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An admittance me ter technique may be used in evalua ting and comparing accurately and con· 
ve nie ntly the complex permeability of magneti c materi als from 30 MHz to - 100 MHz. The ad mittance 
meter has three coaxial lines fed from a common source at a common junct ion point , two lines be ing 
terminated by s horts a nd the third by son. The c urre nts in the lines are detected by three elec trica ll y 
connec ted pa ralle l loops each loca ted close to the co mmon junc tion point of Ihe lines. The loops are 
adju s table to one minute of rota tion and follow close ly a sine la w. The complex permeability of a sa mple 
is derived from measurements with a sample in and out of one of the s horted coax ial lines. The esti · 
mated e rro r from 30 MHz to 100 MHz is fro m - ] to - 10 percent fo r sa mpl e ind uctance from 3.' 10- 9 

to 10- 7 H and sample res istance 5. 10- 1 to 10'0,. Error of inductance is - 1 percent fro m 30 MH z to 
200 MHz fo r low·loss samples using ca li brated sa mple data. Us ing prec is ion son, low·contac t res istance 
lines, the sa mple impedance e rror a tta inable is es timated as - 1 percent fo r the a bove limits of imped· 
a nce and measureme nts can be extended to a bove 100 MHz. The equa tions for the inductance a nd the 
resis tance of the sample are expressed in terms of ca li brated values for the settings of two loops, the 
calibrated res is tance valu e of the son termination , the ca librated or ca lc ulated im pedance co mpone nts 
of th e sa mple line, and the inducta nce of a n equi va le nt air core. 

Key Word s: Admi ttance meter, a ttenuation calibration, lossy magneti c materials, magneti c measure· 
ment methods, pe rmea bility, rf magne ti c materials, VHF bridge , VHF magneti c mate ri als . 

Definitions of Symbols 

YJ = Line 1 admittance terminated by a short. 
Y2 = Line 2 admittance terminated by 50n. 
Y3 = Line 3 admittance terminated b y a short. 
KJ = Rela tive loop output whi c h is a function of the angle of loo p ro tation in the corresponding 

numbered line. 
K2 = Same as above. A primed symbol r efers to data with a sa mple in line 3. 
K3 = Same as above. A primed symbol refers to data with a sample in line 3. 
L = Sample inductance. 
R = Sample resistance . 
w = Angular frequency. 
L3 = Inductance of line 3 without a sample inside. 
R2 = Resis tance of line 2. 
La= Calculated induc tance of an equivalent air core . 
R3 = Resistance of line 3 without a sample inside. 
p: = Real component of initial permeability. 
p:' = Imaginary component of initial permeability. 

tan 0 = p:'/ J-t ' = R/wL. 

· Radio Physics Division, Radio and Microwave Materials. Boulder , Colo. 80302. 
··Radio Standards Engineering Division, HF Electrical Standards, Boulder , Colo. 80302. 
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1. Introduction 

A technique based on the principles of a familiar admittance meter [1] 1 may be used in evalu­
ating and comparing accurately and conveniently the complex permeability of magnetic materials 
from 30 MHz to - 100 MHz. Such an instrument is relatively simple to calibrate; and, utilizing a 
null method, "lossy" materials are easier to evaluate than they would be if resonant cavity tech­
niques were used. The technique is evaluated and data discussed. 

2. The Admittance Meter and Its Calibration 

The admittance meter discussed here (see fig. 1) has three coaxial lines fed from a common 
source at a common junction point, two lines being terminated by shorts and the third by 5011. In 
the commercially available model one line is terminated by its characteristic impedance (50 11), 
another by a reactance, and the third by the unknown admittance. The current in each line in these 
instruments is sampled near the common junction point by a loop through the mutual coupling 
between the loop and the center conductor of the line. The mutual coupling which closely follows 
a sine law, is adjustable by rotating the loop about an axis perpendicular to the center conductor 
of its respective line. The outputs of the loops are connected in parallel and fed into a sensitive 
tuned null detector. 

The experimental model used in the technique described here was originally designed and 
constructed at NBS for use in some very special rf power measurements, and a more stable instru­
ment with better impedance matching could easily be designed to better meet the needs required 
in the technique under discussion if the time and funds were available. Nevertheless, in spite of 
some difficulties, the technique was adequately evaluated and found to have merit. 

In order to explain the measurement technique and loop calibration, the basic equations for 
the admittance meter are developed and discussed. As shown in figure 1, the two shorted lines are 
designated as 1 and 3, and the 5011 line as 2. The currents in lines 1, 2, and 3 are 

Gen. 

FIGURE 1. Schematic of the admittance meter circuit used. 

I Figures in brac kets indicate the literature references on page 87. 
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The outputs of the loops are, respec tively, 

where the proportionality constant K is a function of the angle of loop rotation. Th e functional 
relationship is to a close approximation, K = k sin e. The three outputs are combined and the K's 
are adjusted for a null where 

VI +V2 +V3= 0 

and hence 

(1) 

The KI values fo r the instrument used are proportional to the sines of angles of + 90° to - 90°; 
K 2, from + 5° to - 90°; and K3 fro m - 5° to + 90°. Angles are adjustable to one minute of rotation. 

Measurements of a sample can be made by (1) holding KI constant and adjusting loops 2 and 3 
for the conditions with and without a sample in line 3, or (2) a sample in one line can be compared 
with a sample in the other coaxial line . We chose to use method (1). Method (2) is especially useful 
if the two coaxial lines are identical both electrically and physically. 

It can be shown (see appendix A) that the equations for the inductance and the resis tance of a 
sample in line 3 are 

(2) 

_ - (K;/ K:l)((K~ - K2) / K3 )( I / R2) 

R - ((K~ - K2)/ K3)2(1/ R 2)2 + (l/wL3)2 - R3 
(3) 

when the following ass umptions are made: 
1. K1Y1 = constant during the measurement with a nd without a sample in line 3. KI may have a 

wide ra nge of values. Setting loop 1 determines the se tting of loop 3 a nd vice ve rsa. 
2. R 2 = 50 n and its VSWR = 1.005. See appendix A. 
3. Precision 50 n lines with low contact resistance terminations are used. The lines used did 

not have these charac teristics; therefore, the term R3/w 2£5 should be added to - ((K~ - K 2 ) / K 3)(I / Rz) 
whenever this expression appears in eqs (2) and (3). See appendix A. In addition to the correc tion 
fromR 3 , other corrections for transformed impedances should be made. Howe ver, none were 
necessary for the accuracy of the data in this paper. 

For a low·loss sample where wL ~ R, we can simplify the equations to 

(4) 

(5) 

when the expression ((K~ - K2)/K3)2(l/Rz)2 ~ (l/wL;I)2. As in assumption 3 above , R3/W2Q must be 
added to - ((K~ - K 2)/Ka) (1!R2) in eq (5). If L and ROof a high- or low-loss sam ple are known , one can 
find L3 and R3 using eqs (2) and (3) or (4) and (5). L ;l can also be calculated from the dimensions of 
a precision line. 
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Finally, the complex permeability is (using the Land R values of eqs (2) and (3) or (4) and (5)): 

and the loss tangent 

IL' 
L 
La 

R 
wLa 

/I R 
tan 8=!!:.-=-· 

JL' wL 

(6) 

(7) 

(8) 

Calibration of the loop outputs shows they closely follow a sine law, deviating somewhat when 
the angles are <: 10°. "Calibrated values" include the relative outputs of the loops to each other. 
In general data are a little more accurate using a sine law and the relative output calibration. 
However, results on samples reported in this paper come from completely calibrated loop data. 

Calibration of the voltage output of the loops is performed using the circuit shown in figure 2. 
To a first order approximation, the voltage in each loop is proportional to the admittance in the 
corresponding numbered line. 

A signal in Branch 1 is matched to a signal in Branch 2 by balancing a loop output to the atten­
uator output of opposite phase. This loop is terminated in 50 0. The two other loops are set to zero 
output and their corresponding lines to infinite impedance. The zero output angle of each loop is 
found electrically. 

Angles are calibrated by reading the angle to a resolution of one minute and the attenuator to 
± 0.001 dB accuracy. Voltage ratios are derived from measuring the decibel change from a refer­
ence angle. Calibration of the loop output may be calculated from the voltage ratios . Relative 
output is found by measuring the change in attenuation from one loop to another. 

Loop calibration was checked at 30 MHz using two 50 0 terminations accurate to ± 0.5 percent. 
They were compared to each other using lines 1 and 2, 1 and 3, and 2 and 3 with the loops set at 
several different angles , and generally agreed within 0.5 percent. 

The precision of loop 3 measurements when evaluating samples was - 0.1 percent, and for 
loop 2, - 1 percent for "lossy" samples. Sample data are independent of the loop angles used 
(except when they were close to zero). At 30 MHz, the input power was - 0.25 Wand at 100 MHz, 
-0.1 W. 

3. Interpretation of Measurements 

Using the instrument described and treating line 3 impedances as lumped circuit quantities, 
the estimated error from 30 to 100 MHz is from - 1 percent to - 10 percent for sample inductance 

BRANCH I 

LEVEL 
ADM IHANCE MATCHED 

- CONTROL ~ r- r--- SIGNAL - DETECTOR 
MONITOR METER DIVIDER 

8- BRANCH 2 

LEVEL 
STANDARD 

- PHASE 
f- CONTROL ~ i-

PI S TON 
SH I FlER OR 50.n. 

MONITOR ATTENUATOR 

FIGURE 2. Schematic of circuit used to calibrate loops . 

Standard piston attenuator used at 30 MHz only. 50 n attenuator used at 30 MHz 
and 100 MHz. 
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from 3 . 10- 9 to 10- 7 H and sample resistance 5 . 10- 1 to 1020. Error for indu ctan ce is - 1 pe rcent 
from 30 to 200 MHz for low-loss samples using calibrated sample data, fi gure 3. Using precision 
50 0 lines with low contact resistance terminations in place of the present lines, it is estimated the 
effect of the present mismatch could be reduced from the observed - 10 percent to - 1 percent. 
It is also estimated that measure me nts could be extended to lower resistances a nd higher 
frequencies. 

Low-loss sample data (,1- ' - 10 and tan [) - 10- 2) are shown in table 1 and figure 3. In table 1, 
sample inductance at 30 MHz, tlL = (f.-I-' -l)La, or from eq (4), tlL = (L - La), is compared to cali­
brated sample inductance values._ These are constant over the frequency range used. The sa m pJes 
were calibrated using an adjustable len gth precision coaxial line fun ctioning at a s mall fraction of a 
wavelength at low frequency and as a half wavelength cavity at high frequencies [2] . The losses, 
- 5 . 10- 30 , are not reported because of the poor precision in the contact resistance of line 3. 
Inductance data shown in table 1 agree within 1 percen" the estimated error of the cali brated 
samples. 

Figure 3 may be used to evaluate the inductance of low-loss samples from Loop data. A sample 
may be identified as having low loss by showing only a small change in loop 2 when placing a 
sam ple in line 3. Transformed line impedances cause the curves shown to decrease their slope 
with frequen cy. 
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. FIGURE 3. Calibrated inductance (JJ- ' - J)L. of low-loss samples versus [(K;/K,) - Jl, admit­
tance meter loop data of samples, at 30, 50, 100, 150, and 200 MHz. 

Table I data are used to get t1L. The graph may be used to find the permeability of a low-loss sample using ad mitl ance 
meter data. 

TABLE I . I nduclance data of samples using the admittance 
meter at 30 MHz compared to data using an adjustable length 
precision coaxial line (1 MHz) or coaxial cavity (100 MHz) for 
samples whose permeability is constant to several hundred MHz. 

Ind ue' anee M.~ j/,- L") ~ (IL'- W " 

Adjustable 
Adm itt ance length coaxial Coaxial 

Sa mple mele r* line (l MH z)*'" line or 
(30 MH z) or coaxial cavity 

cavi ty frequ~ncy 
(100 MHz)" 

1 3.05· 10- " H 3.03 . 10- ' H 1 Mfh 
2 3.27 3.27 1 MHz 
3 5.61 5.66 I MHz 
4 6.21 6.22 I MHz 
5 6.56 6.59 100 MHz 
6 9. 12 9.17 100 MHz 
7 12.25 12.25 100 MHz 
8 18.52 18.35 100 MHz 

'Using (L - L,,) ~ L,)(K;/K .J - 11. eq (4) of the text. Sample with I!.L ~ 5.87' 10-' H 
(l MHz) was used to calibra te I.-:\. ~ 

**6L=(IL ' -1)L". the change in lengt h of the line equ iva lent to the inductance change 
introduced by the sample placed at the end of the line. The cavity operates at 1/ 2 

wavelength. 
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High-loss sample data using the admittance meter and other techniques are shown in table 2, 
and figure 4, parts a, b, c , and d_ Techniques used for comparison to admittance meter data are the 
rf permeameter [3J (a calibrated transformer in which the sample is part of the secondary) on a 
Schering bridge or the Q-meter and the adjustable length coaxial cavity operating at a 1/2 wave­
length [21- Since the latter is a resonance technique, it is not particularly adaptable to measuring 
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FiGURE 4. Permeability (J-L') and loss tangent (tan () = J-L"/J-L') versus frequency (MHz) of lossy materials using the admit­
tance meter (A), the permeameter (B), and coaxial cavity (e). 

These data are also found in lable 2. 
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TABLE 2. Initial perm.eability (iJ- ' ) and loss tangent (tan 0= iJ-"/ iJ- ') of " lossy" materials 
using th.e admittance meter compared to oth.er techniques 

Equations (2), (3). (6). and (8 ) of the lext were used with the c hanges of eqs (2) and (3) indicat ed in assurnption 3 . 
T he La va lue ca lilm.ll cd al 30 j\ IH z was used for a ll the admittance meter data . 

Samp le 9 Sample lO Sample IJ Sample 12 
Frequency Me thod · 

J.L I an 0 I' Ian fj I' tan 5 I' Ia n 5 

30 m 'lz A 30.0 0.212 28.6 0.252 27.0 0.222 132 0.302 
B 30.4 .221 135 .3 10 
C 30.9 .206 

(28 MHz) 

40 A 29.4 .262 28.3 .327 26.6 .283 107 .605 
B 30.4 .281 **28.8 ** .349 **27.2 ** .296 109 .635 
C 29.8 .283 27.9 .390 27.0 .3 14 

SO A 28.2 .326 26.8 .43 1 24.9 .360 83.4 .819 
B 29.5 .345 84.8 .88 1 
C (I) 28.8 .332 26. 1 .371 85.7 .8 16 

(2) 28.7 .344 

60 A 27.0 .395 25.4 .543 24.0 .43 1 68. 1 .99t.J 
B 27.7 .406 **26. 1 **.566 **24.9 ** .442 68.3 1.03 
C 27. 7 .400 69.2 0.983 

lOO A 24.0 .640 15.6 1.22 18.9 .747 38.8 1.48 
B 
C (I) 23.2 .646 37. 2 1.47 

(2) 23.25 .666 39.8 1.36 

*j\tl e thod t\ - Admittance met e r. 
** Methud B - RF pc rmeamele r·Sc he rinl,! br id ~c or Q' mele r (the pe rrn ea mcte r is u cal ib rat ed trans form e r ill whidl 

I he s ample is pari of the secondary), 
fl le thod C- Adjus table length coaxial cavit y. See second fot)lnnl e of lable I. 

"lossy" materials. It is seen that th ere is re lativ ely good agree ment be twee n the admittance meter 
data and data using the other techniques from 30 to 100 MHz. At 100 MHz, the impedance transfor· 
mation affecting 11- ' and tan a va lu es of sample 12 in a precision 50 n line of equival ent le ngth to th e 
coupling loop is ~ 10 perce nt and ~ 5 percent, respective ly. It is pointed out that the 30 MHz 
calibra tion of £ 3 was used to 100 MHz. Th e agreement of the data is be tte r than the pe rce ntages jus t 
glven implyin g that so me errors cancel in the sys te m described. 

The authors tha nk Clarence C. Coo k and Robert A. Lawton for valuable di sc uss ions with 
them, and Leonard B. Schmidt for makin g some meas ure ments. 

4. References 

111 R. A. Soderm an, Impeda nce measure me nt s in the 50 to 2000 Mc range , Radio & Te lev is ion Ne ws 46, Radio·Eleclron ic 
Engin ee rin g Section, 3- 6, 25 (July 1951). 

[21 R. D. Harrin g ton , Cav il y lechniques for permeabilil y measurements in the VHF region, P roc . Electronic Co mpone nt s 
Conf.. 27- 29 (May 1955). 

131 R. D. Harrin gton and A. L. Ras mussen, Magneti c core permeabilit y meas ure me nt lechniques, Magnetic Core Conf., 
Proc . 7,1 ] - 24 (Jun e 1965). 

5. Appendix A 

Assuming lumped circ uit co nditions, eqs (2) and (3) in the tex t for the sam ple indu ctance (L) 
and sample res is tance (R) are derived as fo llows. KI and YI are held constant and loops 2 and 3 are 
adj usted for th e conditions with and without a sam pIe in line 3. 

Without a sample in line 3, we have 

(AI) 

With a sample in line 3, we have 

(A2) 
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Subtracting eq (AI) from eq (A2), we have 

where 

1 Y,=--­
- R2 + jwL2 

I 
Y3= R +. L 

3 JW:I 

R2 - jwL2 

R~ + W2L~ 

R3 - j wL :l 

R5 + w2L5 

(A3) 

(A4) 

(AS) 

(A6) 

Separating the real and imaginary parts in eqs (A4), (AS), and (A6) and substituting them in 
eq (A3), we have 

(A7) 

and 

L3 
K3 R2 + 2L2 o. 

:1 W 3 
(A8) 

From eqs (A 7) and (A8) we get 

K' (R3+R) 
3 (R3 + R)2 + w2(L3 + L - La)2 (A9) 

and 

K' (L3 + L - Lu) K3L3 
3 (R3 + R)2 + w2(L3 + L - La)2 R5 + w2L5 (A 10) 

Equations (A9) and (AIO) yield 

R3+ R L3+ L - LlI 

K3 m::2L5 (K~-K2) m:~2L~ K3 R~;~2L5 (K~-K2) m;~2L~ 
(All) 

Solving for (L3 + L - La) in eq (AlO) after substituting the expression for (R3 + R) found from 
eq (All), we have 

L3 + L - Lu = ( R3 

R5+ W2L5 

Substituting (L3 + L - La) from eq (A12) into eq (All) we get 
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If line 3 without a sample has low-loss, WL:l ~ R3 and wtL5 ~ R~, the latter being a correct 
approximation for e ven a lossy line; co nsequ e ntly , R:l and Rj may be neglec ted. 

If line 2 and Rt have a VSWR = 1.005, L2 and wtL~ may be neglected for R~ ~ wt lA. 
Therefore eqs (AI2) and (AI3) become 

K~ ( 1 ) 
Kl WLa 

K~ (K~ - K2) 1 -- --- -
Kl Ka R2 

which are eqs (2) and (3) in the text. 
It should be noted that if R3 cannot be neglected, but if W2Uj ~ R5 then 

R3 R:l 
R~ + w2L5 = w2L~ 

which is the approximation leadin g to the correc tion mentioned in assumption (3) in the tex t follow­
ing eqs (2) and (3). 

(P a per 72C I - 270) 
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in 10:' of the reading. The operation and an e rro r a na lys is a re de­
sc ri bed else where. 

Key Words: Manomete r, mic rome te r , U- tube, vacu um , med ium­
vacuum meas ure ment s. 

NBS standard fre que n c y and time se rvices, .'adio stations 
WWV, WWVH, WWVB , WWVL , Misc. Publ. 236, 1967 Edit ion 
(1 967), 15 cents. 
Deta il ed descriptions a re given o f e ight ' technica l se rvices pro­
vided by the Na tional Bureau of Sta ndard s radio s ta tions WWY , 
WWY H, WW YB , and W WY L. These se rvices a re: 1. S tandard 
radio freque nc ies; 2. S tand ard a udio frequ e nc ies; 3 . S ta ndard 
mu sica l pitch ; 4. S tandard time int e rva ls; 5. Time s ignals; 6. UT2 
correc tions; 7. Radio propaga tion fo recasts; and 8. Geophys ica l 
a le rt s. Tn orde r to provide users with the bes t poss ible se rvices, 
occasional c ha nges in the broadcas ting sc hedules a re required. 
T his publi ca tion s hows the schedules in e ffect on June 1, 1967. 
Annu al rev is ions will be made. Adva nce notices of cha nges occurring 
betwee n revi s ions will be sent to regul a r use rs of these services 
upon req ues t. Current data rela ting to sta ndard freq ue ncies and 
tim e s igna ls a re a lso a va ilable monthl y in the Time and Freque ncy 
Services Bull e tin. 

Key Word s: Broadcas t of sta nd ard freq uenc ies, high freq uency, 
low frequ ency, sta nda rd frequ enc ies, time s ignals, ve ry low fr e­
q ue ncy. 

Standard Reference Materials: Mossbaue r spectroscopy 
standard for the chemical shift of iron c ompounds, J. J. S pij ­
kerman, D. K. S nediker , F . C. Ruegg, and 1. R. DeYoe, Misc_ Pnbl_ 
26(}-13 (july 28, 1967), 40 cents. 
The prepa ration, ca li bra tion, and use of the Standard Refe re nce 
Mate ri al fo r che mical shift of iro n co mpounds in Moss ba uer Spec­
troscopy is descr ibed. This s tanda rd is a properl y ori ented single 
c rysta l of sodium pentac yanonitrosylferrate (II ) dih ydra te (sodium 
nitrop ru ss ide). Prim ary sta ndards were ca librated with a high 
accuracy optica l Mossba uer spectrometer a nd second ary ca libra­
tions we re made with a tande m Miissbauer spec tromete r. The 
midpoir. t between the two absorption peaks in the s pectrum at 
25.0 °C prov ide a useful veloc ity scale calib ration of the spectrom­
e te r. Descriptions of the spec trome te rs used a nd the e rror a na lys is 
assoc ia ted with the da ta are give n. Suggested forma t for reporting 
Miiss bauer spec tra and the ir pa rame te rs is a lso presented . 

Key Words : Mossbauer , spec troscopy, stand ard , d iffe re nti al che mi­
cal shift , quadrupole splitting, random error, syste matic error, 
sodium nitropru sside, iron compound s, optical Miissbauer spec­
tromete r, tande m Mossbauer spectromete r , ve loc ity ca libration. 
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Standard R'eference Materials : R e comme nded m e thod of 
use of standard light-sensitive pape r fo.' calibrating carbon 
arcs use d in testing te xtiles for colo,'fa s tne ss to light, E. P as­
sagli a and P. 1. S house, Misc. Pnbl. 26(}-IS (july 21, 1967),20 cents . 



The use of NBS light-sensitive paper and NBS booklets of stand­
ard faded strips in the standardization of fading lamps is described_ 
These lamps are used to de termine the fading c harac terist ics of 
textiles, and the light-sensitive paper is thus useful in standardizing 
this procedure. 

Key Words: Light-sensitive paper; Booklets of faded strips: fading 
characteristics: textiles ; fading standardization. 

Revision of the NBS tables of spectral-line intensities below 
2450 A, c. H. Corliss, Mono. 32 Supplement Uuly 7, 1967), 30 
cents. 
A calibration is applied to the intensity measurements of the 1400 
lines below 2450 A in the NBS Tables of Spectral-Line Intensities. 
Tables of the new values are presented with the lines arranged 
by elements and by wavelengths. 

Key Words: Atomic spectra, intensities , spectral lines , ultraviolet. 

Thermal-shock resistance for built-up membranes, W . C. Cul­
len and T . H. Boone, Bldg. Sci. Series 9 (Aug. 21,1967),20 cents. 
The resistance of bituminous built-up roofing membranes to ther­
mally induced forces is considered in terms of their strength prop­
erties such as breaking load in tension , modulus of elongation and 
apparent linear thermal expansion coefficient. The development of 
a Thermal-Shock Resistance Factor is described and values are 
given for three bituminous built-up membranes at temperatures 
of -30 eF (- 34.4 °C), 0 eF (-17.8 ec), 30 of (-1.1 ec) and 73 eF 
(22.8 ec) . The apparent relation between the values obtained in the 
laboratory and the observed performance of roofing membranes 
in service is considered. The utilization of the Thermal-Shoc k 
Resis tance Factor in the reduction of potential failures of bituminous 
built-up roofing membranes in service from thermally indu ced 
forces is also discussed_ 

Key Words: Development, roofing membrane, strength properties , 
thermally induced forces, thermal-shock resistance fac tor. 

The single-engine Claude cycle as a 4_2 oK refrigerator, 
R . C. Muhl e nhaupt and T. R. Strobridge, Tech . Note 354 
Uune 1, 1967), 45 cents. 
The performance of the 4.2 eK Claude-cycle refrigerator has been 
computed taking into account the efficiencies of the various com­
ponents. The results are presented in graphical form. These charts 
give the input power requirements, mass flow rates for both the com­
pressor and expander, pertinent temperatures, and allow selec­
tion of the optimum high pressure for a given set of component 
c haracteristics. 

Key Words: Claude, cyrogenics, refrigeration. 

Part 1. The solid system. II. Numeric compression, P.A.D. 
deMaine , K. Kloss , and B. A. Marron, Tech. Note 413 (Aug_ 15, 
1967),30 cents. 
This part of NBS Technical Note 413 describes the general NU­
MERIC COMPRESSOR (NUP AK) Algorithm for automatically 
compressing (encoding) or decoding compressed numerical infor­
mation, which may of course have come from graphical information. 
The amount of compression achieved is determined by the " lowest 
limit of significance," the range, and the sequential patterns of 
the data to be stored. The encoded information can be stored in 
memory or on external storage devices in a small fraction of the 
space normally required , and can be expanded (decoded) item-by­
ite m whenever needed by the syste m. 

Key Words: Numeric compression, information handling, high­
speed information transmission, information storage and retrieval, 
systems analysis. 

Part 2. The solid system. III. Alphannmeric compression, 
P . A. D. deMaine, K. Kloss , and B. A. Marron , Tech. Note 413 
(Aug. 15, 1967), 30 cents. 
An algorithm for compressing alphanumeric information is de­
scribed. Unlike other methods which depend upon frequ ency of 
occurrence of words in a particular class of publications, this 
scheme is language and content independent since the informa­
tion for compression is obtained from the text itself. The com­
pressed bit strea m is preceded by sufficient information for auto-
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matic reconstruction of the original bit stream whenever the sys­
tem requires it. Even with thi s additional information required for 
expansion, compress ion rates approaching 40% ha ve been achieved. 
Because this ALPHANUMERIC COMPRESSOR (ANP AK) is 
fully automatic and self-organizing, it can operate on information 
which has already been compressed via the NUMERIC COM­
PRESSOR (NUPAK). 

Key Words: Alphanumeric compression, information handling, 
high-speed information tran smission, information storage and re­
trieval, systems analysis. 

Determination of trace elements in standard reference 
materials by neutron activation analysis, C. W. Smith, D. A. 
Becker, C. J. Lutz, L. A. Currie, and 1. R. DeVoe, Anal. Chim. 
Acta 38,333-340 (1967). 
Neutron activation analysis with its high sensitivity and accuracy 
in trace analysis, is being used at the NBS for analysis of Standard 
Reference Materials. Problems affecting precision and accuracy 
have been encountered and solutions to four problems are discussed. 
First, the positive bias introduced by induced radioactivity of sim­
ilar gamma-ray energy was found in the determination of inter­
stitial argon in ultra-pure silicon. A decay curve resolution tech­
nique was used to compensate for the error. Secondly, errors due 
to differences in geometrical location between sample and standard 
during irradiation were observed. Flux gradients were determined 
by copper foil flux monitoring to give necessary means of correc­
tion . Thirdly, errors are caused by differences in neutron self­
shielding between sample and standard during irradiation. An 
empirical correction method was used and computer program 
written for calculation. Examples are given. Finally, the problem 
of aamma-ray atte nuation during counting of sample and standard 
has'" been explored. A theoretical and experimental study gives 
the necessary corrections. It is concluded that careful study is 
vital to assure accurate analyses by neutron activation analysis 
on trace elements in complex matrices such as many Standard 
Reference Material s. 

Key Words : Neutron, activation, analysis, trace, Standard Refer­
ence Materials , accuracy, precision, similar gamma-ray energy, 
decay c urve resolution, geometrical location, ne utron self-shielding, 
gamma-ray attenuation. 

Distillation as a tool for purification of research quantities 
of material, R . T. Leslie, Ann. N. Y_ Acad. Sci _ 137, 19-29 (1966). 
Distillation can increase the purity of nearly any vaporizable mix­
ture if sufficient effort is made. The method is invaluable for purifying 
relatively small quantities of material for research purposes. 
The selection of the proper still column for a particular problem can 
be based on a knowledge of the characteristics of a few basic types 
of columns. Some operating procedures which favor good results 
can be outlined in a general way, but testing of stills by the operator 
using mixtures whose behaviors can be predicted under various 
conditions is recommended. 
Some possibilities for the improvement of still columns is suggested_ 

Key Words: Distillation, material, purification of research quantities 
of materials, research quantities. 

Gas phase radiolysis of cyclobutane, R. D. Doepker and P . Aus­
loos, J. Chern. Phys. 44, 1641-1647 (Feb. 1966). 
The gas phase radiolysis of cycle-C4H B and cyclo-C,D, has been 
investigated in the presence of O2 , NO, H 2S , NH3, and several 
organic compounds. From the products formed, it could be inferred 
that the following fragmentation processes occur: 

C.H +8 -C3H~;+ CH3 

C.Ht - C2Ht + C,H. 
C.Ht - C2Ht + C 2H3 
C.Hit - C3Ht + ClL. 

At 20 torr, the ion pair yields which can be ascribed to some of these 
processes are lower than the corresopnding ion pair yields observed 
in the mass spectrometer at a pressure of 10-5 torr. 
When compounds such as NO (I.E. = 9.25 e V) or (CH3hN (I.E. = 7.8 
eV) are added to cyclobutane, butene (1.E.=9.13-9.58 eV) is 
a major product. On the other hand, when organic or inorganic 
compounds whose ionization energy is higher than that of butene 



are added to cyclobutan e, the yield of bute ne is, in most cases, 
negligibly small. The formation of butene can be tentative ly ac· 
counted for by a ring o pe ning of the' parent ion foll owed by charge 
tran sfe r. On the basis of thi s mechani sm, a minimum value of 
0.42 with an es tim ated possib le de via ti on o f ± 0.02 ca n be ascribed 
to M(C4Ht )/N. 
When an e lectrica l field is a pplied in th e sa tu ra tion c urrent region , 
during radiolys is of cyclobuta ne·NO mixtures, the yie lds of me· 
thane, ethane and butene which have the parent ion or fragments 
thereof as precursors, remain unc hanged . On the other hand, the 
yield s of produ c ts suc h as e thyle ne, a ll e ne, acety lene, and 1,3· 
butadie ne whose forma tion is, in pa rt , a ttributed to the decomposi· 
tion of neutra l exc ited molecules, are seen to increase due to in · 
c reased excitation by e lec tron impact. In the absence of an e1ec· 
tri ca l fi eld , the number of neutra l exci ted molecul e decompositions 
pe r ion pa ir is es tim ated to be "" 0.65 ± 0.05. 

Key Words: Cycloalkanes; ion·molecul ar reaction s; ion·pair yields: 
radiolys is; unimo lecular decomposition. 

Investigating ion-molecule reactions b y analyzing n e utral 
products fO"med in the radiolysis and photoionization of 
h yd"oc'"'bons, P. Au s loos, S. G. Lias , a nd A. A. Scala , Adv. 
Chem. Ser. 58,264- 277 (1966) . 
The anal ys is of neutral products produced in the radiol ys is and 
photoio niza tion of suitab le de ute rium labeled hydroca rbons or 
hyd rocarbon mixtures prov ides information concerning: a) th e 
relative ra tes of I-J+ , H- , Hi, a nd H,· tra nsfer reactions; and b) the 
struc ture of the reacting ion or react ion comp lex. The reac tion 
c ross sec tion of a given ion with variou s alka lanes is genera ll y seen 
to in c rease with inc reas ing pola rizability of the neutra l molecul e. 
The actual increase in ra te is, however, faster than that of the 
colli s ion c ross sec tion give n by the express ion: 2rre(0i/ iJ- )I/'. Good 
quantitative and qualitative correspond ence is seen between the 
information on reac tion s of parent ions o bta ined from gas phase 
radiolys is studies and that de rived from photo ionization experi· 
ments carried out at wave length s s lightl y above the ioniza tion 
energy of the molecule. 

Key Word s: Ana lysis of ne utra l products, ion· molec ule reac tions, 
neutral products, photoioniza tion of hydroca rbons, radiolys is and 
photo io nization of hydrocarbons. 

Microtextu"e and composition of reaction products in the 
sys tem kaoline-lime-wate r, W. C. Ormsby and L. A. Bolz , J. Am. 
Ceram. Soc. 49, No . 7, 364-366 (July / 966). 
T extural and co mpositiona l features of reac tion products in the 
kaolin·lime·wate r sys tem were exa mined by e lec tron mic roscopy 
and electron diffraction. Elec tron micrographs of rep licas of frac· 
ture surfaces of compacted mixtures and trans mission e lectron 
mic rographs of powdered co mpac ts showed conside rable attack 
of kaolinite pa rti c les b y hyd ra ted lime and indica ted the forma· 
ti on of signi fica nt amou nts of ca lc ium s ilicate hydrate phases. 
E lec tron diffraction of reac tion products confirm ed the presence 
of calc ium silica te hydra tes. The presence of these hydrates is 
undoubtedl y res ponsible for th e s tab ili zing effects of lime whi ch 
have previou sly been re ported in the lit erature. 

Key Words: Ca lcium s ilica te h ydra tes, co mpos ition , e lect ron 
diffraction: e lectron microscopy, kaolin.lime·water, microtexture. 

Microwave spectroscopy , D. R. Lide, Jr., Encyclopedia of 
Industrial Analysis 2, 60(}-611 (john Wiley & Sons, Inc., New 
York , N.Y., / 966). 
The expe rimental techniques used in microwave spec troscopy are 
described . A brief outline of th e theory of rotational spectra is given. 
The information on molecular struc ture wh ich can be ob ta ined from 
microwave s tudies is discussed. Some comme nts are made on the 
use of mi crowave spectrosco py in chemical ana lys is. 

Key Words: Che mical a nalysis , mi c rowave s pec troscO I)Y, micro· 
wave studies, molecul a r s tru c ture, rota tiona l spec tra , s pectra· 
rotati onal , spectroscopy· microwave. 

Mossbauer s p ect ro scopy : applications to aerospace, 
J. R. DeVoe and J. J. Spijke rman , Book, R adioisotopes fo r Aero· 
space, Part 2, Systems and Applications , pp. 254- 269 (Plenum 
Press , Inc., New York, N.Y., / 966) . 
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The principle of th e Miiss baue r Effec t will be di sc ussed. A few 
possible applications of the techniqu e with res pect to physics and 
engineering in ae rospace will be out tin ed. Of ~ rea t e r interest are 
th e possible app li cations of the te hniqu e for d e t e rminin~ chemical 
struc ture and solid state properti es of mate rial s. Sol id phase transi­
tions of materials subjected to seve re conditions simil ar to that 
exis ting in space can be meas ured by Miissbaue r Effect. 
The Nationa l Burea u of Standards' Miiss bau er spectrometer 
will be discussed and so me data taken on a number of mate ri a ls 
(such as tecktites, stee ls, glasses, and me ta l a ll oys) will be presented. 

Key Words: Aerospace, application s, mat e rial s s t ruc t u re ana lys is, 
Miiss bauer effect, SIJectrometer , s tand a rds . 

Needs of American Chemical Society m e mbe rs for property 
data, H. M. Weisman , J. Chefn. Doc. 7 , No .1 , 1(}- /4 (Feb. 1967). 
In August of 1965 the American Che mi ca l Socie ty, on beha lf of the 
NBS Office of Standard Refere nce Data, sen t a ques ti onn aire to 
its membe rship asking for information on th eir needs for co mpila· 
tions of c riti ca ll y eva lu ated data. Through thi s ques ti onnaire , the 
Office of S tandard Refe rence Data ob ta in ed information on the 
pre fe re nces and needs of the c hem ical profess ion for data com· 
pilations, and equall y importantl y, loca ted a s ubs tantial numbe r of 
co mpil a tion ac tivities of whic h it was not awa re. Furth e r, the 
Office of S tand ard Re fe rence Da ta ide ntifi ed dozens of indi vidu als 
who are both int e res ted and compete nt to und ertake add itional 
projec t s. Approxi mat e ly 16,000 replies were rece ive d. Ove rwhe l m· 
in gly. res ponse was th at prese nt compi lat ions of data sati sfy poorly 
or a t bes t onl y moderately the )'eq uirement s of th e me mbership of 
ACS. Th e survey ide ntifi ed the properti es wh ic h ACS workers 
most oft en sought in the lit e rature as we ll as those data compila· 
ti ons mos t often co nsult ed by respo nd ents. Many worthwhile 
co mm e nt s and s ugges tions we re cont ribut ed as to approaches 
ta ken, co mpilation pri oriti es and tech ni q ues of forma t and present a· 
ti on. 

Key Word s: American Chemica l Soc ie ty, chemica l a nd phys ica l 
properti es , co mpilation, data , NS RDS. Offi ce of S tanda rd Refe r· 
ence Datal ques tionnaire, s urvey, use rs. 

Radiation and photochemis try, P. Ausloos, Ann. Rev. Phys. 
Chern. 17 ,205- 236 (/966). 
A crit ica l rev iew of major pub lications on Photoche mi s try a nd 
Radiation Che mis try pub li shed in 1965. 

Key Word s: Photoche mistry , radiat ion c he mistry. 

S ublimation, E. C. Kue hner a nd R. T. Les lie, Encyclopedia of 
Industrial Chemical Analysis 3, 573- 584 (1966). 
S ublimation is cons idered ana logous to di s ti ll at ion a nd the ir advan· 
tages are compared. Methods of sublim at ion " nd types of sublima· 
tors are discussed. A sec tion on sub li mation a na lys is is inc luded 
in whi ch characte ri sti cs of a so li d subs tance, s uch as co ndensa tion 
te mperatures, are app lied to the ide ntifica tion and q ua ntitative 
analysis of mate ri a l. 

Key Words: Ana logous disti ll ation , ana lys is·sublim a tion, concle nsa· 
tion te mperatures, so lid su bs tance, sublim ation, s ublim ato rs. 

Simultaneous d e termination of co pper and zinc in human 
lung tissue b y neutron activation analysis, R. C. Keenan, 
J. H. Marc us, and J. R. DeVoe, Am. Ind. Hygiene Assoc. }. 27, /28-
134 (Mar.-Apr. 1966) . 
Certain trace e lements including co ppe r and zinc a re constitu e nt s 
of numerous e nzymes and fun c tion as essent ia l catal ysts in bio· 
syntheses. The expanded inte res t in these s ubstances has s uppli ed 
a demand for mi croanalytical techniques of inc reased sensitivit y, 
accuracy and precision if meaningful conclu sions are to be de rived 
from the ana lyti cal data. This paper shows that good precision 
may be realized in the activation analys is of complex biologica l 
specimens with only a few one·s tep chemica l se paration s. 
The nuclear reactions CU"3 (n, y) Cu '" (12.8h) and Zn"" (n, y) Zn H!Hn 
(13.8h) we re used for the analysis . The sa mples were irradiat ed in a 
the rmal neutron flux of 10 '3 n/c m"/sec. The co pper was ex trac ted 
as the ace tylacetonate into chloroform from an acetate sys tem buf­
fered at a pH of 4.75. The remaining aqu eo us phase was extrac ted 
wit h chloroform to re move mos t of the ace tylacetone di sso lved in 



the aqueous phase. The zin c was extracted as the dithi zonate into 
chlorofor m and was back-extracted int o 1 % H CI for counting. Careful 
int e rnal s ta ndardization was used for correction of res ult s for varia­
tion in chemical yield s . 
Applications of the method to the simultaneous dete rmination of 
co pper and zinc in lung samples provided values of the same orde r 
of magnitude as those repo rt ed by Tipton and Cook for U.S . adult s 
us ing em ission-spectrograp hic procedures which were be tween 7 
and 10 ppm for coppe r and 40 and 70 ppm for zin c. Comparison of 
the precision of thi s method with that of emiss ion spec troscopy 
indicates tha t thi s ac tivation technique has at leas t three times bett e r 
prec ision. 

Key Words : Biosynth esis, ca ta lys is in biosynthes is, copper, human 
lung tissue, lun g ti ss ue, neutron-ac ti vation ana lys is. 

Systematic errors in "recovery" and "detection" efficiency 
as related to radiochemical analysis, L. A. Currie, Proc. 11th 
Annual Bio-Assay and Analytical Chemistry Meeting, Albuquerque, 
New Mexico, Oct. 7- 8, 1965, AEC No . 651008 , pp . 35 (Clearinghouse 
for Federal Scientific and Technical Information , Springfield, 
Va., 1967). 
Evidence of sys te matic error in the assay of thorium arose when 
the chemical yie ld from a biologica l sample seemed to depend 
upon the detection method. When a-coun ting and s pec trophotom­
e tr y were app li ed to diffe rent a liquots of the sa me sa mple, followin g 
c he mical purification , the di scordant che mical yie lds point ed to 
variations in detec tion e ffi ciency. The diffi c ult y arises because 
dete rmination of the che mical yie ld is based upon the known 
di sintegration rat e of a "s pike" which has bee n chemica ll y proc­
essed , and upon the detection e ffi ciency, whic h is generall y de ter· 
mined by means of a s tand ard whi ch may not have been chemicall y 
processed. Thus , if the nature of the original sa mple or the res ult ant 
mate rial in any way inAue nces the final det ection effi c ie ncy, the 
calc ulat ed recovery and it s re lative varian ce mu st be incorrec t. 
Syste matic e rro rs in recovery a nd de tec tion e ffi cie ncy may be 
e limina ted in one of two ways: (1) direct measure me nt of the "over­
all" yie ld - the product of chemical yield and de tect ion efficiency, 
(2) acc urate determin ation of both the che mical yie ld and the 
detec tion effi c iency by suc h methods as isotope dilution and inte rna l 
(effic iency) monitoring, respec tive ly. Experim enta l illu s tra tions 
are give n for ana lyses of thorium and of ca rbon-14. 

Key Words: Radioche mical analys is , bio·assay. sys te mat ic e rrors, 
random errors, thorium chemi cal yie ld , detection e ffi ciency , " over­
all" yield, iso tope dilution, carbon-14. 

The crystal structure of sodium tetra borate, A. Hyma n, A. 
Perloff, F. Maue r, and S . Block, Acta Cryst. 22 , No. 6, 815- 821 
(June 1967). 
Single c rys ta ls of sodium te trabora te, Na,O'4B,O", have been 
syn thesized and studi ed. The s tru cture has been de termined us ina 
the method of symbolic addition. The space group is P2,fa with 
unit cell dimensions: a = 6. 507 ± 0.001 , b = 17.796 ± 0.002. c = 8.377 
± 0.001, and ,B = 96°34' ± 2'; Z = 4. The stru cture consists of two 
infinite, independent , a nd inte rlinking boron -oxyge n ne tworks, each 
con taining a lternating single and double rings. The sodium atoms 
se rve to hold the ne tworks toge ther th rough coordination with 
oxygen atoms. 

Key Words: Boron·oxygen ne tworks, double ring, sodi um tetraborate. 

Thermal dec omposition of 4,4-dimethylpentene-l in a 
single-pulse shock tube, W. T sang, J. Chem. Phys. 46, No.7 , 
2817-2822 (Apr. 1, 1967). 
4,4.Dimethylpentene- l has been pyrolyzed in a s ingle pulse shock 
tube. The initial process is a pparentl y the breaking of th e a ll ylic 
carbon·carbon bond. T he ra te express ion for the react ion, 

has been found to be 

k = 10 15 .• exp (- 65.500/RT) sec - I. 

Assuming no ac tivation e nergy for the reco mbina tion process thi s 
leads to a valu e of 12 kcal for the a ll yli c resona nce ene rgy. 
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Key Words: 4 ,4·dimethylpentene-l , allyl radicals, t-butyl radicals, 
the rmal deco mposition , bond e nergy, a ll yli c resonance energy. 
s ingle pu lse shoc k tube, l·bute ne, 4-methylpentene- l. 1,5 hexadiene. 

Two National Bureau of Standards data centers: chemical 
kinetics and mass spectrometry, D. Garv in and H. M. Rosen· 
stock. J. Chem. Doc. 7, No .1 , 31- 34 (Feb. / 9671 . 
Two current info rm ation retri e val ce nte rs , one for che mica l kine tics. 
the othe r for mass spectrome try a re desc ribe d. Th e methods and 
ph ilosophies of operation of th ese programs are compared. Th e 
role of s peciali zed information sys te ms in promotin~ da ta eva lu at ion. 
the evaluation of their usefuln ess as sources for reference mate ri a l. 
the choice of techniques and poss ibilities for int e r-cent e r cOOl·dina· 
ti on are di sc ussed . 

Key Words: Che mical kine ti cs , mass s pectrom etr y. infor mation 
ret ri eval. 

A new ultra-low-frequency brid~e for die lectl'ic m e a sure­
m e nts , W. P. Harris, 1966 Annual Report , Conf Electrical InsuLa­
tion and DieLectric Phenomena , National Academy of Sciences ­
National Research Council, Mount Pocono , Pen nsylvania, 11)66, 
pp. 72- 74 (1 967). 
This is an abs trac t of a ta lk given at the NAS- NRC Confe re nce on 
E lectri ca l In sulation and Diel ec tri c Phe nomena at Poco no Manor. 
Pennsylvania. October 4, 1966. It is to be includ ed in the Annual 
Re port of the Conference. 

Keys Words : Bridge. di electri cs , dielec tri c meas urement s . e lectrica l 
measureme nts, low frequ ency measurements, e lec trical, measure· 
ment s, di e lec tri c. ultra low fre qu e ncy. 

A 100 Mc/s 2 out of 3 gate, J. K. Whittaker, Nucl. Instr. Methods 
45, No. 1, 138- 140 (Nov. 1966). 
A ze ro-cross in ~ type of discriminator with a ve ry wide dynamic 
range and a short dead-time is desc ribed. When used wi th a 56 AV P 
photomultiplie r wi th a linear dynode res is tor chain. a li ght a mplitude 
va ri ation of a t leas t 125:1 may be accommodat ed. The re lative tim e 
shift of th e ou ljJU t di sc riminator pulse is then on ly 200 p. s . 

Key Words : Di sc riminator. ze ro-c ross ing. wide- ra ng:e , lim e- in variant. 
picosecond , reso luti on. 

A single axis, two crystal x-ray instrument, R . D. Deslattes, 
Rev. Sci . 1nstr. 38, No.6, 815- 820 (June 1967). 
Des ign features of a two c rys tal in s trument ca pable of meas ure me nt s 
(If diffrac tion a ngles to of the o rde r of 0.1 a rc second a re present ed. 
The instrument is of s impl e geometry, employs a stable and mass ive 
chass is a nd de rives it s prec is ion from compon ent s o f ~e n e ra l avail ­
ab ilit y. Diffrac tion angles are gene rated in 1° inc rement s by a pre­
c ise indexing mechanis m and int e rpol ated by mea ns of a sine a rm 
d ri ven by a mi cro mete r. 

Key Word s: X-ray spec trometer, do ubl e c rys tal in strum ent. precise 
~o niometry . 

A testing and rating method for refri~erated trucks with 
respec t to cooling load, P. R. Achenbach , C. W. Phillips. and 
R. W. Pe nn y, Annex to Proc . lntem . Inst. Refrigeration, COIIIIll. 
VII , pp . 29- 35 (London , England, Sept. 1966 ). 
A testing and rating method for refrige rat ed de live ry trucK s has 
been developed unde r the sponsors hip of the U.S. Depa rtm ent of 
Agriculture and the Truc k Bod y and Equipm e nt Associa tion . The 
method is app licabl e to ins ul ated vehic les used for short -hau l 
de li ve ry of frozen food at a low tem pera ture or fresh produ ce at 
a medium temperature. It invo lves a meas ure me nt of the s tead y· 
s tat e transmission of hea t from ambient a ir to ca rgo space und er 
selected conditions of test and the use of a correc tion factllr fill' 
the effect of so lar radiation on a stationary ve hi cle. The essential s 
of the tes ting and ra ting procedure and of the laboratory s tudies 
ca rried out to deve lop the procedure a re described. 

Key Word s: Air leakage , cooling load. refrige ra ted tru c ks. so la r 
heating, tes ting and rat ing me t hods. 

A two-crystal, vacuum monochromatol', R. D. Des la ttes. Rev. 
Sci. Instr. 38, No.5, 616-620 (May 1967). 
Des i~n and construct ion of a vacu um two cr ys ta l in s trum ent fill' 



high resolu tion spectroscopy at long wavelengths is reported. The 
ins trument provides for coordinated rota tion s of both crystals 
source and detector. The usable scan range i's 8° in Bragg angle 
and is limited only by the charac te ri s ti cs of the tangent drive 
sys te m. 

Key Words: X·ray s pec tromete r , vacuum instrume nt , double crystal 
ins trum ent. 

Air-to-air heat pumps for military housing, P. R. Achenbach, 
Military Engr. 384, 270 (July-A ug. 1966). 
The National Bureau of Sta ndards has performed laboratory and 
fi e ld s tudies of elec tri c air·to·air heat pumps as a part of the tech· 
nical investigations sponsored by the three agencies of the Depart· 
me nt of Defense. These s tudies have developed information on the 
coeffi cient of performance and heating and cooling capacities of 
typical sys te ms used for res ide ntial a pplications, design data useful 
for es timating e nergy usage and maximum power de mand for 
s imilar installations, some information relative to the unexpec tedly 
high rate of motor ·compressor failure, a nd comparisons of the 
a nn ua l cos t of year·around a ir conditionin g using heat pumps and 
gas hea ting syste ms com bined with conve ntional a ir conditione rs 
for cooling. The annual cost of heating and cooling these military 
houses with air·to·air heat pumps averaged about $100 for a unit 
e lectri c energy cos t of 0.8¢/k Who 

Key Word s: Air· to·a ir heat pumps, res ide ntial aIr co nditioning. 
ene rgy lI sage, annual e ne rgy cosl. 

An improved transportable 10 picofarad capacitor, R. D. 
Cutkos ky and L. H. Lee, Proc. 11 ' Session, Cornite Con. D'Elee· 
{ricite, May 10- 12, 1965, pp. 65- 66 (May 1965). 
By des ign modifica tions im provement s have been achieved in the 
pe rformance of lO·pF ca pac it ance standards with fu sed sili ca 
die lec tri c as regards voltage dependence, shock se nsitivity. and 
sta bilit y of va lu e. It is sugges ted that s tanda rds of the new design are 
su itable for interlaboratory co mparisons of the unit of capacitance. 

Key Words: Capac ita nce s tand ards, fused sili ca die lec tri c, pico· 
farad ca pac itor, s hoc k sensitivity, s tability o f value , ten picofarad 
capacitor , transpo rt ab le te n picofarad capac itor, unit of ca pacitance, 
volume depe ndence. 

Comparison of the Hall-P e tch parame ters of zone -refin e d 
d e termined by the grain size and e xtrapolation m e thod s, 
B. W. Chri st a nd C. V. Sm ith , Acta Met. 15 ,809- 816 (May 1967). 
The depende nce of the lowe r yie ld s trength of zone· refined iron 
containing 0.0020 wI. % (ca rbon plu s nitrogen) on gra in s ize has 
been investigated at room tempera ture. In Sl)ite of the rat her limited 
grain size variation possible with such pure metal , a meaningful 
determ ination of the Ha ll ·Pe tch pa rameters has been made by the 
grain ·size method: fri c tion s tres s - 2.5 kg/mm 2, Pe tch s lope - 2.4 
kg/mm:l{2. It is s hown that te ns il e data obtained where the grain 
diameter is comparabl e to th e minimum s peci men dimension should 
not be inc luded in the grain s ize method of ana lysis . . 
Analysis of tens ile data by the extrapo lation method produces 
Ha ll -Pe tch pa ramete rs which (1) are inte rnall y inconsistent , and 
(2) co mpa re unfavora bl y with res ults of the grain size me thod. It 
is co nclude d that the ex trapolat ion method in its present form is 
not an adequa te su bstitute for the grain size method of evalu ating 
th e Ha ll -Petch pa rameters of iron. 

Key Word s : Extrapolat iun methods, grain size, Ha ll ·Pet ch param­
eters. iron, zone- refined , parameters , zone·refi ne d iron . 

Discussion of the paper " flow in culverts and relate d design 
"hilosophies," .J. L. French, J. Hydraulics Div. Am. Soc. Civil 
Eng. 93, No. HY1 , 85- 91 (jan. 1967). 
An eva lu ation is made uf ce rtain conclusions advanced in a paper 
by Fred W. Blaisde ll. The paper, entitl ed " Flow In Culverts And 
Re lated Design Philosophies" appeared in the Journ al of the Hy· 
dra ulics Division, American Society of Civil Engineers. March 1966. 
The present pape r will form a di sc uss ion of Mr. Blaisde ll 's paper 
and wi ll appea r in a subsequ ent issue of the same publication. 
The I,resen t di scussion of Mr. Blaisde ll' s paper illus trates the use 
of tape red inle ts in the design of culve rts . The use of a minimum 
pe rformance c urve in th e design of c ulvert s is concluded to be 
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acceptable , notwithstanding certa in reservations advanced by Mr. 
Blaisdell. The concept of " ba lanced des ign" as applied to cu lverts 
is discussed in te rms of t he assess me nt of the ri s ks of hydraulic 
overloading to the various component parts of the s tructure and it 
is concluded that the design ra te of Aow for the c ulve rt and a struc­
ture or channel immedia te ly downstream of the c ulve rt need not be 
identical. And finall y it was s ugges ted th a t the ex perime nta l data 
so far presented have not de mons trated, beyo nd reasona ble qu es tion, 
tha t the performance assigned to the hood·inlet is app li cable at 
prototype size as well as a t model s ize. 

Key Words: Culverts, hydrau li cs, tapered inlets, hood inle ts. 

Five years of VLF worldwide comparison of atomic fre­
quency standards, B. E. Blair , E. L. Crow, and A. H. Morgan , 
Radio Sci. 2, No.6 , 627- 636 (june 1967). 
The VLF radio braodcasts of GBR(l6.0 kHz), NBA(l8.0 or 24.0 kH z), 
and NSS(21.4 kH z) have enabled worldwide compari sons of atomic 
frequency standards to parts in 10'0 when received over varied paths 
and at di stances up to 9000 or more kilomete rs . Thi s paper s um­
marizes a stati stical analys is of such comparison data from labora· 
tories in England, France, Sw itzerl and , Sweden, Russia, J apan, 
Canada, and th e United Stat es during the 5·yea r pe riod 1961- 1965. 
The basic data are differences in 24·hr average freq uen cies be tween 
the local atom ic standard and th e received VLF radio s ignal ex­
pressed as parts in 10'0. The a nalysis of the more recent data find s 
the receivi ng laboratory s tandard devia tions, c.;. and the transm iss ion 
standa rd deviat io n ,~, to be a few pa rts in 10" . Ave raging frequencies 
over an increasing number of days has the effec t of red ucing c.; a nd 
; to so me ex te nt. The variat ion of the c.; with propagation di s tance 
i s tudied. The VLF- LF long- te rm mean differences be tween 
standards are co mpared with th e recent port ab le c lock tests, a nd 
they agree to parts in 10". 

Key Words: Analys is of variance, a to mi c frequ ency s ta nd ard e rrors, 
portable c lock, V LF propagation. 

The Bi I-II transition pressure m easure d with a d ead-weight 
pis ton gage, P. L. M. Heyde ma nn , J. Appl . Phys. 38, No . 6, 2640-
2644 (May 1967). 
A dead piston gage was used to determine the Bismuth 1- 11 tra nsi· 
tion pressure and the vo lum e c ha nge a t the tra nsition. Th e transition 
l)reSS ure for one sa mple, be li eved to contai n less tha n .001% im ­
purit ies, was found to be 25,306 ± 60 bars. With anothe r sa mple, 
of s ubs tantially less purity and of larger grai n s ize, a transition 
pressu re of 25,500 ± 60 bars was meas ured . The average re la tive 
vo lum e change was .035. 

Key Words: Free pis ton gage. bis muth, polymorphic phase tran sition, 
transit ion press ure. vo lume change, high pressure. 

P erformance crite ria for building components and sys te m s, 
P. R. Achenbach, Proc. Porcelain Enamel Institute Forum, Uni· 
versity of Illinois, Urbana , Ill ., Sept. 28- 30, 1966, 28 , 176- 195 (1966). 
The Building Research Divis ion has condu c ted a number uf techni­
ca l in ves tiga tions whic h led to the development of new tes t proce· 
d'lfes for eva lu a ti ng the s ignifi ca nt pe rform ance require me nts of 
building components a nd sys tems. These in ves ti ga tions ha ve 
ty pi ca ll y produced perfo rm a nce data which coul d be used by ap pru­
priate organizat ions in es tab li s hing crit eria of acceptabil it y. Labora­
tory s tudies of this type have bee n comple ted on unde rgro und hea t 
distribution systems, duc ts for heating and air conditioning systems, 
and sa nitary plumbing fixtures and a s imilar s tud y is in progress 
on exterior wall sys te ms fo r res iden ti al buildings. In each of these 
studies the Building Research Divis ion has co ll a bora ted with multi ­
di sci l)line task g:roups of the Building Research Advisory Board 
of the National Academy of Sciences·Nat iona l Resea rch Council 
in developing the list of important performance charac te ri s tics in 
qualitative language. The work done on these projects is used to 
illus trate the seq uence uf activities req uired in developing per· 
formance c rit e ria , the importance of co ll abo rat ion a mung rep resent a­
tives of industry, profess iona l soc ieti es. codes and s tand ards 
organizations. and ~overnll1 e nt bodies in se l ec tin~ acce ptable 
pe rformance leve ls, the prob lems in vo lved in devi s in g adequate 
laboratory tes t procedures for buil d ing components made of wide ly­
differ ing mate rial s, a nd the incomp le te s tate of adminis trat ive 



procedures for implementation of performance criteria on a national 
sca le. 

Key Words: Performance characteri stics, pe rformance criteri a, 
building components, laboratory procedures, codes, sta ndards, 
spec ifications. 

Transistorized current stabilizer for x,ray tubes with di­
rectly heated cathodes, K. W. Yee and R . D. Deslattes, Rev. 
Sci. Instr. 38, No . 5, 637-638 (May }967). 
An instrument is described which stabilizes the emi ssion curre nt 
in x·ray tubes with directly heate d cathodes. Transistors are used 
in the amplifie r and loading circuit s. Emission currents from 20 mA 
to lA are maintained constant to within 0.1% for periods of about a 
half·hour. 

Key Words: Emission, curre nt , regulator , x·ray tube, controlled 
impedance, stabilize r. 

Computer aided typesetting, W . R. Bozman, Book , Advances in 
Computers, 7, ch . 4, 195-207 (Academic Press, Inc., New York, N.Y., 
1966). 
Several examples are given of typesetting prepared by a computer. 

Key Words: Photocomposition , typesetting, compute rs, printing, 
automation, publication. 

A comparator for thermal AC-DC transfer standards, R. S. 
Turgel, Proc. 21st Annual ISA Conference and Exhibit , New York , 
N.Y., Oct . 24-27, }966, ISA Preprint 12.3·}·66 (Oct. 1966). 
Thermal transfe r standards play an important role in precision a ·c 
meas ureme nts. They are ca librated by inte rcomparison with stand· 
ards of known ac·dc diffe rence. A co mparator is described that 
simplifies such routine calibrations. A sequence of null balances in 
the measuring c ircuit ope rates a simple analog compute r which 
indicates the result of the intercomparison directly in pa rts per 
million of ac·dc diffe rence. 

Ke y Words: A- C, D- C, calibration , transfer standard , thermoele· 
ment , intercompari son. 

Calibration of the NBS photoelectric pyrometer of 1961, 
R. D. Lee, Proc. 7th session, Comite Con. de Thermometrie, Paris, 
France, pp. 74- 78 (Sept. 24, 1964). 
Fac tors affec ting the reproducibility of the NBS Photoelectr ic 
P yrometer are listed , and progress in reducing these fac tors a re 
described. A calibration to realize the Inte rnational Prac ti ca l Te m· 
perature Scale (lPTS) above 1063 °C to 1256 °C is described. At 
present , the estimated uncertainty in realizing the IPTS is about 0 .1 
°C at 1063 °C, 0.2 °C at 1256 °C , and is predicted to be 0.8 'C at 2400 0c. 

Key Words: Calibration·NBS photoelectric pyrometer of 1961 , 
Inte rnational P ractical T emperature Scale , NBS photoe lectric 
pyromete r, photoelectric pyromete r·NBS, pyro meter, photoe lectri c· 
NBS. 

On long-term stability of Zener reference diodes, W. C. Eicke, 
Jr. , and H. H. Elli s, Proc. 1 Ie Session, Comite Con. D'Electricite, 
May 10- 12, 1965, pp. E-73-E-77 (May 1965). 
This paper gives a summary of a three year study of the sta bilit y of 
Zener Diodes either when operated intermittently or continuously. 
The diodes that were studied under intermittent use were in use for 
pe riods of 5 to 10 minutes with periods of two to four weeks be tween 
measurements . The diodes studied had normal voltage ranging from 
8.1 to 9.2. The s tudies were conduc ted at 25.00 ± °C. The studies 
indicated that the Zener voltage gave stable output voltage to within 
3 to 10 ppm over a three year period. 

Key Words: Diodes·refe rence, long·te rm stability, re fe rence d iodes, 
Zener reference diodes. 

Potential applications of the x-ray/density method for the 
comparison of atomic-weight values, R. D. Deslattes, H. S. 
P eise r , J. A. Bearde n, and 1. S. Thomsen , Metrologia 2, No . 3, 103-
111 (july 1966). 
Without presenting experimental de tail s, this re port outlines and 
reapp raises the principles involved in measurement of cr ystal 
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lattice parameters and density for the determinations of atomic· 
weight values . 
Attention is drawn to the advantages to be d erived from a compar ison 
of densities and lattice s pacings with those of a crystal of mono· 
nuclidic e le ments, rathe r than from absolut e measurements of x·ray 
spacings and density. 
Errors ari s ing from physical and chemical imperfections are dis· 
cussed as are the general techniques of adequa te precis ion for 
density and lattice spacings measure ments . 
Recent lite rature data is used by way of illus tration to derive the 
effecti ve atomic weight of calcium appert aining to a group of calc ite 
samples from tha t of a group of silicon crystals (really an unsuitable 
"standard"). The calcium value obtained is 40.0795 ± 0.0019 (prob· 
able e rror); it co mpares with IUPAC's adopted 40.08 and a " physical 
value" of 40.078 from nuclidic masses and isotopic abundance 
m~asurements. There are several e le ments fo r which the x·ray/ 
density method is judged to be potentially the most promising for 
atomic.wei~ht redeterminations in the foreseeable future . 

Key Words: Atomic weights, c rys tal dens ities , crysta l perfec tion, 
experime ntal me thods, lattice paramete rs. 

Review of e leme ntary theory of the photometry of projec tion 
apparatus, C. S. Douglas , Ilium. Eng. 62 , No.4, 246- 253 (A pr. 
1967). 
Equation s based upon s imple geo metri c re la ti ons are de ve lo ped for 
the illuminance produced by a projector such as a searchlight , 
beaco n, or floodlight at a di stance fro m the projector. When the beam 
is rota tionall y symmetrica l but not collim a ted and the image, virtual 
or real , subtends a smaller angle at the point of obse rvation than does 
the objective of the projector , illuminance varies inversely as the 
sq uare of the di stance to the image. If the angle subte nded by the 
image is larger than tha t s ubtended by the objective, the illuminance 
vari es inve rsely as the square of the distance to the objec tive. The 
di stance at which the two angles a re equ al is defined as the critical 
di stance. Equations relating c ritical di stance to the radius of the 
source, the radius of the objective, and the magnification of the 
sys tem are developed. Approximations for use when the beam of the 
projector is asy mmetric are de veloped. Ve ry good agreeme nt was 
found be tween the computed variation of illuminance with dis tance 
and the measured vari ation of illumina nce with di s tance for a 
projec tor forming a virtual image 150 fee t behind the objective. 

Key Words: Critical di stance, illumination , light projectors, photom. 
etry, photometri c di stance, signal lightin g. 

Statistical concepts in m e trology, H. H. Ku , Book, Handbook 
of Industrial Metrology, ch. 2, pp. 20- 54 (Prentice-Hall , Inc. , Engle­
wood Cliffs, N .j. , 1967). 
These two sections of the chapte r, s tati sti ca l concepts of a meas· 
ure me nt process and sta ti sti ca l a na lys is of meas ure ment data, a re 
part of the textbook Handbook of Industrial Metrology s ponsored 
by the American Socie ty of Tool a nd Manufactu ring Engin eers. 
Beginnin g wi th the diffe renti ation bet ween arith me ti c and meas· 
ure me nt numbers, the properti es of the latt er a re developed and 
described , lead ing to a d isc ussion of prec ision a nd accuracy at the 
end of the fi rs t sect ion. 
A basic kit of too ls fo r the co mparison and manipula tion of means 
and vari a nces are given in th e second sect ion, includi ng a co llec tion 
of pro pagation of e rror form ulas. The use of control chart techniq ues 
for monitoring stabil ity is e mphasized. E xamples a re given using 
actual calibration data of NBS. 
Selec ted refe rences are given fo r topics in trodu ced but not treated 
in deta il. 

Key Words: Indust ria l metrology, measurement process, s ta ti stic al 
ana lys is, statis ti cal conce pt s. 

The photome try of c olor ed lig ht , A. C. Wall , Ilium. Engr. 62, 
No.4 , 289- 242 (Ap r. 1967). 
The photosensitor of a photometer mllst be co rrec ted to have a 
spectral sensiti vit y as close as possi ble to the CIE photopic lumino us 
effi cie ncy fu nction. A correc tion·by·filt e r technique is describe d, 
ap plicable to photosens itors which are lI se d in the meas urement of 
"colored light." which. in thi s pa pe r, des igna tes light which has a 
spect ra l di s tribut ion diffe rent from that of the li ght with which the 
IJhotometer is calibrated . Th ree ty pes uf photosensitors with their 
associat ed auxi li a ry filt e rs we re investigated , as we ll as one type 



of barrier-layer cell with an integral filt e r. The photosensitors were 
first calibrated by exposing them to illumination from a lamp operat­
ing at 2854 oK Then , to test the adequacy of the spectral correction­
by-filter technique , twe nty-two 2-by-2-inch squares of colored glass 
whose luminous transmittance was computed from spectrophoto­
metric data were placed in turn in the light beam and readings 
proportional to the irradiance incident on each photosensitor were 
taken_ If the spectral correction were perfect, the ratio of the read­
ing obtained with the filt ered light to the readi ng with the unfiltered 
light would be equal to 1'" the luminous transmittance of the filter ob­
tained from the spectrophotometric measurements_ Factors were cal­
culated to convert the ratios obtained to 1's for the color-corrected phD­
tosensitors and for five types of non color-corrected photosensitors_ 

Key Words: Photometry, photocells, spectral correction of photo­
tubes , photometers, phototubes , filt ers_ 

Thermal converters used as transfer standards for the meas­
urement of alternating current and voltage, F_ L. Hermach, 
Proc_ 11 e Sessio n, Co mite Con. D'Electricite, May 10- 12, 1965, pp. 
E-83 -E- 88 (May 1965)_ 
This re port to the Advisory Committee oulines recent progress at 
NBS in the development of ac-dc transfer standards (comparators) 
for measureme nt s of alternating c urrent and voltage with 20 ppm 
accuracy or better at a udio freque ncies. Electrothermic transfer 
s tandards of the thermocouple type offer good prospects of meeting 
thi s goa l. Their ac-dc differences appear to be very s table. The stand­
ards can be read with high precision and are rugged a nd portable. 
Furthermore, they can readil y be interco mpared for ac-dc difference, 
to ste p up and down the current and voltage sca le with a precision 
of a few ppm. They are thus worthy of consideration for international 
comparisons of the accuracy of alternating c urrent and voltage 
measurements. 

Key Words : Audio frequency, audio, s tandards, comparator, therm o­
e le ments, thermal converters, transfer s tand ard s, voltage co mpara­
tor . voltage measure ments. 

Use of a laser for length measu"ement by fringe counting, 
K E. Gillilland, H. D. Cook, K D. Miele nz and R. B. Stephens, 
Metrologia 2, No.3, 95- 98 (July 1966). 
The use of a 633·nm He·Ne laser of normal neon iso topic a bundan ce 
as a light source for an automatic fringe counting interferometer was 
found to improve the countin g precision and ex tend the usefulness 
of the interferometer to the full one meter limit of its car riage trave l. 
A 91-mm length was measured in terms of Hg" " and laser frin ges. 
From the fringe counts obtained and the wave length of the Hg'!J' 
lin e, the laser vac uum wavele ngth was measured to be 632.991 46 
nm with a standard error qf 1.1 X 10 - 7. With the laser wavelength 
so de termined, wach decimete r interval of a one meter line standard 
was measured by counting lase r frin ges. All measured decimeter 
interval lengths agreed with the assigned values within the mutual 
limits of uncertainty, the largest discre pancy being less tha n 0.5 urn. 
The result obtained for the total le ngth of the line standard agreed 
with the ass igned length of the line standard to 7 parts in 10", which 
is we ll within the mutual limits of uncertainty. 
This method is being applied to routine calibration of line standards 
using a stabilized isotopic He·Ne laser. 

Key Words: Automatic fringe counting interferometer, fringe 
counting, interferometer, laser for length measurement, length 
measurement. 

A note on thermal expansion coefficients of rare gas solids, 
R. D. Mountain, J. Phys . Chem. Solids 28,1071 - 1073 (Dec. 29, 1966). 
Recent measurements of the thermal expansion coeffi cient of solid 
argon, krypton and xenon are s hown to violate the law of correspond· 
ing states. The failure of the law of corres ponding states is related 
to the different ways the lattice vibration spectra of these crystals 
c hange as press ure is applied to the lattice. 

Key Words: Corresponding states, lattice vibration spectrum, solid 
argon, so lid krypton , so lid xenon, thermal expan sion coeffi cie nt. 

. Annual report on spectroscopy, C. E. Moore, Astron. J. 71, 
No.9, 796- 797 (Nov. 1966). 
This report is furnished annually to the Astronomical 10urnal in 
order to present to astrophysicists the spectroscopic work that they 
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are particularly inte rested in . [t is publIshed with the Observatory 
Reports and provides a brief s umma ry of activity at the National 
Bureau of Standards . 

Key Words: Atomic spec tra , ra re·ea rth s pec\,ra, transition proba­
bilities , solar spectrum. 

ApproxiDlate eigenfunctions of the Liouville operator in 
clllssical many-body systems. II. Hydrodynamic variables, 
R. 1. Nossal and R. Zwanzig, Phys. Rev. 157, No. ] , 120- 126 (May 5, 
1967). 
A variational solution of the Liouvill e Equation is used to obtain 
collective coordinates for simple classical Auids. Compari son is 
made with macroscopic analogs determined from relevant hydro· 
dynamic equations. Approximate eigenfunctions of the Liouville 
operator, when constructed from linear co mbinations of the spa tial 
fourier transforms (Auctuations) of the mass, mome ntum , and energy 
density operators for the Auid , are found appropriate to low fre­
quency disturbances. When time derivatives of Auctuations are 
included among trial functions the variational procedure provides 
Auid state counterparts of usual solid state phonons. 

Key Words: Eigenfunctions, Liouville operator, many·body sys te ms, 
hydrod ynamic variables, irre ve rsible processes. 

Certificates of radioactivity standards, S. B. Garfinkel, A. P. 
Baerg, and P. E. Zigman, Report oj the Subco mmittee on the Use oj 
Radioactivity Standards, Nat l. Acad. Sci. ·Natl. Res. Council, pp . 
1- 11 (Dec . 1966). 
Recommendations for certifi cates of sta ndards of radioactivity are 
presented. It is hoped that commercia l producers of such standards 
in the United States of America will use these reco mmendations in 
the preparation of certifi cates which they supply with tbeir s tandards. 

Key Word s: Certificates, co mmerical standards, radioactivity 
standards, standards accuracy, combination of errors, precision, 
measure me nts. 

Deformation twinning in Ni and F.C.C. Fe-Ni alloys, R. P. 
Reed , Phil . Mag. 15, No. 137, 1051- 1055 (May 1967). 
Using electron and optical microscopy techniques, deformation 
twinning has been found in Ni a nd fcc F e·Ni alloys at low te mpera­
tu res (76- 4 OK). 

Key Words: Nickel, Fe·Ni alloys, deformation twinning, low te m­
perature. 

Development of the engineering method and some simpli­
fied methods of structure shielding analysis, C. Eisenhauer 
(Lecture Notes, OCD Summer [nst. , Kansas State Univ., Manhattan , 
Kansas , 1962- 1963, 1965), TR- 40, Radiation Shielding-Analysis 
and Design Principles as Applied to Nuclear DeJense Planning, 
V- ]- V-iv (Supt. Docs. Govt. Printing 01fice, Washington, D.C., Nov. 
1966). 
These lecture notes describe the technical basis for the procedures 
currently being used by the Office of Civil Defense to evaluate 
fallout protection in structures. The notes describe in detail how the 
equations and charts used in th ese procedures were derived from 
fundam ental calculations of radiation shielding. Examples are given 
for simple structures. 

Key Words: Fallout protection in stru ctures, radiation shielding, 
structures . 

Dielectric constants of PbWO. and CaWO., W. S. Brower and 
P. H. Fang, ]. Appl. Phys. 38, No.5, 2391 (Apr. 1967). 
The dielectric constants (€') Pb WO. and Ca WO. were measured at 
24.5 °C in air. Two specimens of each orientation were meas ured. 
The averages and deviations the refrom of the two measured when 
of the reAective dielectric constants are as follows : 

Pb WO. € ' II a 23 .6 ± 0.3; €' II c 31.0 ± 0.4; 

CaWO.€'llal1.7±0.1; €'Ilc 9.5 ± 0.2 . 

Key Words: Dielectric constant , single crystal , calc ium tungstate, 
lead tungstate. 



Effect of oxygen on the photoelectron yield from tungsten 
in the vacuum ultraviolet, B. J. Waclawski, L. R. Hughey, and 
R. P. Madden, Appl. Phys. Letters 10, 305 (1967). 
The effect of adsorbed oxygen on the photoelectron yield of bulk 
polycrystalline tungsten was s tudied at photon energies of 7.7 , 10.2, 
11.8, 16.9, and 21.2 eV. Use of ultra·high vacua - 3 X 10 - 10 torr 
ens ured sample cleanliness prior to oxygen exposure. The photo· 
elec tron yield d ecreases with oxygen exposure because of the 
increase in the e lectronic work function of the tungsten photocath· 
ode. However , at hv = 21.2 eV , an increase in photoelectron yield 
with oxygen exposure also appears and is believed to be due to 
photoelec tron emission from the adsorbed oxygen atoms. 

Key Words: Oxygen adsorption, photoel~ctric effec t , tungste n, 
vacuum ultraviolet. 

Effects of environment on the fracture of glass, S. M. Wieder· 
horn, Proc. RIAS ConI., Baltimore, Md., june 7- 8, 1965, pp. 293- 3 17 
(Cordon and Breach, New York, N.Y., 1966). 
This paper briefly reviews previous work on the topic of delayed 
frac ture of glass, and then presents the results of a new experimental 
approach to the subjec t. Using the double·cantilever c leavage tech· 
nique, it was poss ible to observe crack motion and to accurately 
measure crack velocities in glass. The temperature and stress de· 
pendence of the crac k velocity indicates that the observed fracture 
is an activated process with an activation energy of 19,500 caloriesl 
mole. The ex istence of a s tati c fatigue limit is inferred from the 
experimental data. Experimental results will be di scussed with 
reference to current theories of static fatigue. 

Key Words: Glass, fracture , c rack propagation, s tati c fatigue, 
corrosjon, cleavage. 

Electron beams: National Bureau of Standards and the new 
technology, H. W. Koch, Science 156, No. 3773, 321- 328 (Apr. 21, 
1967). 
High energy electron beams can now be generated with radiation 
powers of hundreds of kilowatts and can be measured with e nergy 
resolutions of several parts in 104 • The importance of this new tech­
nology to science, industry, and the public is related to the measure­
ment researc h and services of the National Bureau of Standards. 

Key Words: Electrons, x·rays, particle accelerators, radiation power , 
nuclear physics, radiation processing, radiation measurement 
standards. 

Exposure rate measurements of X- and gamma-rays with 
silicon radiation detectors, K. Scharf, Health Phys . 13, No.6, 
575- 586 (June 1967). 
The steady· state d. c. current and voltage signals produced by x· or 
gamma-rays in silicon radiation detectors used either as photovoltaic 
ce lls or photodiodes are shown to be dependent on such circuit 
parameters as load res istance and bias voltage used in the respective 
exposure rate measurement. Non-linear exposure rate dependence 
of radiation· produced signals may result from choosing unsuitable 
circuit parameters and no singular value of sensitivity or signal 
per unit exposure rate can be ascribed to an individual detector 
without specifying the circuit parameters used. Measurements are 
reported with silicon detectors of the diffused p·n junction type 
illustrating these performance features , and a measuring method is 
suggested which makes it possible to measure with high precision 
the generated photocurrent at zero voltage applied at the detector 
which is independent of circuit parameters and proportional to 
exposure rate over a wide range. Measurements using this method 
are reported of exposure rates ranging up to 105 Rlhr of 30·kV x·rays 
of 0.09 mm Al HVL , and from approximately 1 Rl hr to 30 Rlhr of 
60CO gamma rays. 

Key Words: X·rays, gamma rays, radiation detec tors, silicon , se mi· 
conducting devices, exposure rate meas urements , dosimetry, 
radiation monitoring, radiation de tection devices. 

Experimental evidence concerning the conduction band of 
SrTi03 , H. P. R. Frederiske , W. R. Hosler, and W. R. Thurber, 
(Proc. Inter. Con! Physics of Semiconductors, Kyoto , japan , Sept. 
8- 13, 1966) j. Phys. Soc. 21, Suppl., 32-36 (1966). 
Experimental information about the conduction band of semicon­
ducting SrTi03 is compared with the calc ulated band s truc ture. 

Measurements of transport properties, magnetic susce ptibility and 
plasma frequency yield rather high average effective masses. Low. 
field magnetoresistance as well as piezoresistance experiments have 
been performed on SrTi03. Although so me disagreement remains, 
the weight of the evidence is in favor of a many·valley s tructure of 
the lowest conduct ion band as predic ted by theory. 

Key Words: B~nd stru cture , effective mass, electronic transport 
propertIes , semIcondu ctor, strontium titanate. 

Ferromagnetic iron alloys lacking a hyperfine field at the 
iron site, L. H. Bennett and L. J. Swartzendruber, Physics Letters 
24A, No.7, 359- 360 (Mar. 27, 1967). 
Although ferromagnetism has been re ported for TiFeJ.Co J ·_ 1 when 
0.3 <;; X <;; 0.7, the Mossbauer effect shows no evidence for the 
existence of a localized moment at the iron site. Thus the magnetiza­
tion is most likely due to a diffuse moment associated with the Ti 
atoms, implying itinerant ferromagnetism. 

Key Words : Alloys , ferromagnetism , superco nductivity , hype rfine 
fields, moments, titantium, cobalt , Mrissbauer effect , iron. 

Future spectroscopy for late-type stars, C. E. Moore, Proc. 
Colloquium on Late·Type Stars , Trieste, Italy, june 13- 17, 1966, 
pp. 15- 24 (S tampato Presso , Tries te , Italy, 1967). 
The s ubjec t is reviewed with the idea of t he application of spec· 
troscopy to work on abundances. Two main topics are discussed: 
t he general characteristics of the observed ste llar spectra and the 
available data on laboratory s pec tra needed to identify the stellar 
lines. The impact of the developments in space technology has 
grea tly expanded the observed ran ge of stellar s pectra. This is 
handled by regions, the Ultraviolet, the Visible, and the Infrared. 
More laboratory programs are needed to mee t presen t needs for 
data on both atomic and molecular spectra. The existing programs 
are discussed. Encouraging progress on the analyses of selected 
rare·earth spectra is reported. These promise to be of great astro· 
physical interest. 

Key Words: Spectra of late·type s tars , atomic spec tra , molecular 
spectra, so lar spec tra , sun·spot spectra, reference data programs, 
rare·earth spectra. 

Report on international conference on spectroscopy, 
Bombay, 9-18 January 1967, C. E. Moore (Intern. Conf. Spec­
troscopy, Bombay, India, Jan. 9- 18, 1967), Appl. Opt. 6, No.5, 
836 (May 1967). 
The First International Conference on Spectroscopy in India , was 
held in Bombay, January 9- 18, 1967. Three International Unions, 
Astronomy, Physics, and Chemistry, supported the Organizing Com­
mittee in arranging for the Conference. Some 200 scie ntists from 13 
countries attended. There were 30 invited papers and more than 100 
contributed papers in all. Most of them dea lt with molecular spec· 
troscopy, but a few touched on inte rstell a r spectra, so lar spec· 
troscopy, in the x-ray region and lase r spec trosco py. 

Key Words: Molec ular spectroscopy, Indian Conference on Spec· 
troscopy, International Conference on Spectroscopy. 

Interpretation of the far infrared laser oscillation in am­
monia, D. R. Lide, Jr. , Physics Letters 24A, No . 11 , 599- 600 (May 
1967). 
The interpretation of the laser em iss ion spectrum of ammonia in 
the far infrared is considered. The P branch of the V2 = 3·'--> 2" 
transition is shown to coincide c lose ly with the observed laser spec· 
trum. However, only the low K transitions are observed. Possible 
reasons for the absence of the expected strong K = 3 lines are 
discussed. 

Key Words: Ammonia, infrared, invers ion , lase r, molecular, spec· 
trum. 

Low-temperature heat capacity of NdCb and PrCb, J. H. 
Colwell and B. W. Mangum , }. Appl. Phys . 38, No.3 , 1468- 1469 
(Mar. 1, 1967). 
Heat capacities of PrCl;, and NdCI:1 have been meas ured between 
0.3 OK and 4 OK. The dominant feature of the heat capacity c urves 
is a broad anomaly indicatin g a region of extensive short·range 
magnetic ordering. The anomaly in NdCI;, has a maximum at 0.47 
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OK and fit s closely that of a linear Ising chain model. In addition, 
two s mall peaks appear at the same te mperatures as the sharp spikes 
found in the magnetic susceptibility. PrC'" has a sharp peak in the 
heat capacity at 0.4 oK which is pres umably associated with long· 
ran ge ordering. The broad anomal y in PrC'" has a maximum at 0.8 
oK. The magnetic en tropy change for the te mperature region of the 
measurements is approximately 80% of R log. 2 for both salts. 

Key Words: Heat capacity , magnetic entropy, magnetic suscepti· 
bility, NdCb (neodymium tri chloride), PrCl3 (praeseodymium 
t ri chlroide), temperature measurement. 

Modulus of rupture of glass below room temperature, 
M. J. Kerper and T. G. Scuderi , Am. Ceramic Soc. Bull. 45, No. 9, 
782-783 (Sept. 7, 1966). 
The modulus of rupture of seven different commercial glasses was 
determined at 0 of (- 17.8 °C)· and - 50 of (- 45.6 °C). The results 
showed that for all glasses and for all conditions of temper the 
modulus of rupture increased as the te mperature decreased. 

Key Words: Glass, strength , low tempe rature. 

On the diffraction profiles of spectrograph slits of finite 
width, K. D. Mie lenz, Optik 25, No . 3, 138- 139 (May 17, 196 7). 
In an earlie r paper, the author presented a meas ured c urve of line 
inte ns ity vs. slit width, for the case of partially cohe rent s pectrograph 
slit illumination. The res ult of a theore ti cal calcul ation is now pre· 
sented which support s the experim enta l c urve. 

Key Word s: Diffrac tion, partial coherence, spectrogr aph s lit. 

Optical properties of SrTiO" unde.· applied stress and elec­
tric field, R . C. Case lla , Phys. Rev. 154, No.3 , 743- 749 (Feb. 15, 
1967) . 
Motivated by recent experiments on the effec ts on uniaxial stress 
on the superconducting transition and normal-state tra ns port proper­
ties of SrTi03 , we have carried out a symmetry analysis , obtainin g 
the perturbed band structure and optical se lec tion rules for th e cases 
of uniaxial stress along the (Ill) and (001) axes and of s ta ti c e lectri c 
fi e ld along (001). A co mparison of the last case with BaTiO;] in the 
C. v ferroelectri c phase suggests a model with a reversal in the order 
of the valence bands in SrTiO" relative to that proposed ea rli er. 
Selection rules for pol arized light are obtained for both mode ls and 
crite ria for deciding ex pe rimentally which is correc t are stated. 
An example is given of how the sign of th e re lative ene rgy shift of 
the conduction valleys with stress may be dete rmined optically. 

Key Words : Electro-optical effects, e nergy bands, selection rules, 
stress-optical effects, strontium titanate. 

Oscillatory photoconductivity and luminescence in SrTi03 , 

L. H. Grabner, Proc. Cairo Solid State Conf , Cairo, Egypt , Sept. 
3- 8, 1966 , Book, Interaction of Radiations with Solids, Ed. A . Bishay, 
pp. 155- 160 (Plenum Press, Inc., New York , N.Y. , 1967) . 
Photoc urrents and lumin escence in SrTi03 oscillate a t low tempera· 
tures (- 4 OK) at a threshold of about 100 volts/cm. Voltage·c urrent 
curves show negative differential res is tance in the region of oscilla­
tion . We s ugges t that these effects a re due to the field ionization, 
into the vale nce band, of a hole trapped 1 e V from the valence band . 
The hole is ionized by the local fi e ld (- 10" V/cm) which differs 
from the externally applied fi e ld of 10' V /cm becau se of th e high 
dielectric constant of SrTi03 ( - 104) a t low te mperatures. 

Key Words: Electric field quenching, luminescence, nega tive 
resistivity, photoconductivity, strontium titanate. 

Photographic and spectroscopic studies of exploding wires 
in a sealed vessel, E. C. Cassidy and K. K. Neumann (Proc. 7th 
Intern. Congo High-Speed Photography, Zurich, Switzerland, Sept. 
12- 18, 1965), Book, Kurzzeitphotographie, Ed. O. Helwich , pp. 178-
185 (Verlag Dr. Othmar Helwich , Darmstadt , West Germany, 1967). 
Investigations of the mixing process between exploding wires and a 
confin ed air environment are described. The various high-speed 
framin g came ra , combined framing camera and drum came ra , drum 
ca mera , pe riodic still , and ultraviolet photographi c techniqu es e m­
ployed for time resolution of the explosion are described and illus­
t rated. The photographic results are correlated with time- resolved 
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(by photographic and photoelectri c techniques) spectroscopic 
observations. Results have suggested a method and suitable intervals 
(during the explosion) for estimating the average temperature of 
the exploding vapor column. A phe nomenon apparently due to re­
Recting shock waves was observed in a later s tage of the explosion. 

Key Words: High-speed, photographic, tim e-·resolved, spectro­
graphic, exploding wires, electri ca l di scharge. 

Piezo-optical effects in solids by sa mple rotation, A. Fe ldman, 
Physics Letters 23, No. 11 ,627- 628 (Dec. 12, 1966). 
The differential absorption a nd re Rection coeffi cie nt s of uniaxiall y 
stressed Si and SrTi03 were determine d by rotating the samples 
in a linearly polarized light beam. 

Key Words: Modulation technique, optica l, piezo·o ptical, semicon­
ductor, silicon, strontium titanate. 

Radioactivity criteria for radiation processing of food s, 
H. W. Koch and E. H. Eisenhowe r, Book, Radiation Preservation 
of Foods, Advances in Chemistry Series 65 (A merican Chemical 
Society, Washington, D.C. , 1967), ch. 7, pp. 87- 108. 
The high-dose-level process ing of foods by high-energy electrons 
and x·rays can induce measurable radioactivity in food s. Such radio­
activity might , but fortun ately need not, present a food wholesome­
ness problem. The amount of induced radioact ivity can be controlled 
and limited so as to be non-meas urable by limiting th e maximum 
energy of the radiation to 10 Me V. Th erefore, non-measurability 
is one useful c riterion. Another crite rion may be developed from 
considerations of th e maximum permiss ible concentration of radio· 
activity in foods and of the deliberate or c ha nce na ture of the 
occurrence of the ac tivity. The bases of th e variou s c riteria and of 
possib le future deve lopments are detailed by a cons ide ration of 
th e characte ri s ti cs of photonuclear radioactiviti es, the detec tion 
methods and capabilities, the influ ence of production parameters, 
a nd the maximum pe rmiss ible concentration s. 

Key Words: Detec tion, induced radioactivity , maximum pe rmiss ibl e 
co ncentrations, pho tonuclear reac tions, process ing, radiation, 
threshold energies. 

Reactor physics in the resonance and thermal regions, D. T. 
Goldman , J. Franklin Inst. 283, No.5 , 437- 438 (May 1967). 
A review of papers presented at a topic conference of the American 
Nuclear Society. 

Key Words: Neutron, thermalization, resonance, absorption, reac­
tor , rev iew. 

Spectroscope slit images in partially coherent light, K. D. 
Mi ele nz , J. Opt . Soc. Am. 57, No. 1, 66- 74 (jan . 1967). 
The apparatus function of prism or grating s pectroscopes with 
finite s lits is derived for the general case of partiall y cohere nt 
illumin ation of the slit. Nume ri cal results are presented for the 
border cases of cohe rent and incohe re nt s lit illumination , as well as 
for fuJI and partial illumination of the s pectroscope aperture. 
The de pende nce of line intensity al)d line width on slit width , as well 
as the optimum slit width, are dete rmined for each of these cases. 
It is shown that the pe rformance of the spectroscope reaches an 
optimum whe n the aperture is a t least fully illuminated. 

Key Words: Spectroscope slit , diffraction , parti al coherence slit 
illumination , luminosity , resolution , optimal pe rformance. 

Status of the National Standards for physical measurement, 
R. D. Huntoon, Science 150, No. 3693,169- 178 (Oct . 8, 1965). 
This article outlines various s tages of sophistication in the develop­
ment of a measure ment system , from a "unit·standard" sys tem to a 
consiste nt syste m in which standards are ti ed to atomic and molecu· 
lar properties in an independently re producible way. The present 
stage of development of our measure me nt syste m is di scussed in 
thi s context, and predictions are made regarding its future de velop­
me nt. 

Ke y Words: Ampere, candela, curre nt , degree Kelvin , Int e rnational 
System of Units , kilogram , length , luminous inte nsity, mass, meter, 
me tri c system , second, s tandards for physical meas urement, tem­
perature , time. 



The basis of our measurement system, R. D. Huntoon, Phys. 
Teacher 4, No.3, 113- 120 (Mar. 1966). 
This article outlines various s tages of sophistication in the deve lop­
ment of a meas ure ment system, from a "unit-s tandard" syste m to a 
consistent syste m in which standards are ti ed to a tomic and molec u· 
lar properties in an independently re producible way. The present 
stage of development of our measure ment syste m is discussed i n 
this context , and predictions are made regarding its future deve lop­
ment. 

Key Words: Degree Kelvin , kilogram , measu rement system, me ter , 
physical constant , second , standard , unit. 

The elastic energies of non-regular hexagonal dislocation 
loops, R. DeWit and A. W. Ruff, Jr. , Phil. Mag. 15, No. 137, 1065-
1069 (May 1967). 
The elasti c energies of dislocation loops have been calc ulated as 
a continuous function of shape from equilateral tri angle to hexagon. 
A smooth decrease in energy is found' in this sequence; a relatively 
rapid c hange is associated with truncation of the tria ngle corners. 
The results are compared with pre vious calc ulations for oth er 
geometric shapes. The effect of a s tacking fault in the loop plane is 
also considered. 

Key Words: Dislocation, elastic e nergy, loops, stacking fault. 

Temperature depe ndence of the high-freque ncy moduli of 
vitreous 8,0", W. Capps, P . B. Macedo, B. O'Meara, and T . A. 
Litovitz , J. Chem. Phys . 45, No . 9, 3431 - 3438 (Nov. 1, 1966). 
Measurements of ultrasonic velocity allowed the calculation of the 
high frequency shear and bulk moduli of B20" from 80 °C below to 
300 °C above the glass transition. The tem perature dependences of 
these moduli were found to be consistent with a se mi -e mpirical 
extension of the theory of Zwanzig and Mountain . 

Key Words: B20 ", high frequency moduli , ultrasonic velocity. 

A determination of trace amounts of iron and cobalt in the 
same sample by substoichiometric radioisotopic dilution 
analysis, A. R. Landgrebe, L. McCle ndon, and J. R. DeVoe (Proc. 
1964 Winter Meeting American Nuclear Society, San Francisco, 
Calif , Nov. 30- Dec. 3, 1964), Trans. Am. Nucl. Soc. 7 , No.2, 337- 338 
(Nov. 1964). 
A method of anal ysis for iron and cobalt was developed for the con· 
centration range of 10 - 3 to 10 - " M. The method involves using a 
limiting a mount of EDT A to complex iron or cobalt. The nonco m· 
plexed ions were re moved from solution with a cationic exchanger 
(Dowex SO- X8) leaving a constant amount of cobalt or iron EDT A 
complex in solution. Trace a mounts of naturally occurring cobalt 
and iron were determined with good sensitivity as long as radio· 
isotopes of high s pecific acti vity were used . N.B.S. standard refer· 
ence material (671 , 672, and 673) of nickel oxide were also analyzed 
for iron and cobalt. 

Key Words : Iron , cobalt, EDT A, radioisotopic dilution , Dowex SO­
X8, nickel oxide, analysis, s tandard reference materi al. 

Application of radiometric tec hniques to quantitative paper 
chromatography of iron , copper, manganese, and cobalt, 
A. R. Landgrebe, T . E. Gills, and J. R. DeVoe, Anal. Chem. 38, 
No.9, 1265- 1266 (A ug. 1966). 
A radioactive reagent was used for the quantita tive determination 
of iron , copper, manganese, and cobalt after se parating them by 
paper chromatography. The method has been applied to the a nalysis 
of a sample of nickel oxide (NBS Standard Reference Material No. 
671). With thi s method which is operable at the /-Lg/mllevel, va lues 
of 0.37 , 0.19, 0.14, and 0.32 percent for Fe, Cu, Mn, a nd Co respec­
tively were found and the rela tive standard deviation of a single 
determination for Fe, Cu, Mn , and Co were 7.1 , 6.8, 3.8, and 4.1 
percent. Compari son of these results with those of other analytical 
techniques were made. 

Key Words : Analysis, nickel oxide, paper chromatography, radio­
metric methods, NBS Standard Reference Materi al 671 , Fe, Co, 
C u. Mn . 

A study of the heat of formation of oxygen difluoride, R. C. 
King and C. T. Armstrong, Proc. Fifth Meeting ICRPG, Working 
Group on Thermochemistry 1, CPIA Publ. 146, May 1967. 

The enthalpies of the reac tions below I:!.H~o", were determined in a 
fl ow calorimeter operated at one atm . pressure, to be res pectively, 
in kcal mol - '. - 227.S2 (0.16), - 153.38 (0.06) , and -68.28 (0.03) . 
The numbers in parentheses are the standard devia tions of the means 
fo r 13, S, and 6 experiments, respectively_ The e nthalpy uf formation 
of OFAg), I:!.HJ,.. , 

OF,(g) + 2H,(g) + 99H, O(l) = 2[HF . 50H,O J(I) 

F ,(g) + H,(g) + 1 OOH,O(l) = 2[HF . SOH2 0 IO) 

~ 0 2(g) + HAg) = H, O(J) 

F,(g) + t O,(g) = OF,(g) 

was calcul ated fro m the measured enthalpy changes to be + S.86 
kcal mol - ' . The average bond energy E(O - F) in the gaseous mole· 
cule of OF, was calculated to be 4S.72 kcal mol - ' . The results of 
the second reaction are compared with o ther recently derived data 
on HF(aq). 

Key Words: Fluorine, reaction with h ydroge n; oxygen, reac tion 
with hydrogen; oxygen difluoride, reaction with hydrogen; oxygen 
difluoride, heat of forma tion; hydrofluoric acid , heat of formation ; 
hydrogen, reactions with fluorine, oxygen difluoride and oxygen; 
ca lorimetry , flu orine fl ame. 

Crystal nucleation in polyethylene: the drople t experiment, 
F. Cornick, C. S . Ross, and L. J. Frolen, }. Polymer Sci. 18, Part C, 
79- 91 (/ 967). 
The droplet technique was utilized to obtain estimates of the iso­
thermal rate of homogeneous crystal nucleation in highly super­
cooled melts of unfractionate d linear polyethylene. In a typical 
experiment a cell containing a sus pe nsion of several hundred mic ron­
size spherical droplets of the polymer was placed on a microscope 
hot stage and quenched from a te mperature well above the melting 
point of polyethylene to the desired crys tallization temperature. 
When viewed between crossed polarize rs, the droplets were ini · 
ti ally invisible but , upon freezing, they appeared as vi sible bire· 
frin gent spheres. The time depende nce of the process was followed 
by time-lapse photography. Half times (TI/2) for the freezing of those 
droplets re maining unfroze n by the time the crystallization te mpera­
ture was attained were thus obtained at a series of undercoolings 
and related to the desired nucleation rate constant 

l (nuclei-cm- 3 - sec- ' ) 

by the equation 1= In2 /TI/2v, where v is the droplet volume. 
The temperature dependence of I , as obtained by the above pro­
cedure, was analyzed in accord with current theories of homoge­
neous nucleation of chain-folded polymer crys tals. Fro m this 
analysis, an estimate, 14,960 ergs3 cm- 6 was made of the quantity 
(a ' ae), 'where a and a e are respectively the lateral and end-s urface 
free energies of the crystal. 

Ke y Words: Crystallization, polyethyl e ne, homogeneous nuclea· 
tion, surface free energy, microscopy, kineti cs. 

Effects of temperature and of ultraviolet radiation on pyrene 
adsorbed on garden soil, A. J. F ati adi , Environ. Sci. Technol. 1, 
No . 7, 570- 572 (july 1967). 
The chemical and photochemical changes of pyrene adsorbed on 
soil have been studied. It was found that pyrene adsorbed on soil 
and subjected to either heat or ultraviolet radiation underwent self· 
coupling to 1,1 ' ·bipyrene, apparently by free-radical mechanisms; 
this product was not found from pyrene adsorbed on a number of 
other particulates. Also formed in the pyrene - soil reaction were 
1,6· and 1,8·pyrenediones, probably by a differe nt reaction-path . 

Key Words: Photoche mical , reaction, photooxidation, particulates, 
polycyclic, aromatic, hydrocarbons, pyrene, 1,6- and 1,8-pyrene· 
diones, 1,1' -bipyrene. 

Electrolysis of nonaqueous systems, A. Brenner, Book, Advances 
in Electrochemistry and Electrochemical Engineering, Ed. C. W. 
Tobias , V, 205- 248 (John Wiley & Sons, Inc., New York , N.Y. 1967 ). 
A survey is presented of the electrode position from organic solu· 
tions of lithium , sodium , potassium , beryllium , magnesium , and 
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aluminum. The attempts to e lectrodepos it the rare-earth metals are 
discussed. Also treated are the e lectrode position of metals from 
liquid ammonia and the electrolysis of essentially pure liquids, both 
organic and inorganic. 

Key Words: E lectrolys is, non-aqueous systems, e lectrolysis of, 
lithium. sodium , potass ium , be ryllium, magnesium , alumin um, 
liquid ammonia. 

High purity powdered Csl as a high reflectance infrared 
diffuser, J. Geist, C. J . Kneiss l, and V. R. Weidner, Appl. Opt. 6, 
No.7 , 1280- 1281 (July 1967). 
The s pectral re flectance of po wdered Csi is compared with that of 
flowers of sulfur between 2.5JLm and 20JLm. The experim ental pro· 
cedure is describe d and roo m te mperature da ta a re prese nted . The 
reflectance of ultra pure powde red Csi was found to be apprec iably 
higher than that of the Rowers of sulfur beyond 7JLm. 

Key Words: Body sca ttere r, ces ium iodide, diffu se re Rector, pow· 
de red cesium iodide and sulfur. 

Internal friction in rutile containing Ni or Cr, J . B. Wacht· 
man, Jr., S. S pinne r, W. S. Browe r, T . rridinge r, and R. W. Dickson, 
Phys. Rev. 148, No.2, 811 - 816 (Aug. 12, 1966). 
Rutile contai ning Ni gives an inte rna l-fri c tion peak cente red near 
50 °C at 2 kHz charac terized by an ac tivation ene rgy £ = 15.3 ± 2.4 
kcal/ mole and a characte ri sti c relaxation tim e TO = 3 X lO- "' ~ 1.7 
sec; this pea k occurs for te nsi le s tress a long llOOI or lllOl. A pea k 
cen te red near 200 °C with £ = 21.4 ± 2 .1 kcal/mole and 

To = 8 X 10- '5~ 1.f) 

sec occurs fo r stress along [1001 but not for s tress a long [110J. Rutil e 
containing Cr gives s imilar peaks characte rized by £ = 13.5 ± 2.4 
kcal/mole and T,, = 2 X 1O- '· ~ 1." sec and by £ = 22.2 ± 1.5 kcal/mole 
and To = 4 X 10- ' 5~0. " sec. Light reduction in vacu um decreases the 
amplitude of the low·te mperature peak and e nha nces the high­
tempe rature peak in both cases. Heavy reduc tion of rutil e containing 
C r ' re moves both peaks but they reappear upon s ubsequ e nt reox i­
dation. The ev id ence suggests that the motion of interst itia l cat ion s 
is invo lved and tha t reduction causes the formation of a compound 
defect. A tenta tive inte rpre tation is given in te rms of unpaired 
N iH inte rs titial s for the low-te mpe rature pea k and of inte rs titial 
pairs composed of Ni"+- Ti:l+ for the high-te mpe ra ture peak in Ni­
doped s pec imens; the corresponding peaks in Cr-doped rutil e are 
tentatively interpreted in te rms of Ti4+ inte rst iti als a nd of inte rs titi a l 
pairs consisting of Ti4+- Ti"+ It is poss ible to have two c ha rge­
compe nsating C r3+ on adjacent s ubstitutional s ites and preserve 
the last two models. 

Ke y Words: Activation e ne rgy, inte rnal fri ction , point de fec t, reduc­
tion, rutile, sy mmetry conditions. 

Electron probe microanalysis, K. F. J. Heinric h, Book, £xPe.ri­
mental Methods of Materials Research. Advances in Materials 
Research 1, 145- 162, (John Wiley & Sons, Inc., New York , N .Y. 
1967). 
This paper in troduces the reader to the principles and techniques 
of e lectron probe microanalys is. After a brief description of the 
in strume nt , the charac te ri s ti cs of probe analysis , such as range 
of e lement s, s patia l reso lution, sensitivit y, and conditions necessary 
for th e s pecime n, a re di scussed. The corrections to be app lied in 
quantita ti ve analysis a re e nume rated and ex plained. Several signal 
e valuation sys te ms, partic ularly for scanning microprobe ana lysis, 
a re desc ribed , including the use of signals othe r than x·rays. The 
fi e lds of app li cation a re brie fl y indicated. 

Key Words : Charac te r is t ics of probe analysis, elec tron microana lysis, 
e lec tron probe mic roana lys is, mi c roana lys is, e lectron probe, probe. 

Extraction-spectrophotometric determination of antimony 
as a ternary coml>lex, H. W. Burke and O . Me ni s, Anal. ehem. 38, 
p. 1719 (Nov . 1966). 
A c riti ca l e xamination is present ed of the many parameters asso­
c iated with the ex trac tion-s pec trophotometric de te rmination of 
Sb+5 as the te rnary chloro co mplex of brilliant green, a triphe nyl ­
methane dye. The basic proble m of di sso lving the sample without 
res idue proble ms and witho llt vo latil izat ion of antimony is also di s· 

cussed. A sealed tube disso lution proced ure yie lds only Sb+3 , the 
requisite form. The step-wise react ions that may preclude the for­
mation of the co lored complex a re di scussed in te rms of the inte r­
action of the following variables : Oxidation and hydrolysis mech­
al1Jsm, spectral dependency on fin a l choice of oxidant , ro le of H+ 
and Cl- in the oxidation-extraction s te ps , the side reac tion due to 
impurities in the dye , and t he extrac ti on characte ri s ti cs of the ter­
nary complex. The method has been app lied to th e a na lys is of both 
ferrous and non-ferrous s tandard referen ce mate ri a ls with good 
success. The coefficient of variation is 2 pe rcent. 

Key Words: Extrac tion-s pec trophotometric, antimony, brilliant 
green , sealed tube disso lution , mechanis m, dye impurity, fe rrous 
and non-ferrous alloys . 

Cas phase photolysis and radiolysis of methane, Formation 
of hydrogen and e thylene, H. Gorden, Jr. and P . Au sloos, J. 
Chem. Phys. 46, No. 12,4823- 4833 (June 15, 1967). 
The photolysis of CH. and of CH .• - C D .• mixtures has been inves ti ­
gated a t 1236 A (10.0 eV) and at 1048- 67 A (11.5- 11.8 e V). The 
exc ited methane molecule di ssoc iates to form H" H, C H", C H" 
CH and probably also C. The C H a nd C H, radicals insert into me th­
ane to form inte rnally excited C2 H5* and C, H.;' species, respec­
tive ly. Below one atmos phe re a ll C, I-I , radica ls decompose to form 
C, H .• , while the e tha ne molecules a re pa rtiall y s tabilized. The re la­
tive quanium yie ld of CH increoases about three- fo ld whe n the wave­
length is redu ced from ]236 A to 1048- 67 A. On the bas is of an 
isoto pic ana lys is of the hyd rogen produ ced in the photolys is of C D .• -
H,S mixtures, it is co nc luded that at 1236 A, D·a toms cons titut e at 
least 65 percent of th e " molecular" de uterium yie ld . 
In the radiolys is, eth ylene is large ly , although not exc lu s ive ly form ed 
by the inse rtion of C H into metha ne. It is demon strated that addition 
of s mall concentrations of an un saturat.ed hydroca rbon to methane 
profoundly affec ts the ion-molecule reac t ion mechanis rri and , 
the re fore, does not lead to a de pendable valu e of the " initia l" 
eth ylene yie ld as sugges ted in earli e r s tudies. Upon a ppli ca tion of 
an e lec trica l fi e ld , the prod uc tion of C H and C H, is a ugme nt ed in 
th e saturation c urre nt region. The importa nce of the lall e r two 
radica ls in the direc t a nd ra re gas sensitized radiolysis is exa mined 
briefly. The formation of hydroge n in the radiolys is will be discussed 
on the basis of new information de rived from C D" - H2 S expe rim ents. 

Key Word s : Photolys is, radio lys is, free radica l reac tions, ion­
molecul e reac tions. 

Laser probe excitation in s p ectroche mical analysis. J. Ch3l'­
aeteristics of the source, S. D. Rasberry, B. F. Scribner, a nd M. 
Margoshes, Appl. Opt. 6, No. 1, 81- 86 (Jan . 1967). 
A laser probe for spec troche mica l anslysis is desc ribed. A high e n­
e rgy laser beam is focused onto a s pecimen to vaporize a sample 
from a s ma ll area , and the vapor thus form e d is furth e r excited by 
a s park discharge. The characte ri s ti cs of e mi ss ion s pect.ra with a nd 
without auxiliary s park exc it a ti on are compared. S pectrogra ph 
illuminating-sys te ms for qua lit.a tive and quantitative ana lys is we re 
investigated. Some diffi c ulti es we re enc ountered with the laser 
probe, a nd modifi cations were made to the in s trume nt. to a ll evia te 
so me of these proble ms. So me typica l anal yti ca l a ppli cations are 
di scussed. 

Key Words : Lase r probe, qualitative , laser vaporiza tion , Q-switched 
ruby lase r, spec troche mical, high ene rgy, spark exc itation , illumi­
nating sys te m, analys is, high power, e miss ion , e mi ss ion s pectra. 

Laser prohe exci tation in spectroch emical analysis. II. In­
vestigation of quantitative aspects, S . D. Rasbe rry , B. F. Scrib­
.ner , and M. Margoshes, Appl. Opt. 6, No. 1,87- 93 (jan. 1967). 
A study has been made of quantitative analys is by a laser probe with 
s park exc itation of the sample va por. Random e rrors come la rge ly 
from variations in lase r e nergy and from photom etri c e rrors. The 
parameters of the s park c irc uit affect th e line intensities; however, 
these fac tors are we ll controll ed. Corre lations have been es tabli s hcd 
between the energy of the laser beam, the s ize of the pit formed , 
and s pec tral intensities. Single-s pike laser operation has been found 
to be preferabl e for most purposes to multiple-s pike operation. 
At present, the coeffi cie nts of variation for analysis are 15 to 40%. 

Key Words: Laser IJrobe, s pectroc he mi ca l a na lys is, quantitative , 
laser vaporiza tion , s park exc itation , high ene rgy, high powe r, pit 
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volume, spectral intensity, spark, photographic emu lsion, Q-switched 
ruby laser. 

,)H determination, R G_ Bates, Encyclopedia of Industrial Chem­
ical Analysis 3, 146-161 (john Wiley & Sons, Ine- , New York , NT. 
1966). 
Procedures for the determination of pH by both e lectrometric and 
indicator methods are set forth . The NBS reference standard so lu· 
tions are described. Other topics discussed include the limitations 
of measured pH values, glass e lectrodes and refemnce electrodes, 
pH instrumentation , temperature effects , and the special require· 
ments of industrial pH control. 

Key Words: Glass electrodes, industrial analysis, pH determina· 
tion , pH instrumentation , reference electrodes, temperature effect. 

Surface studies of natural and synthetic bone mineral teeth, 
W. V. Loebenstein, (Proc. 2nd Workshop, Adhesive Restorative 
Dental Materials, University of Virginia, Charlottesville, Va., 
Dec. 8- 9, 1965), Book, Adhesive Restorative Dental Materials, ch. 
IV. Surface Measurements-Synthesis and Evaluation of Dental 
Adhesives, pp. 213- 223 (Dept. of Health, Education, and Welfare, 
Washington, D.C. 1966). 
Low temperature nitrogen adsorption measurements have been 
performed using dentin and bone as well as synthetic calcium 
phosphate preparations. Surface areas ranging from about 1'/2 to 
nearly ISO m2.g- J have been found. Pore size distribution calcu­
lated from the isotherm data shows promise of being a valuable and 
sensitive tool for aiding in the comparison of crystallographic forms 
and for detection of subtle changes in structure not measurable by 
other means presently in use. The pore structure of bone mineral 
in the range 20- 300 A appears to be entirely independent of the 
collagen matrix. 

Key Words: Adsorption , surface chemistry, pore size dsitribution, 
surface area, teeth, bone, hydroxyapatite, ca lcium phosphate, octa­
calcium phosphate, pore volume, anorganic bone mineral and dentin. 

Testing scouring powder abrasion, W. C. Wolfe, Detergent 
Age 2, No. 10, p. 22 (Mar. 1966). 
Five leading brands of household scouring powders were examined 
in order to establish a formulation for testing the abras ion or wear 
resistance of san itary plumbing fixtures. A test abrasive of known 
composition and representative of commercial products was desired. 
The products examined all contained sodium dodecylbenzene­
sulfonate as the detergent, usually chlorine bleach, sometimes 
bactericide, and about 90 percent. by weight of abrasive. The abra­
sive, in each case, was fine quartz powder, mostly less than 44 
microns particle size, but containing some particles between 149 
and 250 microns in diameter, which might scratch porcelain enamel 
or plastic. 

Key Words: Abrasives, bathtubs, cleansers , detergents, part icle , 
plumbing, plastic, porcelain , sieve, silica, sinks. 

The estimation of molecular weights of vinyl acetate co­
polymers in latex paints, H. W. Berger, J. Paint Techno!. 39, 
No. 508, 310- 315 (May 1967). 
A visco metric technique has been used for the estimation of the 
molecular weights of vinyl acetate copolymers used in manufac­
turing latex paints. The whole paint is diluted with boiling acetone 
and the dissolved polymer is separated from pigments by centri­
fuging. The intrinsic viscosity, [711, of the polymer in acetone at 
25°C is obtained and used to calculate a quantity related to the 
molecular weight. The various values for a and K, the constants in 
the Mark-Houwink Equation, that have been reported in the litera­
ture ior PV A in acetone are used empirically to derive the equation, 
log M = 1.45 log [711 + 5.521. This equation is used as the basis for 
the estimation of the molecu lar weights of PV A copolymers in ex­
perimental latex emulsions, experimental paints formulated with 
those latexes, and proprietary paints. 

Key Words : · Copolymer, intrinsic viscosity , latex, Mark-Houwink , 
molecular weight, polymer, polyvinyl acetate. 

The National Standard Reference Data System program in 
atomic and molecular properties, S. A. Rossmassler, (proc . 
Symp. Compilations of Data on Chemical and Physical Properties 

of Substances, 152nd National Meeting, Am. Chem. Soc., New York, 
N .Y. , Sept. 12, 1966) J. Chem. Doc. 7, No. I , 15- 18 (Feb . 1967). 
I n general, atomic and molecular properties are taken to mean 
properties primarily characteristic of the individual atoms or mole­
cules rather than of any system or state of aggregation. For opera­
tional convenience, the area includes also certain general and 
fundamental physical constants. 
An Advisory Panel Iisted sixty- three specific properties and gave 
high priority to twenty-eight of these. The Office of Standard Ref­
erence Data is supporting or monitoring s ixteen projects which are 
concerned with fourteen of these high priority topics . Most of the 
projects are continuing ones. Five of the activit ies perform data 
center or information center functions. 
In several cases, joint support or cooperative programs have been 
developed, and we are seeking to extend this type of activity. 
To provide reasonable current coverage of the general area, the 
number of projects should be doubled (high priority topics only) 
or trebled , (high priority plus related moderate priority topics) as 
rapid ly as possible. Projects being initiated in other countries (cf. 
next paper by R.M.S. Hall) are a lready assuming some of this burden. 
Ten compilations of data and a simi lar number of bibliographies 
and secondary publications will have appeared by the end of calen­
dar year 1966. 

Key Words: Atomic , molecular, properties, data, compi lation, data 
center. 

The radiation-induced copolymerization of tetrafluoro­
ethylene and 3,3,3-trifluoropropene at high pressure, D. W. 
Brown and L. A. Wall, (Proc. Symp. Compilations of Data on Chem­
ical and Physical Properties of Substances, 152nd National Meet­
ing, Polymer Preprint 7, No.2 , 1116-1132, (Sept. 1966). 
A study was made of the gamma·ray induced copolymerization of 
tetraAuoroeth ylene (TFE) and 3,3,3-triAuoropropene (TFP). Co­
polymerizations were carried out at 100°C and 5000 atm pressure 
and at 2 1 °C and various pressures up to 8000 atm. The reac tivity 
ratios calculated from the com position data indicate that the propa­
;ration rate constants favor addition of TfP by a factor of three to 
seven~ individual values depended little on the polymerization 
pressure and temperature. Polymerization rates changed little with 
monomer composition between zero and 75% TFE; between 75 
and 95% TFE they increased by a factor of ten. As many as 850,000 
(molecules) were polymerized per 100 e lectron volts absorbed. 
The copolymers are so luble in hexaAuorqbenzene at 29.6 °C if they 
contain less than 70% TFE. Intrinsic viscosities range from 0.1 to 
about 10 dal/g. From various considerations it appears likely that 
the degree of polymeriz~tion is about equa l to the kine ti c chain 
length in high pressure polymerizations at 21 °C; at autogenous 
pressure or at 5000 atm and 100 °C monomer transfer reduces the 
value considerably. 

Key Words: TetraAuoroethylene, triAuoropropene , copolymeriza· 
tion, pressure, radiation, reactivity ratios . 

A dual frequency VLF timing system, L. Fey and C. H. Looney, 
IEEE Trans. Instr. Meas. IM-I5, No.4, 190- 195 (Dec. 1966). 
The use of high precision portable clocks and radio signals is dis­
cussed in relation to synchronization of remotely located c locks. 
The demonstrated inherent phase stability, approximately two JLS 
flTIS, of very-low frequency (VLF) propagation and its low attenuation 
rate with distance , have led to various approaches to exploit these 
virtues in timing applications. The system considered here employs 
two carrier frequencies with timing information contained in their 
difference frequency to permit identification of a specific cycle of 
one of the carrier frequencies . Su ch a system makes stringent de· 
mands on phase stabilities of the transmitted signals and of the 
receiving system as well as that of the propagation medium itself. 
The present system , whose development has been supported jointly 
by NBS and NASA, makes use of NBS rad io station WWVL at 
Fort Coll ins, Colorado. Receivers are of the standard VLF phase 
tracking servo type. A special signal generator is used in conjunc­
tion with the local clock to simulate the transmitted signal in order 
to relate the local time scale to that at the transmitter. 
One of the carrier frequencies is maintained at 20 kHz. With a 
second frequency (500 Hz removed from this frequency) , carrier 
cycle identification was achieved on about 90 percent of the days 
for over a month on the path from Fort Collins, Colorado, to Green· 
belt, Maryland. Since January 4, 1966, the difference frequency has 
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been 100 Hz, with so mewhat more flu ctu a tion in res ults . Howe ver , 
lowe r prec is ion is required for the initiHI sy nc hro niza tion. The 
res ults of averaging to improve thi s pe rfurm ance will be di scussed. 

Key Words: Worldwide c lock synchroniza tion; VLF pro paga tion ; 
portable c loc k; multiple V LF trans mi ss ions; standard tim e 
broadcasts. 

An analysis of low information rate time control unit, L. Fey, 
J . A. Barnes , and D. W. Allan , Proc. 20th Annual Symp. Frequency 
Co ntrol, Atlantic City, N.J., Apr. 19- 21, 1966 pp. 629- 635 (1 966). 
Compute r simulation has been used to s tudy the feasibility of pro· 
du c ing a syn chronized time s tation requiring minimum att ention 
to o pe rate. 
The device s imulated consis ts of a multiloop servo sys te m to correc t 
the output phase of a qua rtz c rys tal osc illator and to s imultaneously 
compen sa te for the lin ea r frequ ency drift common to these oscil· 
lators. Upon the occurre nce of an occasional phase co mparisun , 
s uch as propagated from VLF trans mi ssion during the time of day 
whe n propagation conditions a re most stable , the se rvo incorpora tes 
a resulting phase co rrec tion and es tabli shes a new linea r freque ncy 
drift com pensa ti on rate based on the pas t hi story of the osc illator ­
allowing extra polation of the phase of the reference signa l until 
the next phase comparison occ urs. Thi s in e ffect results in a remote, 
phase locked system operating automati ca ll y with an inte rmitt ant 
refe rence. 
The e ffect on suc h a sys te m of fli c ke r noise modula tion, th e char­
acte ri s ti c type of noise assoc iated with quartz c rys tal oscillat ors 
in the domain of interest , is treated , along with se rvo s yst em tim e 
constant co nsjderations. 
The use of suc h a syste m is di scussed in re lation to applica tions s uch 
a s unmann ed sta ndard time and frequen cy s ta tions , meteo r burs t 
sync hroniza tion, and the operation of atomic time scales with inter­
mittant freque ncy ca librations. From availabl e data, one anti c ipa tes 
a sync hronization prec is ion of 1 mi c roseco nd a t stations as remote 
as 1,500 kilom ete rs us ing th e me teor burst tec hniqu e. The system 
would be both low in initial cos t and in ope ration. 

Key Words: Tim e synchroniza tion , fli cke r noise, multi -loop se rvo , 
VLF propagat ion, me t.eor burst , oscillator co rrec tion. 

An equation for the local the rmal emissivity at the vel'tex 
of a diffuse c onical or V-groove cavity, F . .I . Ke lly , Appl. Opt. 5, 
925- 927 (june 1966). 
An exac t, c losed-form ex press ion is de rived for the a pparent local 
e missivity at the vertex of a diffu se co nica l or V-groove cavit y. This 
expression is obtained by a subs titution into an app roximate equa­
tion for the apparent local emiss ivity of a point within a ca vity of 
an y shape, The exac t expression de pe nds onl y on the e mi ss ivity of 
the cavity wall mate rial and the angle fac tor between the point at 
the cavity vertex and the cavity opening. Agreement is very good 
between the valu es predi cted by the express ion and those obta ined 
from a nume rical so lution of the integral equation characteri sti c of 
a diffu se conical cavity. 

Key Words: Diffu se conical or V-groove cavity, em iss ivit y, ve rtex of 
a diffused conica l or V-groove cavity, eq uation , apparent loca l 
e miss ivity, V-groove cavit y, ve rtex of a diffu sed conical or V-groove 
cavit y. 

A precision CUl'l'ent comparator, C. M. Allred a nd R. A. Lawton 
(proc. Annual ISA Coni, New York, N.Y. , Oct. 1966), ISA Preprint 
No . 12.8- 2- 66 (Oct. 1966). 
A technique capable of prec ise compa rison of c urrents in diffe rent 
parts of a network 01· be tween c urre nts in diffe rent ne tworks is dis­
c ussed. With proper conditions, thi s com pariso n can be done with 
negligibl e perturbation of the net.work s uncle r measure ment. 
Experim e nts on a coaxial syste m a t 30 MHz a re di sc ussed. 

Key Wo rds: An tenna , attenuation , comparato r, curre nt , phase, 
precision. 

Impedance m e asurements in coaxial waveguide systems, 
R. L. l esch and R. M. li ckling, Proc. IEEE. 5:>" No.6, 912- 923 (june 
1967). 
This article is a tutorial review of impedance measure ments and 
standa rd s in coaxial waveguide sys t.e ms propagating a TEM wa ve. 
It describes the development of coaxial a ir lines as impe dance 

103 

standards, revie ws re present a tive measure ment methods , and di s­
cusses the e rrors and measure ment techniques of the s lotted line 
in de tail. A li s t of se lec t.ed refe rences to pe rtine nt lit e rature is 
inc luded. 

Key Words: Impedance, waveguid e, trans miss ion line, s tandards , 
coaxial , measure ments, a ir lines. 

International comparison of high f,'e<lu e ney e leel,'omag­
netic quantities, M. C. Selby, Proc. IEEE 55 , No.6, 745- 747 
(june 1967). 
Activiti es to es tablish internationa l agree ment on meas ure ments 
of high frequenc y elec tri cal qu antities have been in progress s ince 
1957 at the initiative of the URSI (Inte rnational Radio Sc ientifi c 
Union) and the Inte rnational Co mmittee of Weights and Meas ures 
(C IPM). Res ult s accomplished and the overall up-t o-da te statu s 
are presented. 

Ke y Words : Electrica l qu antities at high freque ncies, mea surement 
of high frequ ency e lectri cal measure ments, inte rnati onal a gree ment 
on e lec tromagne ti c meas ure ments. 

Field strength above 1 GHz: Measurement procedures for 
standard ante nnas, R. R. Bowma n, Proc. IEEE 55, No.6, 98 1-
990 (june 1967). 
To ca libra te antenn as fo r s ta te-of- a rt fi e ld s tre ngth meas ure me nts , 
standard horn s a re needed with ga in uncert ai nti es we ll within 
± 0.1 dB. To att. ain t.hi s degree of acc uracy for abso lut.e ga in meas· 
ure ments , th e two-antenna method is reco mm ended. Thi s method 
is cons id e red to be essenti a ll y an inse rtion loss meas urement 
(with ma ny additiona l proble ms and sources of e r ro r), and a workin g 
formul a is deri ved that is s uit abl e fo r ga in meas ure ments o f high 
acc uracy. The proble ms th at appea r to be most limitin g in ga in 
measureme nt.s, in s uffi cie nt ant.e nn a se paration and multi -path int e r­
fe re nce, a re chosen for de ta iled di scuss ion. (The d iscuss ion con­
cerning multi -pa th inte rfe rence has app lication to anechoic chamber 
e valuat ions a nd rada r c ross-sect ion measurement s as we ll as t.o 
ga in meas ure me nts) . It is concluded tha t e rror es tim ates of less 
than ± 0.1 dB for horm ga in measure me nt s have bee n so mewhat 
optimis t.i c . Several a mbiguiti es and sources of e rror have been 
ove rlooked or in adequ ate ly discussed , a nd additiona l discuss ion is 
present.ed to provide a more compl e te bas is for ho rn ga in measure­
ment s of hi gh accuracy. 

Key Words : Fie ld s trength , hi gh accuracy ga in measureme nts , 
horn antennas , two-ant.e nna method , ga in co rrec tions, multi-path 
inte rfe rence, antenn a range des ign. 

Impedance measurements and standar'ds fo,' unieonductor 
waveguide, R. W. Bea tt y, Proc. IEEE 55, No.6 , 933- 941 (june 
1967). 
A tutoria l re vi ew is presented of t.h e measure me nt of impeda nce 
and re fl ec tion coeffi c ient in uni condu ctor waveguide . Impedance in 
a waveguide operat in g in a pa rti c ula r mode is defin ed and rela ted 
to measured quantities such as the re fl ection coeffi cient and the 
VSW R. 
E mphas is is given to the rectangul a r waveguide operating in it s 
dominant mode and to the tun ed reAectomete r as an instrument 
for achie ving the mos t accurate res ults . The evolution of the tuned 
reAectomete r at NBS is outlined a nd recent techniques are dis­
cussed. Diffe re nt types of s tandards of re fl ection coeffi cie nt are 
described and the advantages and limit a tions of each a re mentioned. 

Key Words : Impedance standa rd , reAection coeffi cie nt , re flec tom­
e ters, s tanding- wave ratio , waveguide impedance. 

Confel'eriee on burns and flame reta"dant fabrics , December 
1966, New York, N,Y" A. F. Robertson , Fire Res . Abst. Rev. 9, 
No . 2, 11 9- 122 (1967). 
A summ ary is presented of subject mee tin g whic h was held o n 2 
and 3 Decembe r 1966. 

Key Words: Fire-retardant c lothing, re tard ant trea ted fabri cs, fl ame 
res is tance , clothing, fire, accide nt s, c lothing fires , burn injuries. 

Doors as barriers to fire and smoke, H. S houb and D. Cross, 
Proc. Symp. Fire Testing, Lancaster, Pa., june 24- 25, 1965, pp. 
1-1 - 1-10 (Armstrong Cork Co. , Lancaster, Pa. , 1965) . 



A s tud y was made of means fo r improving dwe llin g unit e ntran ce 
doors as fir e and s mok e barriers. Existing co mbu stibl e doors a nd 
frames co uld be modifi ed to e nhance the ir fire resi s tance, but it 
did not appear prac ti cal to rai se th em to the level uf rat ed comme r· 
c ial fire door asse mblies . Fire retardant paint s, excep t those con­
s i s tin~ of heavy, reinforced , intumescent·t ype coatings, provided 
littl e or no inc rease in fire res istan ce. 
S e vera l modifications of ex is tin g doors were not e ffective in pre­
ven tin g the trans mi ssion of smoke. However, con trolling the pressure 
leve ls on both s ides of a door, as by s uit a ble vent in g, appeared to 
offer a mea ns of reducing smoke pen etration into a n area. 
It is recommended that c urre nt methods of fire tests of doors , and 
criteria relating to th eir fire and s mo ke trans miss ion be improved. 

Key Wo rds: Doors , dwelling, dwelling uni t entrance doors, fire and 
smoke barriers. 

Calorimetric m easure m ent of pulsed laser o utput e ne" gy, 
D. A. Je nnings , IEEE Trans. Instr. Meas. 1M-IS , No.4, 161 - 164 
(Dec. 1966). 
O ne of the important paramete rs of pu lsed laser systems is their 
o ut put e nergy. The app li cation of pu lsed lasers requires knowing 
this outpu t e ne rgy with varying degrees of accuracy depend in g o n 
the appl icat ion . The re a re seve ral me thods by wh ich one may 
measure the ene rgy output of the laser. However , the technique 
which seems to be promising as fa r as accuracy and prec is ion are 
concerned is th e ca lorim etri c me thod. We have des igned , built , 
a nd ca lib ra ted ca lorimete rs for measu rin g the ou t put energy of the 
p ulsed ruby laser (6943 A). The heart of the ca lori meter is a s mall 
abso rption ce ll containin g an aqueous so lution of C USO.,. The tem­
pe rature of the absorption ce ll, as measured by a the rmocouple , 
indi ca tes the e ne rgy abso rbed by th e ca lorim eter. The calorimeter 
was ca librated in two differe nt ways: (1) The known heat capacity 
uf the absorp tion ce ll a nd the the rmoco uple sensitivity ca libra ti on 
gives a calorimeter calibration which agrees within 0.3 percent or 
(2) an e lec tri ca l e nergy s ubstitution calibrati on which is o btain ed 
via a heater wire cont ai ned in the absorption cell so lution. A me thod 
has bee n dev ised by whic h two calor im eters may be interco mpared. 
Ca lorim ete rs which we have b uilt and ca lib ra ted agree with each 
othe r to abou t 0.7 pe rcent. T hi s s pecific ca lorim ete r has been 
d es igned to meas ure e ne rgies up to 30 "Joules" a nd will take peak 
powe rs of up to 200 MW fc m' . 

Key Words : Lase r. calorimet er, e nergy , measurement. 

Long-time effects of humidity chan ge on the dielectric 
prope rtie s of c e rta in polym ers, A. H. Scott and W. P. Ha rri s, 
(Proc . 1962 Annual Report Con! Electrical Insulation, Hershey, 
Pa. , Oct. 15- /7 , 1962 ), Natl. Acad. Sci.-Natl. Res . Council Pub I. 
1080 , pp. 41- 44 (/963). 
The res ult s of a stud y of the long-ti me effec ts of humidit y change 
on the die lec tric properties are given for three mat erial s, poly­
e th yle ne, polystyre ne, and polycarbonat e. T he po lyeth yle ne a nd 
polystyrene s pecime ns were di s ks abo ut 4 c m. in diamete r with 
go ld e lec trodes. Meas urement s on po lycarbonate specime ns we re 
made us ing the air-gap method wi thou t contac t e lec trodes. The 
e lec tri ca l properties of so me s pec ime ns we re still cha ngin g a t the 
e nd of three yea rs. The result s a re given in the form of graphs . 

Key Wurds: Die lec tri c properties of ce rt a in polyme rs, humidity 
c hange , polycarbona te , polyethylene, polys tyre ne, properties of 
certa in polyme rs. polym ers. 

Lumped parame t e r impe dance meas urements, L. E. Huntl ey 
a nd R. N. Jones, Proc. IEEE 55, No.6, 900- 911 (june 1967). 
This paper is a tutorial presentation dealing wi th two and th ree 
termi na l lumped parameter impedance measure ments a t radio 
frequencies. Inc luded is a very brief hi s torical d iscussion with par· 
ti c ular e mphasis upon more important recent developments such 
as precision coaxial connec tors and coaxial air line standa rds. The 
re la tion ship of impedance s tandards to standards of le ngth a nd time 
is s hown together with a di scuss ion of ins truments and measure­
me nt techniques in c urre nt use. Special attention is give n to par­
tic ular areas of meas ure ment diffi c ult y. Also inc luded is a presenta­
tion of the state-of-the -art wherein comme rc ial instrumentation is 
co mpared with best practices from the s tand point of accuracy. The 
paper conc ludes with comments and recomme ndations for improving 
meas uremen t a nd meas urement agreeme nt. 

Ke y Words : Capacitance , inductance, impedance and admittance, 
measurement , radio frequency, resistance , st and ards , state·of·the­
art. 

Measurement of RF peak pulse power, P . A. Hudson, Proc. 
IEEE 55, No.6, 851-855 (june 1967). 
Methods for radio and mic rowave meas urements of dielectri c and 
magnetic properti es of mate ri als are ca tego rized , referen ced , a nd 
placed in pe rs pec tive. The refe rence period extends to mid-1966. 
Measureme nt e rrors a re a nalyzed for appropriat e cases whe re 
possib le . 

Key Word s : Re view of radio mate ri als, radio material s measure­
me nt , dielec tri c constant , dielectric loss, ferromagnetic re sonance, 
pe rmeabilit y. 

Micrometer U-tube manome ters for medium vacuum m eas­
urements, A. M. Thomas and J. L. Cross, J. Vacuum Sci. Technol. 
4, No . 1, ] -5 (jan.- Feb. 1967). 
A family of U-tube manometers, s uitable for use as standa rd instru­
ments, has been designed a nd cons truc ted at the National Burea u 
of S tandards to cover the range of pressures from 100 torr to 1 X 10- 2 

torr. In th ese instruments the leve ls of the two liquid surfaces are 
measured by adju sting micrometers with conica l point s ground on 
the e nds of the sp indles. Fou r inch and two inch ran ge mercury 
manometers, with s pindles approachin g the liquid surface from 
a bove, are used for diffe rential or absolute pressure measu rem e nts 
up to 100 torr. Pressures less than 3.5 torr are meas ured with oi l 
manometers, in whic h the micrometer spindles ap proach the 
surfa ces from below. Measurement s made with the me rc ury man· 
ometer have an uncert ainty of about 4 X 10-:1 torr plu s e ight parts in 
one hundred thousand of the reading. Measurements made with 
the oil manomete r have an uncerta int), of about 4 X 10-4 torr plus 
two parts in te n thousa nd of the reading. 

Ke y Words: Vacuum meas urement , manometers, U-tube, microm· 
ete r, o il , me rc ury , water. 

NBS Field-strength standards and measurements (30 Hz to 
1000 MHz), F. M. Greene, Proe. IEEE 55, No.6, 970- 981 (june 
1967). 
A desc ri ption is given of the various C W field-strength s tandards 
and associa ted measure ment instrumentation and techniques de· 
veloped over the past twe nt y-five or thirty years a t the National 
Bu rea u of S ta nda rds. These are use d for the ca libration of both 
comm e rcial and military field- strength me te rs in various frequency 
bands of the ove ra ll range f ro m 30 Hz to 1000 MH z. The techniqu es 
used a re ap plicable onl y for evalu at in g the s tre ngth of steady-sta te, 
ac fi e lds varying sinusoidally in time, and a re not inte nded for use 
in broadband app lica t ions of any kind. 
Two prin cipal t ypes bf field·stren gth standards and a prototype 
near-zone fi eld ·strength me te r are descTibed. These are a s foll ows: 
(a) Magnetic-Field-Strength Standards used over the frequency 
ra nge 30 Hz to 30 MHz for the calibra tio n of CW fi eld -s treng th 
meters emp loying s mall-loop rece iving a ntennas; 
(b) Electric-Field-Strength Standards used over the freque ncy 
range 30 to 1000 MHz for the calibrati on of CW field-strength 
me ters e mploying half-wavelength self-resonant dipole receiving 
an tennas' and 
(c) Near:Zone Electric-Field-StrengtA Meter and Interim Field­
Strength Standards used over the fre quency range 150 kHz to 30 
M Hz for the e va lu ation of haza rds of high-leve l electromagnetic 
radiation to ordna nce de vices and oth er uses. 

Key Words: Magnetic-field-strength standards, elec tri c-field-strength 
standards , nea r- zone e lectric -field-strength s tandard s , ca librati on 
of fi e ld-strength me ters , s tandard-fi eld calibration method , standard · 
antenn a ca libration method. 

P e ak pulse voltage measurement (baseband pulses), A. R. 
Ondrejka , Proc. IEEE 55, No.6 , 882- 885 (june 1967). 
Seve ral methods are IJresentl y being used for the measure me nt of 
pulse voltage. Osc illoscopes are particularly useful ·because th ey 
prov ide information concerning the s hape of the pul se, besides a 
measure of the peak voltage. Besides the oscilloscope, several peak 
voltmeter c irc uit s are me ntioned . Th ese include pulse s tre tc hing, 
sampling , and the s lide bac k method. A standard pulse genera tor 
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is desc ribed which provides a calibrated pul se voltage sui table for 
volt meter calibration and oth e r uses. 

Key Word s : Oscilloscope, peak voltage, pul se, sa mpling, s lideback, 
standard. 

Physical and performance properties of leath er, J . R. Kanagy, 
Book, The Chemistry and Tech.nology of Leather, 4, ch. 64,369-4 16 
(Reinhold Publ . Corp ., New York, N.Y., 1965). 
Thi s chapter gives an outline of the prope rti es of leath er including 
both strength and mechanical properti es such as com pressibi lity 
and flexing. In addition its va lu e as an ins ulator and its stability to 
temperature and a tmospheric conditions are discussed. The nature 
of the hide is described with rega rd to fibe r stru cture and chem ical 
co mposition in order to give a better unders tanding of its properties 
and indicate how it might be modifi ed. The information s hould be 
useful in developing further uses for leather and to s timulate furth er 
research in the s tud y of its properties. 

Key Words : Ph ys ica l properties , mechanical properti es, fiber struc· 
ture, s tability , in sula tor leathe r, hide. 

Precision coaxial connectors in lumped parameter immit­
tance meas urements, R. N. Jones and L. E. Huntley, IEEE 
Trans . Instr. Meas. IM-I5 , No.4, 375- 380 (Dec. 1966). 
Amid the co ncern s urrounding the des ign and application of pre· 
c ision coaxia l co nnec tors for use in precise e lectri ca l meas ure ments 
the re is one area which has received ve ry littl e attention. This has 
to do with the app licat ion of s uc h connectors to meas ure ments in 
the lumped· paramete r region. This paper points out s ignificant 
sources of e rror in lumped·paramete r meas urements which are 
attributab le to connec tor un ce rtainti es and shows how they can be 
grea tl y redu ced throu gh the a pplica tion of precis ion coaxial con· 
nec tors. Whe re these connedors are utili zed in lumped·paramete r 
immitt ance measure me nt s, extensions of frequ e ncy, magnitude and 
acc uracy are rea li zed. Specific exa mples a re di scussed. 

Key Word s: immittan ce, prec is ion, lumped·para meter, meas ure· 
ment , coaxial , connectors, radio frequ ency. 

Pr'ogress in the development of a thermal-shock-resistance 
factor' for bituminous built-up roofing, W. C. C ull e n and T. H. 
Boone, ASTM Spec. Tech.. Publ . 409, 151- /61 (A pr. 1967). 
The res istan ce of bituminous built·up roofin g me mbranes to the r· 
mally indu ced forces is cons id ered in te rms of their strengt h prop· 
erties such as breakin g load in te nsion , modulu s of e longa tion and 
apparent linear the rmal ex pan sio n coeffic ie nt. The development of 
a thermal-shock resistance fac tor is described and values are 
given for three bituminous built·up me mbranes at temperatures of 
- 30 OF (- 34.4 °C), 0 OF (-17.8 °C), 30 OF (- 1.1 °C) and 73 OF (22.8 
°C). The apparent relation between the va lu es ob tained in the 
laboratory and the observed performance of roofi ng memb ranes in 
service is considered. The utilization of the thermal·shock resis t· 
ance factor in the reduction of pote ntial failures of bituminous 
built·up roofin g me mbranes in se rvice from thermally indu ced 
forces is a lso di sc ussed. 

Key Words: Development, roofing membrane, strength properties , 
thermall y indu ced force s, th e rmal·shoc k resistance factor. 

Radio frequency power m easurements, A. Y. Rumfelt and 
L. B. Elwell , Proc. IEEE 55, No . 6, 837- 850 (June 1967). 
Th e need for improved accuracy in and understanding oLall kinds 
of measure ments has co me with the recent rapid advances in modern 
technology. RF power measurement , the subjec t of thi s pape r, is 
no exce ption to thi s requirement. The basic IJrin c iples of bolo me tri c, 
ca lorimetric, and ce rtain other types of power mete rs are re vie wed. 
The me thods for making accurat e RF power measurements a re di s· 
cussed in de tail. Emphasis is given to the tec hniqu es for e liminatin" 
or accoun ti ng for the e rrors due to mis match, dc o r LF subs titution~ 
and bolometer mount e ffi c iency. 

Key \V ords: Power mete r, power measurement, mis match error, 
subs titution error, bolometer mount e ffi ciency. 

RF attenuation, D. H. Russe ll and W. Larson, Proc. IEEE 55, 
No . 6, 942- 1)51) (June 1967) . 

A tutorial review of r·f a ttenua tion measure ment methods and 
s tandards is presented. 
Accepted and proposed definition s a nd attenuator models are di s· 
cussed .. Commonly used s tandards I)perating from d·c through most 
wavegUIde bands are compared with th e " idea l" int e rlaboratory 
s tandard. Characteristics of fix ed res ist ive, waveguide below· 
cutoff and rotary· vane s tanda rds are inc luded. 
Measurement methods are c lass ifi ed a nd described inc lu ding co m· 
ments concernIng convenie nce and accuracy of variou s methods 
and refe rences are given whic h cover most of the basic a nd importan; 
research in the field . 

Ke y Words: Attenuat ion. measure ments, standards coax ial wave· 
guide. ' , 

RF measurements of the speed of light , R. C. Baird , Proc. IEEE 
55, No.6 , 1032-1039 (june 1967) . 
Modern RF meas~rements of the ve loc ity of light are re vi e wed, 
with e mphasis on those methods capable of attain ing an accuracy of 
1.0 km /s or better. The geodimete r and microwave inte rfe rom eter 
methods a re di scussed in some deta il because of the signifi ca nt 
role they have played in arriving at our present va lu e for c. Serious 
limitations of the mic rowave reso nant cavity method are pointed out 
and brief mention is made of the elec trica l units and band spectrum 
method s. A recent measureme nt by Ka rolus and He imberge r, who 
obtained the valu e 299 792. 1 ± 0.2 km/s, is mention ep. Some expe ri . 
me nta l factors th a t sho uld be cons ide red in pla nning future ve locity 
of li ght measurements a re presented , a nd an experiment invo lving 
lasers, now in progress at NBS, is described bri e fly . The conclu sion 
is that the presentl y accep ted value of 299 792 ± 0.3 km/s is still 
val id . On ly two or three measure me nts have been co mpl eted s ince 
its adoption nea rl y ten years ago and they a re not of suffic ient ac· 
curacy to warrant a reeva lu a tion of c. 

Key Words: Velocity of li ght , revie w, methods and limitations, 
recent result s. 

Sampling of leath er' fOl' physical and c h e mical examina tion , 
.I . Mandel and .I . R. Kanagy, Book , The Chemistry and Tech.nology 
of Leather 4 , ch.. 59, 223- 242 (Reinhold Publ. Corp. , New York, 
N.Y. 1965). 
A presentation of so me general princ ipl es of sa mplin g, with app li ca· 
tion to the sampling of leather. 
The topics discussed in thi s chapte r incl ud e: 

1. General stati sti ca l princ iples of samp ling: effec t of sample 
s ize and of lot s ize: 

2. formul as for th e de termination of sa mple s ize: 
3 . the se lec tion of a samp ling locat ion on a leathe r side: 
4. tabl es of the variabi lity of phys ica l and che mi cal tes ts between 

loca tions and betwee n hides : 
5. acceptan ce sa mpling: and 
6. a survey of the lite rature. 

Key Words: Sampling, Leather , quality control , s tatistics, test varia­
bility , acceptance sampling. 

Standards for galvanomagnetic devices, S. Rubin Wroc. 
Committee on Hall Effect Applications , Cambridge , Mass ., Nov. 
8- 9, 1965), Book. Solid State Electronics 9, No. 65, 559- 566 (Per. 
gamon Press, fnc. , New York , N.Y., 1966). 
A summary is give n of exis ting and " in·process" standard s for 
ga lvanomagnetic devices. Controversia l ite ms in the IEC s ta ndard 
for Hall e ffect dev ices, 47(Secretariat)196. May 1965, are re vi ewed, 
and note is made of USA and J apanese comme nts on thi s document. 
ltems in the USA document , 47(USA), September 1965, comm enting 
on 47(Secretariat)196, are revie wed, and particular e mphasis is 
give n to items relating to linearity error, particularly as a pe rcent of 
reading, to residual voltages, and to sensitivity indices. 
A summary of items in an " in·process" document for " Standard 
Definitions and Terminology for Magne tores is tive Dev ices," is 
given. The concept of compatibi lity betwee n definiti ons for flux 
and temperature sensitive resistors (i .e ., magnetores istors, the rmis· 
tors, and photoresistors) is introduced. Some ove rl a ppin g a reas of 
application are noted. The linear input·output charac teri s tics o btain· 
able from a device which has a square law c harac te ri s ti c is noted and 
appropriate definitions for both characteri s ti cs are introduced. 
Copies of four documents dealing with standard terminology and 
definitions for Hall effect devices are included as appendices. 
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Ke y Words: Hall effect device, magnetoresistive device , magne­
toresistor, Hall element, standard terminology, galvanomagnetic 
device. 

Some accuracy limiting effects in an atomic beam frequency 
standard, R. J. Harrach, Proc. 20th Annual Symp. Frequency Con­
trol, Atlantic City, N.j., Apr. 19-21,1966, pp. 424- 435 (1966). 
The accurate resonance frequency of the transition 

(F, MF) = (4, 0) ..... (3,0) 

in the ground state of cesium-133 is expressed in the form of an 
operational equation for an atomic beam spectrometer. Emphasized 
are the terms in this equation which correct for the beam direction 
dependence and radiation field dependence of measured resonance 
frequencies: '/2(V,cs;(p,)+v,es/P,))_1/2(S;+Sj)p', where i andj refer 
to opposite beam directions through the apparatus, P, is the micro­
wave power exciting the transition, and S; and Sj are rates of linear 
frequency shift. The results of a detailed theoretical analy~is are 
given which specify the contriblHions to these terms by various 
apparatus and fundamental shift-inducing effects. 
This approach to accuracy specification is applied to the United 
States frequency standard, a National Bureau of Standards atomic 
beam machine designated NBS III, through a set of experiments 
using an atomic hydrogen maser as a highly stable reference fre­
quency source. The corrections determined are - 3.2 X 1O~'2 for 
beam direction dependence, - 2.2 X 1O~ '2 for power dependence and 
+ 0.4 X 10 ~ '2 for second-order Doppler shift. The uncertainties in 
these corrections and contributions from other sources give a 
present 10' estimate of accuracy capability of ± 1.1 X 1O~ '2 for NBS 
III. This figure should be reducible by one order of magnitude 
through efforts to eliminate systematic errors in the measurements 
of v resi and vresj" 

Key Words: Accuracy, cesium beam, frequency shifts , frequency 
standard. 

Superconducting devices, T. M. Flynn and K. D. Timmerhaus 
(Proc. Intern. Inst . Refrigeration Meeting ofComm. 1, Boulder, Colo., 
June 15- 17, 1966), Book, Liquid Helium Technology, Bull. IIR 
Annexe 1966- 5, pp_ 459-490 (Paris , France, 1967). 
Superconductors may be treated as engineering mate rials having 
three unusual properties: (1) a transition occurs between two 
different states which depends upon external parameters, (2) zero 
resistivity is exhibited in one state, and (3) perfect diamagnetism is 
exhibited. 
This paper views superconductors in this way, as engineering 
materials , and examines applications of these properties. Examples 
include applications of superconductors to thermometry, bolometery, 
level gauging, rectifiers, magnets (briefly), bearings, motors, electron 
microscope lenses , and a helium pump. 

Key Words: Bearings, bolometer, electron microscope, helium, 
hydrogen, level gauging, liquid level, magnet , motor, pump, rectifier, 
solenoid, superconductivity, switch, temperature, thermometer. 

The Measurement of baseband pulse risetirnes of less than 
10~" seconds, N. S. Nahman, Proc_ IEEE 55, No.6, 855- 864 (june 
1967). 
This is a review paper dealing with the measurement of fractional 
nanosecond pulse rise time in which the following subjects are 
discussed: oscillographic systems, pulse comparison techniques, 
a basic instrumentation system, and the distortion of pulses by trans­
mission lines. Extensive references are provided. Included in the 
discussion is a delineation of equivalent time oscillographic sampling 
systems and a classification into three sampling categories: sequen­
tial, random, and multiple. Also considered are single transient oscil­
lographic systems employing either traveling wave deflection 
structure cathode ray tubes or multiple sampling methods. In order 
to clearly present the rise time limitations caused by TEM trans­
mission lines, attention is given to the distortion incurred by pulses 
upon passing through such lines . Some suggestions and predictions 
relating to future work are presented. 

Key Words: Baseband pulse rise-times, basic instrumentation 
system, fractional nanoseconds pulse rise-times, oscillographic 
systems, pulse comparison techniques , pulse rise-times. 

The measurement of current at radio frequencies, W. W. 
Scott, Jr. and N. V. Frederick, Proc. IEEE 55, No.6 , 886- 891 
(j une 1967). 
The state·of-the-art of radio·frequency current measurements is 
reviewed with emphasis on what the authors consider are the most 
useful current standards. In pal'l'icular, thermocouple and electro­
dynamic ammeters are discussed in detail. Reference is made to 
photoammeters, air thermometer ammeters, and other types of 
current measuring apparatus, some of which deserve additional 
development. Extensive referencing is included for the convenience 
of investigators interested in an intensive review of radio-frequency 
current measurements. 

Key Words: Ammeter, calibration, current, electrodynamic, meas­
urement, radio·frequency, standards, thermocouple. 

The role of the CCRL, J. R. Dise, Construct. Specifier 20, 54- 60 
(ju.ne 1967). 
The history and methods of operation of the Cement and Concrete 
Reference Laboratory are deseribed together with the benefits 
which can be derived from the inspection of cement and concrete 
testing laboratories . 

Key Words: Cement and concrete testing laboratories, inspection of 
cement and concrete testing laboratories. 

Transistorized UHF marginal oscillator and its application 
for the measurement of the magnetic flux density, S. Rubin, 
Proc. IEEE Letter 53, No.9 , 1249- 1250 (Sept. 1965). 
A transistorized marginal oscillator operating in the UHF region 
has been used to measure magnetic flux density in a Helmholtz 
coil at 17.5 mT, with an accuracy of better than a part in 103 . The 
instrument uses plug-in OSCIllator modules to simplify frequency 
changing. The results achieved indicate the feasibility of such a 
device for measurement of magnetic flux density in the 1 to 50 mT 
range in industrial environments and with accuracies approaching 
a part in 104 

Key Words: Density , magnetic flux , flux density, magnetic flux dens· 
ity, marginal oscillator, oscillator, marginal, UHF marginal oscillator. 

UHF and microwave phase shift measurements, D. A. Eller· 
bruch, Proc. IEEE 55, No.6, 960- 969 (June 1967). 
A phase shift standard, a measurement system and the techniques 
for determining the corresponding limit of uncertainty are all 
required for obtaining the phase shift characteristics of UHF and 
microwave components. Differential phase shift standards, measure­
ment techniques and measurement uncertainties are all discussed 
in a general sense and a comprehensive bibliography is included 
to supplement the general discussion. 

Key Words: UHF, microwave, phase shift, measurements, stand­
ards , uncertainties. 

Voltage measurement at high and microwave frequencies in 
coaxial systems, M. C. Selby, Proc. IEEE 55, No. 6, 877- 882 
(june 1967). 
The progress and up·to-date state of the art in measuring voltages 
at frequencies to 10 GHz and higher at three accuracy echelons is 
briefly described. The trend toward higher frequencies in voltmeter 
design is indicated . .Justifications for this trend are listed. Advan­
tages of voltage measurements and standards over computation 
of voltages from power and impedance measurements are briefly 
discussed. Some pending development problems are indicated and 
major steps are proposed to improve the application of voltmeters 
at frequencies above 30 MH7-

Key Words: Voltage measurement, high frequency voltages, .micro· 
wave voltages, standards of rf voltage. 

Computer languages and their use, S. N. Alexander, Am. Mgmt. 
Assoc. Mgmt . Bull. 79,8-12 (1966). 
Three levels of computer programming languages are discussed in 
terms of their effectiveness as tools for solving the man/machine 
interface problem. In this respect, the least effective of the three 
is the assembly level language which in general is used only when 
maximum system performance is required. At the next level of 

106 



e ffec tive ness are the l>rocedure-oriented languages s uc h as FOR­
TRAN , COBOL and ALGOL. In general , these are a t a level of 
abstraction cons ide rably above that of mac hine commands, but 
a re still not at the working le ve l of the a ve rage app lication analyst. 
The third le ve l, proble m oriented lanl!uages, a re generally much 
c lose r to the specific mode of ex press ion used by the analyst in 
d esc ribing the so lution to a given proble m. Severa l examples of 
thi s type of language are given including some that make use of 
orde red or graph ical arrangeme nts of inputs to fac ilitate the external 
mode of express ion. The paper concludes with brief di scussions of 
software documentation and the economic aspects of software 
deve lopment and utilization. 

Ke y Words : Problem-orie nted languages, software usage, man! 
machine inte rface problems, economics of software , documentation 
o f software. 

R e lwesentations of discrete groups, J. Lehner, Proc. Symp. 
Pure Mathematics, Ca liJornia Institute oj Technology, Pasadena, 
Cali/. , Nov. 21- 22, 1963 , ch. VIII , Theory of Numbers , PI' . 203- 208 
(A merican Mathematical Society, Providence, R.I ., / 965). 
It is shown th at certa i n properti es of a c lass of finite ly generated 
a bs trac t groups known a s F -groups a re preserved whe n the F -I!roup 
is imbedded in SL(2, reals) as a di sc re te matrix subgroup. Thu s t he 
a bs trac t s tru c ture of the F -group de te rmines to a certain extent the 
topological properti es of the matrix gro up. 

Key Words: Abstract groups, di sc re te groups, F -groups, matrix 
~roup s. 

The mathe matical representation of physical e ntities, C. H. 
Page, IEEE Trans. Educ. E-I0, No.2, 70- 74 (june 1967). 
Mathematics comprises abstract ope ration s upon abs trac t e le­
me nts. For the applica tion of mathe matics to the sc ie nces, we must 
not only know the rul es for manipulating s ymbo ls, but mu st also 
de fin e the co rres pond e nces be tween th e mathematical abs trac tions 
and the concepts to whi ch applicat ion is made. 
Certain bas ic pos tul a tes abo ut physical observables yield the 
s tru c ture of the ir math e matica l re prese ntatio n. An unders tanding of 
thi s s tru c ture yie lds an ind ersta nding o f measure equations, qua n­
tity equations, measure ments units, abs trac t units , a nd the mathe­
ma ti ca l nature of dom ensiona l a nal ysis . Writing equations in a 
d ime ns iona ll y homogeneous form is often convenient, but not 
necessary: sometimes an inhomogeneo us formu la tion is more 
useful. 

Key Words: Abstrac t unit, angle, dime ns iona l a nal ys is, measurement 
unit , numeric, quantity calculu s, quantity equation . 

Noise standards, m e asurements, and I'eceive r noise d efi ni­
tions, C. K. S. Miller, W. C. Daywill, and M. G. Arthur, Proc. IEEE 
55, No .6, 865- 877 (june 1967). 
This paper covers four topics: (1) bas ic princ iples o f noise measure­
me nt , (2) the s witching radiome te r, (3) a survey of noise sources, and 
(4) concepts of noise fac tor and noise te mperature_ The firs t sec tion 
prese nts bas ic formulas used in analyzing radiomete rs. The second 
di scusses the s witc hin g radiomete r brie Ay trac ing its development 
a nd usage in the standards fie ld . The third sec tion surveys the 
de ve lopm ent of hot a nd co ld the rmal noise sources, noise diodes, a nd 
gas-discharge noise ge nerators. The las t sec tion prese nts and di s­
c usses the basic de finiti ons of receiver noise performance. 

Key Words: Radiom ete r , noise source, noise fac tor, noise tempera­
ture , error ana lysis. 

On the proble ms of m easuring transient t e mpel'ature in 
cryogenic fluids, C . E. Mille r and T . M. Flynn , ISA Trans . 6, 
No . 2, 133- 138 (Apr. - June 1967) . 
The complex and frequ e ntly unpred ictable e ne rgy excha nge mech­
a ni s ms that I!0vern the dynamic behavior of cryogenic sensors 
makes the measurement of trans ient te mpera tures extremely dif­
fi c ult. Without suitable models by which to predic t and evaluate 
sensor pe rformance, considerable measure ment e rrors can a nd do 
occ ur. The intent of thjs paper is s imply to de lineate in detail those 
fac tors which give ri se to this s ituation. The validit y of us ing notions 
ba sed on the performance of the " ideal" the rmometer for charac­
t.e rizing the c ryoge nic c ase is al so di scussed. 

Key Words: Cryoge nic, instrume ntation, measurement , metrology, 
response time, sensor, te mpera ture, the rmom ete r, time constant. 

The use of semiconductors 1'01' the s tudy of boiling heat 
transfer to low tempe rature liquids, C. G. Harm an and L. H. 
Gordy, Cryogenics 7,89- 92 (A pr. / , / 967). 
It is shown that semiconductors, such as s ili con and ge rmanium, 
can be advantageously used to s tud y boilin!!; heat tran sfe r from soJ.ds 
to low temperature liquids. Measure me nts ca n be made quic kly 
and automatically. Widely diffe re nt types of res is ta nce ve rsus t.em­
perature characteristics can be obtained fro m these mate ri a ls and 
such characteri stics elm inAue nce the nat.ure of the nu clea te to 
film-boiling trans ition. Becau se these mate rial s have large pos it.ive 
te mperature coe A-ici e nts of res is tance, the transitions a re the rmall y 
self-regulating. All heat Aux data obtained from s uch samples li e 
well within normal experimental va lues. 

Key Words: Semiconductors , c ryogenic heattrar.s fe r, measure me nts. 

Uiffusion and the Kirkendall shift in binary alloys, J. R. 
Manning, Acta. Met_ 15 , 817- 826 (May 1967). 
In a lloys, the direc tions of s uccess ive vaca ncy jumps a re correlated 
to one another. This te nds t.o reduce the ne t vaca nc y Aux in a Kirk ­
endall shift experime nt. The magnitude of the vacancy Aux , in ­
c luding corre lation e ffec ts, is ca lc ul ated assuming that vacancies 
are not bound to an y partic ular atom s and that flu c tuations in aver­
age loca l composition can be ignored. New equations for the in ­
trin sic diffu s ion coe A-i c ie nts , Kirke ndall s hift, a nd interdiffu s ion 
coe ffi c ient in binary a ll oys a re obta ined. The Kirke nda ll shift and 
inte rdiffu s ion coeffi c ient give n by these equations are large r tha n 
those pred ic ted by Dark en but s malle r tha n those obtained when 
vaca ncy corre lations are neglec t.ed . The appeara nce of c ross te rm s 
and additional diagona l te rms in the ge nera l the rmod ynam ic equa­
tions is di scussed. 

Key Word s : Diffu s ion, vacanc ies, Kirkend a ll shift. diffu s ion co­
e ffi c ients, binary a lloys , the rmod yna mic equ a t.ions for diffu s ion. 

Oigital COllllmters, E. W. Cannon, Book, Encyclopedia oj Physics, 
Ed. R. M. Besancon, Pl' . 124- 125 (/? einhold Pu.bL. Co rp ., New York, 
N_Y. , 1966). 
A genera l description of ana log and dig it.a l comput.ers is provided. 

Key Words: Analog digit.a l co mpute rs, co mput.e rs-a nalog, digita l 
comput.e rs. 

El1'ect on c hromatic aberration on the resolving power of 
l}hotogral)I,ic objectives, F. E. Was he r, J. Opt. Soc. Am. 57, 
No.5 , 625- 629 (May 1967)_ 
An e mpirica l method for the es tima t.i on of t.h e probable resolving 
power of a lens affec ted by longitudina l c hromat ic abe rration is 
di sc ussed. Va lues of the reso lving power a t a se r ies of va lu es of 
the fnumber a re ca lculated for se lec ted va lues of longitudina l 
c hromati c aberration, de. The variation of reso lving powe r with 
f number is present.ed graphica ll y for se lected values of longitudina l 
c hromati c abe rration and re la tive contrast. Indication is give n of a 
c riti cal aperture for 'which the resolving power is a maximum for 
a given se t of values of chromatic aberration and rela tive contrast. 
T he variation of re lative contrast with reso lving power is prese nted 
graphicall y for se ve ra l values of the f number fo r a le ns hav ing 
selec ted a mounts of longitudinal chromatic aberration. A method 
for predic ting the reso lvi ng power of a give n lens- film combination 
is a lso indicated . 

Key Words: C hromat ic aberration , reso lving power, c riti ca l aperture, 
re lative contrast. 

Hamilton's mixed and angle c hal"acteris ti c function s and 
dil1'raction abe rration theory, A. B. S hafer , J. Opt. Soc. Am. 
57, No.5 , 630- 639 (May 1967). 
The use of Hamilton ' s mixed and angle charac te ri s ti c fun c tions in 
wave and diffrac tion aberration calculations is t.heo re ti ca ll y ex­
amined. The re lation of Hamilton 's mixed a nd angle charac te ri sti c 
func tions to the wave aberration func tion is s hown. From thi s re la­
tion a wave abe rration fun ction is de rived . The mixed and angle 
characteristic fun ctions as utilized in diffrac tion theory via the 
Lune berg-Debye integrals are examined. The mathematical and 
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phys ica l approximations are di scussed. The use of the Lu ne berg. 
Oebye diffrac t ion integrals for image e valua tion is examined a nd 
some dif-n(;ulties are pointed out. It is conclud ed th at the abo ve 
methods are poor approxi mat ions to more ri gorous methods. 

Key Words: Hamilton' s characteris ti c func tions, diffrac tion , 
aberrat ion. 

Lectures on critical phe nome na, M. S . Green (Proc. Summer 
School of Theoretical Physics, Cargese, Corsica, Summer 1964), 
Book, Cargese Lectures in Theoretical Physics·Statistical Mechanics, 
Ed. B. Jancovici, pp. 59- 88 (Gordon and Breach Publ. , New York , 
N.Y., 1964). 
Some speculative ideas on the theory of c riti cal phenomena in 
liquid vapor syste ms are presented. As a background for these 
fundam ental maximum principles of s tatist ical mechanics, thermo· 
dynamics of phase changes in the activity temperature plane and 
sequence of Legendre transformations are discussed. It is s u~· 
gested that c rit ical phenomena will be simpler when expressed In 

term di stribution functions rathe r than the potentials and tha t the 
critical points correspond to the ex is tence of the zero e igenvalu e of 
the de rivative matrix of the transport from potentials of average 
force to potentials. 

Ke y Words: Critical phenomena in liquid vapor systems, liquid 
vapor systems, statistical mechanics, thermodynamics of phase 
changes. 

Light scattering from time-dependent molecular orienta­
tions at Raman frequencies in liquids, M. McClintoc k, D. A. 
Je nnings, and M. Mizushima, Bull. Am. Phys . Soc. 12, Series II, 
No. 5, 711 (May 1967). 
The profiles of several Raman lines arising from nontotally sym· 
metri c molec ular vibrations in liquid benze ne and carbon tetra· 
chloride have been measured using 4880 A radiation from an argon 
ion laser as a source of illumination. These profiles have been 
analyzed on the assumption that scatte ring occurs from time· 
dependent molecular reorie ntations of small angle in the liquid, 
analagous to those producing depolarized scattering at the Rayleigh 
line. On this basis, the half width at half maximum of the 606 cm- ' 
Raman line in benze ne was found to be" 3.3 c m- ' , and the half width 
of the "orientation" line underlying this Raman line was found to 
24.3 cm- '. The rotational re laxation time calc ulated for the v,. 
vibrationally excited molecule is the refore 1.38 X 10- 12 seconds. 
This is short compared with a pe riod of rotation and supports the 
assumption of rotational Brownian motion. It is also shorter than 
the rotational relaxation time for the molecule in the ground vibra· 
tional state, and indicates that the re is weaker rotational coupling 
be tween molecules in the ground state than between vibrationally 
excited molecules and those in the ground state. The depolariza· 
tion ratios of the Raman and the orientation components of the 
606 cm- ' line for linearly polarized incident light were found to be 
0.748 and 0.749, respectively , in agreement with the theoretically 
predicted 0.750. 

Key Words: Benzene, carbon te trachloride, Raman scattering. 

Measurements in a turbulent boundary layer maintained in 
a nearly separating condition, W. G. Spange nberg, W. R. Row· 
land, and N. E. Mease (proc. Symp. Fluid Mechanics of Internal 
Flow, General Motors Research Labs., Warren, Mich ., 1965), Book, 
Fluid Mechanics of Internal Flow, Ed. G. Sovarn, pp. 110- 151 
(Elsevier Publ. Co., Amsterdam, The Netherlands, 1967). 
A turbule nt boundary laye r on a s mooth , Aat wall was investigated 
where the pressure was increasing with inc reas ing di stance down· 
stream suc h as to maintain the bou ndary layer in the condition of 
near separation. The investigation was conducted with air Aowing 
in a channel having the boundary·laye r wall as the bottom. The 
width was sufficient to permit realization of two·dimens ional bound· 
ary.laye r Aow. Venting and s loping incorporated in the upper wa ll 
provided the control of pressure gradient by progressive ly decreas· 
ing the ve locity within the duct with increasing di s tance downstream. 
The maximum free·stream ve loci ty was a lways about 84 ft per sec. 
The depth was suffi c ient to realize a free s tream a bove the boundary 
layer except at the farthe r downstream positions where the bound· 
ary·laye r Aow itself reached the upper wall and escaped through the 
vents. Measurements of turbulence as we ll as of mean Aow are made 
in order to reveal more of the mechanics of such Aows than hitherto 

known. Meas urements of tu rbulence were made with hot· wire 
ins trumentation , and these comprised turbulence inte nsity , trans· 
verse integra l scale , and turbule nt shearing s tress. Mean veloc ities 
we re measured both with the hot·wire a nemomete r and total· head 
tube. Sk in fri c tion was est im ated from mean·veloc ity profiles. Re· 
suits were obtained for two s lightl y different press ure distributions, 
one yielding a closer approac h to separation and vanishing skin 
fri c tion than the other. 

Key Words: Boundary layer, adverse pressure, turbulence, near· 
separating Aow , s kin fri c tion near·zero , turbulent boundary layer. 

Neutron cross section evaluations-past , present , and fu­
ture, K. Parker, O. T. Goldman, and L. Wallin (Proc. Intern. Atomic 
Energy Agency Can! Reactors , Vienna , Austria, 1966) , Book, Nuclear 
Data for Reactors II , 292 (1967). 
A li s ting in co mpute r output of all known neutron c ross·sec tion 
evaluations pe rformed throughout the world is give n. 

Key Words: Neutron, c ross sec tion, evaluation , compila tion , nuc le ar 
reac t ions . 

NBSR converter tube, C. F. Kupiec and C. O . Muehlha use, 
Trans. Am. Nucl. Soc. 9, No.2, 582- 583 (Nov. 1966). 
There are plans to incorporate a high·power·density fast·neutron 
converter tube in the National Bureau of S tandards lO·MW Re· 
searc h Reactor, the NBSR. The purpose of suc h a facility would 
be for radiation effects studies where the Aux is free [rom a thermal· 
neutron component. A conve r te r of thi s type would allow the ex· 
perimenter to irradiate relatively large samples without allowing 
the m to become excessively radioactive or appreciably perturb 
pile reactivity . 

Key Words : Fast neu tron , converter (ube, research reactor, radia tion 
effec ts, the rmal neutwn, radioac tive, pile reactivity, NBSR. 

Photographic standardization and research at the National 
Bureau of Standards, C. S. McCamy, Appl. Opt. 6, No. 1, 27- 30 
(jan. 1967) . 
The Photographic Research Section of NBS provides physical 
s tandards of measure ment and ca libration services, cooperates 
with national and international s tandardizing organizations, and 
conducts researc h rela ted direc tly to the utilization of photographic 
material s and processes. S tandardiza tion and researc h in sens i· 
tometry, s tandard light sources, e muls ion making, preservation of 
photographs , prec ise densitometry, and image evaluation have 
s panned a half century. 

Key Words: Photography, standardization , de ns itometry, NBS. 

Radiation-field-dependent frequency shifts of atomic beam 
r esonances, R. J. Harrach. ]. Appl. Phys . 38, No.4 , 1808- 1819 
(Mar. 15, 1967). 
Radiation field dependent fre quency shifts arising in atomic beam 
spectroscopy are treated theoretica ll y a nd experimentally. S hifts 
due to fundam ental and un a voidable interactions between the 
radia tion fi e ld and the a toms comprising the beam are distingui shed 
from those due to various "apparatu s effects ." Precise measure· 
me nts of frequency shifts are made for a ces ium beam experienc ing 
Ramsey·type exc itation. For the magnetic field·sensitive transitions 
(F, M,,) = (4, ± 1) - (3, ± 1) the magnitude of the shifts is about 1 
part in lO"' of the resonance fre que ncy value, per milliwatt va ri a tion 
of input powe r to the radiation fi e ld. The shifts vary with input 
intensity in a non· monotonic fashion , and are shown to result from 
non·u niformity in the stati c magnetic c·field of the apparatus. Much 
s ma lle r shifts of about 5 part s in 10 13 per milliwatt are observed 
for the magne tic fi e ld· insensitive transition (F, M,,) = (4, 0) - (3, 0). 
The major features of these s hifts are shown to arise from spectral 
impurities in the radiation exciting the transition and a s mall phase 
difference between the pair of separated radiation fi e lds. The 
bearing these results have on evaluating the accurac y of an a tomic 
beam frequ ency standard is discussed. 

Key Words: Frequency shifts, atomic beam, radiation fi eld , cesium 
beam, and frequency standard. 
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Report on International Conference on CI'ystal Growth 
(lCCG), R. L. Parker Wroc. Intern . Ca n! Crystal GrolVth. Boston , 
Mass., Dec. 1966) . I'hys. Today 19, No. 12, 109- 111 IDee . 1966). 
An International Conference on Crys ta l Growth (l CCG) took place 
June 20- 24. 1966 in Boston. The purpose of the Conference was to 
furth er the science and art of c rys tal ,,: rowth by providin g: a forum 
for reporting: and discuss in!( recent original research in this field. 
The prese nt report !!ives a brief summary of ce rtain of the technica l 
subjects dea lt with at th e Conference. 

Key Word s : Crystal. c rysta l grow th. inte rna tiona l conference, ICCG. 
report. 1966 ICCG. 

Scaling. law equation of state for gases in the critical reltion, 
M. S. Gree n, M. Vincentini ·Missoni . and J. M. H. L. Sengers. Phys . 
Rev. Letters 18, No. 25, 1113- 111 7 (june 19, 1967). 
The Widom·Kadanoff scalin!!· law equa tion of state has been con· 
firmed for a varie ty of !(ases in a range of ± 50% of the c ritical den· 
sity and within a fe w percent above and be low the c riti cal tempera· 
ture. Using a new proced ure motivated by the sca ling law the 
exponent 8 describing the shape of the criti ca l isotherm was found 
to be close to 5 while th e compressibi lity exponents y and y ' were 
found to be both equa l to about 1.4. 

Key Word s: Scaling law , c riti ca l region , gases, c riti ca l exponents , 
criti ca l isothe rm , compress ibility, density !(radients, !(ravity e ffect. 
equation of s tate . 

Shubnikov·de Haas effect in SrTiO", H. P. R. Frede ri s ke, W. R. 
Hosle r, and W. R. Thurber, Phys. Rev. 158, No.3, 775- 778 (june 15, 
1967). 
The magnetores is tance of semiconduc ting SrTiO" has been inves· 
ti gated in hi gh magne ti c fi e lds (up to 150 kOe). In the tempe rature 
range 1.4 to 2.1 OK, for field s of more than 50 kOe, well developed 
oscill at ions have bee n observed. The data support a conduct ion 
ba nd cons is tin!( of sphe roids along the < 100 > c rys talline axes, 
having 3 minima at the points X". The pe riod s of oscill ation as well 
as the temperature de pendence of the amp litude and the magne ti c 
fi e ld sa turation lead to the fo llowing values for the trans verse and 
longitudina l effective masses: m, = 1.5mo± 15% . ",, = 6.0m,, ±30%. 

Key Words: Band s tructure, high magne ti c fi e ld , osc illatory mag· 
ne tores istan ce . S hubnikov·de Haas e ffec t, s trontium titanate. 

Some chal'aeteristic of commonly use d time sca les, G. E. 
Hudson , I>roc. IEEE 55, No . 6, 8 15- 82 1 (june 1967) . 
The conception that time or duration is the a bility of sys te ms to 
expe ri ence e vents in a time sequ ence and to ass ign the sa me order 
to event sequences caused by othe r time sequences of events is 
examined. Time scales are defined idea lly as the num erica l measures 
wh ich ('an be ass igned to spec ifi c time sequ ences of eve nts accord· 
ing to the theoretical ana lysis app licable to s pec ifi c physica l sys te ms. 
Discuss ion of these ideas leads to the notions of phase and frequen cy 
and frequ e nc y s tandards , and to the theoretical and experimental 
bas is for rea li zing a tim e scale. Examples of such realizations occur 
with the universa l sca les, the atomic scales, and the ephemeris 
scale, which are a ll de fin ed ideally a nd then realized by the obse rva· 
tions of spec ifi c physica l systems and the use of the corresponding 
physica l theo ri es. There is a problem in the independent co·existence 
of gravitationa l and atomic scales which leads to the need for 
co ntinued co mpari son, observation. and theoretical study. 
Since llJ58, se veral atomic c loc ks following various time scales have 
been maintained and a re used in the control of standard frequ ency 
and time signal emissions from various radio stations. Several 
broadcas t systems involving differe nt time scales have evolved and 
are be ing s tudied. Two of th ese, d es igna ted as universa l coordinated 
time (UT C) a nd s te pped atomic time (SAT) are coord inated inte r· 
nationa ll y and a re useful in making the unive rsa l tim e information 
on the UT2 sca le ava il a ble to a ce rtain approximat ion. Offse ts in 
ca rri e r freq ue nc ies a nd tim e pu lse ra tes, and s teps in pulse sequ ence 
epochs are used to de rive the auxili ary approximating scales from a 
uniform atomic one. Stat isti cal btudies indicate so me, but not muc h, 
difference in the choi ce of such sys tems. The CC IR is attempting 
to stimulate furth e r investigations of the need and use of uniform 
scales of tim e on broadcasts, bette r ways to present universal scale 
information of use in navigation and in s tudying and knowing 
about earth rotation rates , the more efficient use of the electromag· 

netic spectrum for these broadcas ts. and the international definition 
of a composite, uniform , refe rence sca le of time. 

Key Words: Time. time sca les, broadcas t time s i!(nal s, time and 
frequency stand ards. s ta ndard frequ e ncy and tim e si!!na ls. 

The calculation of nucleal' cross·seetions by the optical 
model, D. T. Goldman (Proc. Intern.. Atomic Energy Agency Can! 
Nuclear Data for Reactors, Vienna , Austria, 1966), Book, Nuclear 
Data/or Reactors I , 339- 364 (1 967). 
It is well recognized that the re will always be lim ita tions to the 
amount and certainty of microscopic nuc lea r c ross·section data 
which are available for direc t input into reac tor des ign calcul at. ions. 
Therefore , scattering mode ls for the interac tion betwee n in c ide nt 
nucleons and the target nuc leus have been proposed and used to 
obtain appropriate values of necessary c ross·sections, both where 
experimental data are lac king and to differe ntiate be tween confli cting 
data. The generic te rm for s uc h compu ta tions is convenientl y 
"optical model calculations" wh ere in the two·body inte rnucleon 
pote ntial is replaced by an e ffective nuclear potential. 
This paper presents a sys te matic derivation of nucle ar cross-sec tions 
beginning with the interaction be tween a n inc ident partic le and the 
target nuc leons. The replacement of the exact potential by an 
effec tive potentia l results, to first order, in the ordinary time· 
independent Schriidinge r equ a tion. This equation, inc luding a 
complex and spin·orbit potential is so lved for the resultant wave 
fun c tion . By writing the wave fun c tion in its scatte ring so lution 
form , it is poss ible to compute the shape elas ti c c ross· sec tion and 
the pol arization direc tl y in Le ngendre mome nt expansions . The 
compound nuc leus c ross·sec tion , as given orig ina ll y by the stati s tical 
model of Hauser and Feshbach, arises natura lly by exa minino- the 
total wave fun ction . By using the entire so lution, inc ludin; the 
complete interaction potenti a l, it i poss ible to ge nera lize these 
ca lculation s to include the effec t of non·sphe ri ca l potential s and to 
de rive the di storted wave Born approximation . The equations de rived 
in thi s manner have been used in writing ABACU ·1 and OPTIC, 
two widely utilized optical model programmes de veloped by co l· 
leagues and the author at Knoll s Atomic Power Laboratory. The 
results obtained from calculations with suitably adjus ted pote ntial 
paramete rs, have provided confidence for furth e r use of these 
opt ica l model techniques in providing c ross·section information. 

Key Word s: Calculations, c ross sec tion , nucl ea r c ross sec tions, 
nucleus, neutron , optica l model, scatte ring. 

The e ffect of other metallic ions on the e lectrocrystallization 
of silver from nitrate sol utions, .I . P . Young, Plating, pp. 1- 4 
(Mar. 1967). 
Silver dendrites of various configuration a nd form s were grown 
elec trolyticall y on s mall cathode s urfaces in s ilve r nitrate solutions 
to which s mall amounts of other meta l ions had been added to alter 
the charac te ri s ti cs of the non·epitax ial s ilve r formation s. 

Key Words: Dendrite , e lectrocrys tallization, silve r, c rys tal growth , 
elec trodeposited crystals, e lectrodeposited dendrites. 

The effects of rotor deceleration on equilibrium sedimenta· 
tion experiments, I. H. Billick, M. Dishon, M. Schulz , G. H. 
Wei ss, and D. A. Yphantis , Proc. Nat l . A cad. Sci. 56, No.2 , 399 
(Aug. 1966). 
It is the purpose of this note to present some results of a combined 
numerical and theoretical analysis of rotor deceleration, applicable 
to equilibrium sedimentation experiments. These results indicate 
the magnitude of errors in the data from sedimentation experiments 
where rotor slowing occurs. Of possibly greater interest is the con· 
clusion that artificially induced rotor slowing can be used to sub· 
stantially speed up equilibrium sedimentation experiments. We 
have developed the theory for the rectangular approximation to 
the Lamm equation , and concurrently solved the Lamm equation 
numeric ally by a method already described. Detail ed accou nts of 
both the theoretical analysis and the numerical results will be 
presented elsewhere. 

Key Words: Centrifuge, sedimentation , rotor deceleration, equilib. 
rium sedimentation, Lamm equation. 
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The momentum autocorrelation function in a Bcrnoulli 
chain , R. J. Rubin and P. Ullersma, J. Math. Phys. 7, No. 10, 
1877- 1885 (Oct. 1966). 
This paper is devoted to the s tudy of the statistica l dyna mics of 
the small a mplitude coplanar vib rations of a compound pendulum 
co ns is ting of N + 1 partic les sus pended in series by we ightless 
s trings in a gravitational fi e ld. All particles have the same mass Ill, 

exce pt for the top particle whose mass is n(l + 2 ): and all strings a re 
of equal length. The be havior of thi s system in the limit in which 
N~ ex; is of particular interest because the maximum normal mode 
freque nc y is proportional to N 1/2 . In the limit N ~ 00. asymptotic 
formulas with error estimates are obtained for the time·de pe ndence 
of the momentum autocorrelation function of: (1) the top partic le 
when 2 = 0; (2) the bottom particle when 2 = 0: and (3) the top 
particle when N ~ 2 ~ 1. 

Key Words : Statistic al dynamics, coupled harmonic oscillators , 
momentum autocorrelation function , stati sti cal mechanics. 

The production and use of monoenergetic electron beams, 
.I . A. Simpson, Proc. 8th Annual Electron and Laser Beam Symp. , 
University 0/ Michigan , Ann Arbor, Mich. , Apr. 6-8, 1966, pp . 437-
447 (1966). 
The generation of dense e lectro n beams of ene rgy ha lf-width be low 
0.1 eV prese nts special problems. Among these are genera tion of 
ti ghtly collimated beams of very low e nergy space charge effects in 
deflectors and anomalous ene rgy s preads. A di scuss ion of one suc· 
cessful a ttac k on these problems will be given together with exampl es 
of the uses of such beams in electron optics. 

Key Words: Electron s, elec tron beams, e lec tron e ne rgy dis tribu· 
tions, s pace c harge . 

Two-mirror systems with spherical reflec ting surfaces, O. N. 
S tavroudis, }. Opt . Soc. Am. 57, No. 6, 741 - 748 (June 1967). 
An analysis is made of two- mirror systems consisting of sphe ri cal 
refracting surfaces. Solutions are found for those sys te ms having 
zero third order spherical aberra tion. It is shown that no practical 
solution exists for the configuration resembl ing the Gregorian tele­
scope. For the confi gura tion resembling the Cassegra inian te lescope 
three one· pa ra meter families of solutions obtain. These are given by 

c, = (q - l )/2to 

27/, 0 
to =32 sec -

t, = (to - /)/q 

2 
q =- 3 [J + 4 cos:3 (O+ m ) ] - ' 

where c , and C2 are the two curva tures; t " the axia l separation of 
the two refl ecting surfaces; to. the distance from a focus to the cor­
res ponding s urface; and / , the focal length . The free parameter is 
o and r = O, 1,-1. 

Key Words: Optical des ign, re flecting systems, collimators, cubic 
eq ua tions, third order spherical aber ration , Cassegrainian systems. 

X-ray diffraction measure ment of stacking faults in alpha 
silver-tin alloys , C. J. Newton and A. W. Ruff, Jr. , J . Appl. Phys. 
37, No. 10,3860- 3868 (Sept. 1966). 
S tacking fault probabilities and dislocation densities were studied 
by means of x·ray diffraction and trans mission elec tron microscopy 
in both fil ed and compressed bulk specimens from a series of dilute 
s ilver alloys. In the fil ed samples the observed s tacking fault proba­
bilities increased smoothl y from 3 X 10 - 3 for pure s ilver to 66 X 10 - 3 

for 10.3 at. % tin. The compressed bulk specimens led to values of 
6 X 10 -" and 95 X 10-" respec tive ly. Direct determinations of the 
dislocation densities were made in the bulk spec ime ns (1 to 5 X 10" 
cm - 2) leading to computed values fo r the s tacking fault energy in 
the range 2 to 6 ergs/cm - 2, with a slight dip for pure s ilve r. Values 
for the dislocation density in the fil ed samples were also calculated . 
The effec t of directed residu al stresses measure d on the bulk 
s pecimens was shown to be negligible with respec t to the low angle 
diffrac tion line s hifts attributed to faulting. 

Key Words : X-ray diffraction , electron mic roscopy, stac king faults, 
di s locat ions, s ilve r-tin alloys. 

Distribution of standard frequency and time signals, A. H. 
Morgan , Proc. IEEE 55, No . 6, 827- 836 (June 1967). 
This paper reviews the present methods of distributing s tandard 
frequenc y and time signals (SFTS), whic h include the use of high 
frequency, low fre quency, and very low freque ncy radio s ignals , 
portable c locks, satellites, and RF cables and lines. The range 
of accurac ies attained with most of these sys te ms are included along 
with an indication of the sources of error. Information is also included 
on the accuracy of s ignals generated by frequ ency dividers and 
multipliers. 
Details regarding the techniques, the propagation media, and the 
equipment used in the dis tribution systems described are not 
included . Also, the generation of the signals is not discussed. 

Key Words : Standard frequenc y, time signals , standard frequ ency 
broadcas ts, portabl e cloc ks, sate llite timing. 

Measurement of RF properties of materials - A survey, 
H. E. Bussey, Proc. IEEE 55, No . 6, PjJ. 1046- 1053 (June 1967). 
This paper is a survey of the princ ipal methods developed during 
the pas t twenty years for the meas urement of RF peak pulse power. 
The basic princ iples involved for each method are described together 
with accuracies attainable under normal operating conditions. Gen­
eral techniques for pulse power measurement and precautions to 
be observed are al so gi ven . 

Key Words: Meas urement, peak pulse power, pulse modulation , 
RF power. 

Of time and frequency, D. H. Andrews, Book, How to Listen to 
the World, 1'1'. 3- 7 (World Pub!. , Hellerup , Denmark, Jan. 1967). 
Following a short hi s torical background of timekeeping, the author 
proceeds to describe Unive rsal Time and how it is approximated by 
Atomic Time with corrections prescibed by the International Time 
Bureau. The use of radio broadcasts by various nations to di ssemi­
na te time signal s, standard radio frequencies and standard audio 
frequencies is described. Other services are also noted. The a rticle 
includes an extens ive listing of worldwide radio stations broadcast · 
ing stand ard frequencies and/or time signals. This tabulation is 
divided into two parts, T able I lis ting stations us ing frequenc ies 
above 1 megahertz , a nd , T able 11 li sting stati ons using frequencies 
be low 1 megahertz. 

Key Words : Atom ic time, freque ncy and time, international time 
bureau, s tandard audio freque nc ies, standard radio frequencies , 
time a nd frequency, worldwide radio s tations. 

Preliminary res ults of some new measure ments of phase 
velocity at VLF, G. Kamas. A. H. Morgan, and J. L. Jespersen, 
Radio Sci. 1, No . 12, 1409- 1410 (Dec. 1966). 
A new measurement p f the phase velocity of VLF radio waves is 
described. The measured value of the phase veloc ity a t 18.6 kc/s, 
for dis ta nces greater than 2400 kilometers from the transmitter, 
was - 0.0021 ± 0.0006 in the form vl, /c- L For both 18.6 and 20.0 
kc/s, at di stances less than 2400 kilometers, the phase veloc ity 
va ri ed with dis tance from the transmitter. 

Key Words : Phase veloc ity, VLF, ionosphere. 
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CORRIGENDA FOR THE PAPER 

Realistic Evaluation of the Prec is ion and Accuracy 
of Instrument Calibration Systems , Churchill 
Eisenhart, Journal of Research of the Na tional 
Bureau of Standards, Volume 67C, No.2, 161- 187 
(Apri l- J une 1963) 

Page 177, Eq. (16). Should read 

., ai, (J:! 
(J'::=-=-

x n n 

Page 178, Eq. (18). In sert " " between "s,r' a nd the 
formula that follow s it. 

Page 179, Eq. (20) . Should read 

s:! 
x 

k 

L (Xi -X ) 1 
i = 1 

k - l 

Page 184. Roy H . Wampler of the Stati st ical E ngi neer· 
ing Laboratory, NBS, has recomp uted the e ntries of 
Tabl e 1 and has found a numbe r of errors in the 
original , es pecially in th e two " Binomial" column s, 
that necess ita te chan ges in the second column of the 
text. A corrected Table 1, and revision of the affected 
text in column 2 follow. 

TAIlLE l. !.imits oj error oj a Sli m oj Il items inilic flted by various meth ods oj 
eva/nation 

Binomial* Uniform Tria nl!u iar Norma l.2(r = 0.5 Norm al.3t:T = (I.S 

" ,\ bso lule 

O.IJS :!: O.t)I) ± O,t)S :±: O.IJI) -+- O.i)S :!: U,I)') ± O,IJS ± O,I)t) :-'_ O.t)S ±: 0,1)1) + 

I 0.50 O. SO 115 11 O.4H O.SII O.;~ t) OA5 OAt) 0.6 ~ 0.'\3 0.4:1 
2 1.00 1.00 1.00 O.7H 0'<)0 II .S6 lUI 0.6~ 0 .1) 1 0.46 0.6 1 
.1 1 .. >0 I .SO 1.50 n.I) 7 L it) 0.(1) O.HH O.H.> 1.12 0. S7 O.H 
4 2.011 2.00 2.IXI 1. 12 IAI 11.80 1.IXl O'<JH !. .:tt) 0.6.> 0 .H6 
S 1..50 2.S0 2.S0 US 1.60 (UN I.I S 1.10 1.44 0.73 O,iJ6 

6 3.00 2. 00 .3.00 UH 1.76 O.(JH 1:2.9 1.20 I.SH O.HO I.IIS 
7 .1.SI1 2.S0 :1.511 J.4 t) 1,1)] 1.06 I . :~ IJ 1 .. 111 1.70 O.H6 1.14 
8 4.00 3.00 :UJIJ I .St) 2.IIS I.I:l I AI) I .:N I.H2 0.(12 1.2 1 
'I 4.50 2.S0 :I.SO 1.(1) 2. IH UO I .SH 1.47 l,i).1 O.IJH I.'ll) 

10 S.OO 3. 00 4.00 I.7H 2.:1 1 1.27 1.56 I. SS 2.04 1.03 U6 
IS 7..50 3.S0 4.50 2. 19 2.HH I .S.> 2. IH l ,lJO 2.4lJ I.n 1.66 
211 10.00 4.00 6.00 2">:l :U'\ 1. 7lJ 2.:3S 2. 19 2.HH 1.46 l.ln 
:!S 12 .. >0 .1. SO 6.S0 2.R1 :l.72 2.00 2.6:\ 2. ~S :3.22 1.6:J 2.1S 
.30 IS.OO S. OO 7.011 :\.111 kI)7 2. 11) 2.HH 2.6H :1..>:1 1. 7lJ 2 .. 15 
40 20.00 6.00 H.IIO :J.SH UII 2.0:1 :1.:1:1 :\.111 4.117 2.117 2.72 
50 25.00 7.011 9.00 kilO S.26 2.H:l :J.72 :l. ~6 I.S5 2.:1 1 :U) ~ 

60 30. llO H.OO 111.00 UH S.76 :\.111 U)7 :J.HO ·L I)t) 2.S:1 :U:1 

*The resu lt s are not l1lonohlni{" due tv the disnetclles f-; of the di s tribution . 

might "allow" a maximum error of ± 50 cents per 
check, but con sider it reasonable to regard the ir s igns 
as being equally like ly to be plu s or minu s. In thi s 
way one would be led to conclude " with probability 

0.95" th at the total error li es be twee n ± $4.00; or " with 
probability 0.99," betwee n ± $6.00. as s how n in the 
column headed " binomial" in tabl e ] , for 1/ = 20. 
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