
New York, N.Y., 1962) . 

Chilled-air-distribut ion in refrigerated traliers , P. R. Achen
bach, Suppl. Bull. Intern. Inst . of Refrigeration, p. 9 
(1961- 1962). 

Mass spectrum and appearance potentials of t etrafluoro
h ydrazine, J. T. H erron and V. H. Dibeler, J. Chem. Phys. 
33, No.5, 1595-1596 (Nov. 1960) . 

A survey of polar cap absorption events (solar proton events) 
in the period 1952 through 1960, D . K. Bailey and J. M . 
Harrington, (Intern. Conf. on Cosmic Rays and the Earth 
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Storm), J. Phys . Soc. Japan 17, Suppl. A- II, Pt. II, 334- 337 
(1962) . 

I sotope effect in an electric field and jump frequencies for 
diffusion in ionic crystals , J. R. Manning, J . Appl. Phys. 
33, No.7, 2145- 2151 (July 1962). 

Det erminat ion of isotope effects by "double labeling" oxida
tion of d-glucose with iodine, H. S. I sbell, L. T. Sniegoski, 
and H. L. Frush, Anal. Chern. 34, No.8, 982- 984 (July 
1962) . 

Methods of nuclear orientation, E. Ambler, Book, Progress in 
Cryogenics , ed. K. Mendelssohn III, 235- 280 (H eywood and 
Co., Ltd., London, England, 1960) . 

Molecular collision models and transition probabilities in 
liquids, R. E. Nettleton, J. Chem. Phys. 38, 2226- 2227 
(Apr. 1962). 

Electronic development and production in the USSR, C. P. 
Marsden, Encylcopedia on Russia and the Soviet Union, 
pp. 158- 160 (McGraw-Hill Book Co., Inc., New York, 
N .Y., 1961). 

Microwave spectrum of trimethylarsine, D. R. Lide, Jr., 
Spectrochem. Acta 15, 473 (1959) . 

Latti ce frequencies and rotational barriers for inorganic 
carbonates and nitrat es , R . A. Schroeder, C. E . Weir, and 
E. R. Lippincott, J. Chem. Phys. 36, No. 10, 2803- 2804 
(May 1962) . 

Environmental characteristi cs of a small underground fallout 
shelter, P . R. Achenbach, F . J . J. Drapeau, and C. W. 
Phillips, ASH RAE J. 4, No . 1, 21 (Jan. 1962) . 

Chemically induced vibrational excitation: hydroxyl r adical 
emission in the 1-3-micron region produced by t he H + 0 3 

a tomic flame, D. Garvin, H. P. Broida, and H . J. Kost 
kowski. J. Chem. Phys . 37, No.1, 193 (July 1962) . 

Gas-phase radiolysis of propane, P . Ausloos and S. Lias, J. 
Chern. Phys . 36, No 12,3163- 3170 (July 15, 1962) . 

The absolute simplest form in digital circuit design, R. S. 
Ledley, Book, Digi t al Computers and Control Engineering, 
835 pgs., (M cGraw-Hill Book Co., Inc., New York, N .Y., 
1960) . 

Infrared spectrum of dideuteroacetylene (C zD 2) , E. D . Tid
well and E. K. Plyler, J. Opt. Soc. Am. 52, No.6, 656- 664 
(June 1962). 

The standards challenge, A. H. Scott, Insulation 8, No.2, 
48- 50 (Feb. 1962) . 

A system for genera ting "pronounceable" names using a 
computer, A. L. Leiner and W. W. Youden, J. Assoc . Com
puting Mach 8, No. 1, 97- 103 (Jan. 1961). 

Using digital comput ers in the design and m aintenance of 
new computers, A. L. Leiner, A. Weinberger, H . Loberman, 
and C. Coleman, IRE Trans. Electronic Computers 
EC- IO, No . 4, 680- 690 (D ec. 1961) . 

Surface preparation of solid metallic samples for X-ray 
spectrochemical analysis, R . E. Michaelis a nd B . A . Kilday, 
Book, Advances in X-ray Analysis 5, 405- 411 (Plenum 
Press, Inc., New York, N.Y., 1962) . 

Infrared wavelength d ependence of the total absorptivity of 
electroplat ed silver, D. Cline, J . App!. Phys . 33, 2310- 2311 
(July 1962) . 

Simple stain gauge-based load controller, L. Mordfin and 
R. L. mo~s , R ev. Sci. Instr. 33, No . 7, 772- 773 (July 1962). 

Quantum-mechanical calculation of harmonic oscillator 
transition probabilities . II. Three-dimensional impulsive 
collisions, F . H. Mies and K . E. Shuler, J. Chern. Phys. 37, 
No.1, 177- 181 (July 1, 1962). 

Remote phase control of st ation WWV, R. F. Fey, J. B. 
Milton, and A. H . Morgan, Nature 193, No. 4820, 1063-
1064 (Mar. 17, 1962) . 

Melting and contractility of feather keratin, L . Mandelkel'll, 
.1. C. Halpin, and A. F. Diorio, J. Polymer Sci. Letter to 
Editor 60, No . 169, S31- S33 (July 1962) . 

Wave propagation around a curved boundary which contains 
an ohstacle, J . R. Wait, Can. J . Phys . 40, 1010- 1016 
(Aug. 1962). 

Duration and spacing of sferic pulses, R. F. Linfield and 
C. A. Samson, Proc. IRE 50, 1841- 1842 (Aug. 1962) . 

VHF and UHF signal characteristics observed on a long 
knife-edge, A. P . Barsis and R. S. Kirby, IRE Nat!. Conv. 
R ecord, pp. 17- 34 (1961). 

Some observations on growing crystals of argon, L. H. Bolz, 
H. P. Rroida, and H. S. Peiser, Acta Cryst . 15, No.8, 
810- 812 (Aug. 1962) . 



M ethods and tec hniques of low a nd very low freq uency 
moni to rin g at Bou lder Lftboratories , A. H. Morgan and 
D . H . Andrews, Consultative Committee for D efinition of 
t he Second Interu . Comm. on Weights and M eas ures, 
Apr. 11- 12, 1961, pp. 1- 10 (Jun e 1961). 

Phys ical measurement: Pilot of progress , A. V. Astin, Steel, 
p . 112 (Ju ly 23 , 1962). 

Vacuum photo l y~ i s of solid ethane at 77 oK, M. D. Scheer, 
J. M cNesby, and R . Kle in, J. Chem. Phys. 36, No. 12, 
3504- 3505 (June 1962). 

Geo magnetic a nd solar data, J. V. Lincoln, J . Geophys . 
Res. 67, No.5, 2035- 2038 (May 1962) . 

Supporting evidence for so lar flare effects in the Ji' region of 
t he ionosphere, R . Vi. Knecht and K. Davies , Nature 192, 
No. 4800, 348- 350 (Oct. 28, 1961) . 

D E'pe ndence of in te rval between fl are and associated s udden 
commencement storm on presto rm conditions, M. W . 
Hau rwi tz , J. Geophys. Res. Letter 67, 2979- 2982 (July 
1962). 

The application of NMR in determination of the structure of 
c.vclanols , J. The struct ur(1S of cyclohexane-l,3-diols, 
H. Finegold and H. Kwart, J. Organic Chem. 27 , 2361 - 2365 
(1%2) . 

Spectrophoto fllloromptrie studies of degraded co tton cellulose, 
S. D. Toner and K F. Pli tt, T appi 45, No . 8. 681- 688 
(Aug. 1962) . 

Algor.ithm and rapid binary di v ision, R. S. Lr dley a nd J. B. 
Wilson, IRE Trans . Elcctroni c Compute rs EC- I0, No.4, 
662- 670 (Dec. 1961). 

Opportunities in dental research, G . C. PafJe nbarger , J. Am. 
De ntal Assoc. 60, No.3, 413- 414 (Mar. 1960) . 

On the nature of equator ia l slant sporadic E, R . Cohen, K . L. 
Bowles and VV. Calver t, J. Geophys . Rcs . 67, No.3, 965- 972 
(Mar. 1962). 

E lementary statistical dcsign, W. J. Youdc n, Conf. on 
App lications of Statistical Methods in the Chemical 
Industry, Feb. 4, 1961 (Sponsored by Am. Soc. for Quality 
Control, Metropo li tan Section , Seaton Hall University, 
South Orange, N.J. ) , p. 43 (1961). 

Dielectric loss in " non-pola r" polymcrs, A. J . Curt is, J . Chem. 
Phys. 36, No. 12,3500 (June 15, 1962). 

Mobi li ties of posit ive ions in argon, E. C. Beaty, Proc. Co nf. 
Ionization Phenomena in Gases, Aug. 28- Sep t. 1, 1961, 
Munich, Germany, p. 183 (North Holla nd Pub!. Co., 
Amsterdam, The Netherlands, 1962). 

Correction to " doppler studies of t he ionosphere wi th vertical 
in cidence," K. Davies, Proc. IRE 50, No.6, 94 (June 1962) . 

E lectron photo-de tachment from ions and clastic collision 
cross scctions for 0 , C, Cl a nd F , J. V\T. Cooper and J . B 
Martin, Phys. Rev. 126, No.4, 1482 (May 15,1962). 

The followin g a r t icles wcre presented before the 1961 
Cryogenic Enginee ring Conference an d published in the Book, 
Advances in Cryogenic Engineering 7 (Plenum Press, Inc. , 
New York, N .Y. , 1962) : 
A cryos tat for tensile t ests in t he temperature range 300 ° to 

4 OK , R. P. R eed, Papcr K- 3, 448- 454. 
A method of measuring shear modulus from -424 0 to 70 OF, 

R. P. Mikesell and R. M. McClintock, Paper K- ll, 509-
513. 

An e lectrically controlled guarded flat plate calorimeter, D . 
C]jne and R. H. Kropschot, Paper L--5, 534- 538. 

An experimental investigation of the individual boiling and 
condensing heat transfer coefficients for hydrogen, D. E. 
Drayer and K . D . Timmerhaus, Paper J- 6, 401- 412. 

Dry gas operation of ball bearings at cryogenic temperatures, 
L. E. Scott, D. B. Chelton, and J. A. Brennan, Paper G- 3, 
273- 276. 

Low temperature characterist ics of some commercial thermo
couples, R. L. Powell and L. P. Caywood, Jr., Paper L- 2, 
517- 521. 

Martensitic transformation products and mechanical proper
ties of austenitic stainless steels at low temperatures, 
C. J. Guntner and R. P. Reed, Paper K- 9, 500- 502. 
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On t he bulk density of boilin g liquid oxyge n, R ... w. Arnett, 
Paper F- 4, 214- 218. 

Te mperature dependence of magne tic losscs, J. J . Gnicwek 
and R. L. Powell, Paper H - l , 303- 310. 

Testing of ball bearings with five differen t separaLol' mate ria ls 
at 9200 RPM in li quid nitrogen, J. A. Brc nn a n, W . A. 
Wilson, R . Radebaugh, and B. W. Birmingha m, Pape r G- 2, 
262- 272. 

The application an d behavior of e lasto mcrs a t cryogen ic 
temperatures, R. F. Robbins, D. H. Weitzel, a nd R. J 

Herring, Paper H- 6, 343- 352. 
The application of gas-lubricated bearings to a minature 

helium expansion turbine, B. 'vV. Birmingham, H. Sixsmith, 
and W. A. Wilson, Paper A- 4, 30- 42. 

The e fficiency of an ideal refri gerator, R . B. Jacobs, Papcr 
L--ll, 567- 571. 

The folio wi ng papers were published in t he Book: 
Analytical Chemistry of Polymers, Parts II and III (Book), 

Ed. G. M. Kline (Vol. XII of High Polymcrs Series, Inter
science Publ. , New York, N.Y., 1962) : 

Part II. Analysis of molec ular structure and che mical 
groups . 619 pagcs. 

I. Molecular weights and s i ~es, S. G. ·Weissbe rg, S. 
Rothman, and M. Walcs, pp. 1- 77. 

II. X-ray diffraction , A. S. Posne r, pp. 79- 108. 
III. Optical methods, A. F. Forziat i, pp. 109- 157. 
IV. Differential the rma l analysis, H. E. Kissin gcr and 

S. B. Newman, pp. 159- 179. 
V. Pyrolysis, L . A. Wa ll, pp. 181- 248. 

VI. Mass spectro metry, L. A. Wa ll , pp. 249- 268. 
VII. Ultraviolet spectrophotomctry, M. Tyron and E. 

Horowitz, pp. 269- 289 . 
VIII. Infrared sp ectrophoto metry, M. Tryon a nd E. 

Horowitz, pp. 291- 333. 
IX. Fluo rescence, A. F. Forziati, pp. 335- 357. 
X. Chromatography, J . M . Casse l, pp. 359- 404. 
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