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Expressions are derived for the indefinite integrals,

frf(r) Colar)dr

frf( r) C3(ar)dr

frf(r) Co(ar) Cy(Brydr  a#

jrf(r) Co(ar) Zy(\r)dr
where Cy(ar) are zero order Bessel functions, Z,(Ar) are zero order modified Bessel functions and f(r) is a polynomial in r.~
In general, the expressions given for the integrals are given in terms of prescribed functions of the Bessel functions, and the
coefficients of these functions are determined from a finite series, the terms of which are found from recurrence relation-
ships that involve only the polynomial f(r). Coefficients of the terms of the finite series are given in tabular form for up to

an eleventh degree polynomial.
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1. Introduction

In this paper four indefinite integrals are studied: namely,

frf(r) Colar)dr (1)
[t Citanrar @)
[0 eoten) cotgrrar g 3)
J-rf(r) Colar) Zo(\r)dr, (4)

where f(r) is a pth degree polynomial in r,

f(r) = i ar’,
n=0
Colar)=AJo(ar) + BYy(ar), and Zo(Ar) =DIy(Ar) + EKo(Ar). Jo(ar) and Yo(ar) are zero order
Bessel functions of the first and second kind, respectively, and Iy(Ar) and Ko(Ar) are zero order
modified Bessel functions of the first and second kind, respectively. Expressions for integrals
(1), (2), and (3) can be found in Watson [1]! and Luke [2] which must be solved individually for
every term of the polynomial f(r) by rather cumbersome recursion formulas involving the Bessel
functions. The expressions given here for the integrals are given in terms of prescribed functions

! Figures in brackets indicate the literature references at the end of this paper.
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of the Bessel functions, and the coefhicients of these functions are determined from a finite series,
the terms of which are found from recurrence relationships that involve only the polynomial £ (r).
Butler and Pohlhausen [3] have provided solutions of (1), (2), and (3) as definite integrals that
specifically apply to solutions where Jo(a)=/o(8) =0. A more general application is needed.
A method, not hitherto available in the literature, is presented here to enable a user to determine
these indefinite integrals involving Bessel functions. Further comment in evaluation of the method
is given at the end of the paper.

An example of the need for solutions to the integrals (1-4) is illustrated in the study of physical
problems involving the steady-state diffusion process in a solid of cylindrical geometry, where a
particular partial differential equation to be satisfied is

v | dv 0%
o S =
ar:  r dr 0z2

0, (5)

v is the potential, and r and z are the radial and longitudinal dimensions. respectively. A solution
of (5) for the cylinder of finite length and outer radius is of the form

sinh az
cosh az

U:CU(OII'){ (6)

}_'_Z“(}\r){sin )\z}q

cos Az
where, for the solid cylinder B=E=0, or Cy(ar)=AJy(ar) and Z(\r)= DI,(Ar), and final solution
of (6) is dependent upon the evaluation of 4. B, D, and E from the boundary conditions on the
curved and plane surfaces of the cylinder. For rather simple boundary conditions, the constants
can readily be determined by use of the orthogonality properties of the Bessel and trigonometric
functions.

More difficult boundary conditions on one or more of the plane and curved surfaces of the
cylinder may take the general forms

dv

1 H(r) [v—V(r)] on a plane surface (7N
dz

dv , .

o h(z) [v—V(z)| on a curved surface (8)
dr

where the proportionality factors H(r) and h(z). and the potentials of the ambient V' (r) and V(z) are
position dependent. To obtain values for the constants of (6) upon the substitution of (6) and its
first derivatives in (7) and (8), it would be convenient to use relationships such as

N cos A+ A(0) sin A=0 9)

Gl aC (@) —H(0)Cy(a)=0 (10)

and their related orthogonality properties, and positive roots. For the determination of the constants
A and B of (6), expressions are necessary for the integrals (1-4) with appropriate limits of integration
assigned.

The reason for the specific boundary conditions cited above is to further and to ameliorate
the study of radiant heat transfer and other nonlinear boundary conditions over nonisopotential
surfaces in conjunction with heat conduction and other diffusion processes.

2. Evaluation of frf(r) Co(ar)dr

From expressions for the integral (1) for the special cases f(r) =r", m=1, 2, 3, and 4, derived
by integration by parts, it can be shown by induction that a general expression for (1) is of the form

frf(r) Co(ar)dr= [F(r) Ci(ar) +F’(r) fo(ar)} _F/OE?) fCo(ar)a’r (1a)

z
«
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where the polynomial F(r) defined by this relation is to be determined in the subsequent analysis,

and

Ci(ar)=A)(ar) +BY (ar),

fCo(ar)errC(.(ar) +§ [Ci(ar) Ho(ar) —Co(ar) Hi(ar)]r (1b)

and H, and H, are Struve functions of the first kind. Differentiation of (1a) gives

F”(r)+F———’(r):F’(O)—FazF(r):azF(r). (11)

The differential equation (11) is satisfied by the following relationships:

F(r)=f(n+y SR

a2n

where for n=1

"(n—r£"(0
P=r" )+ 0L 0 rf -

and for n >1

Pt} = (0)

Pu(r)=P_,(r) + ! =

n—1

r

In terms of the coefficients a,, of a pth degree polynomial
P,= i (lmrm_anm, n
m=2n

n ) i
Rm, n:H [”1_28+2]", n<s 2—

s=1

Table 1 shows values of R, , for values of m from 1 to 11. For the sake of example, let f(r) =r7,

then
49r5+ 12253 11,0251

@ ot af

F(r)=r"—

and

_ 2450 36752 11,025

a? at of

F'(r)="1

are determined for substitution in (la).

TABLE 1. Values of Ry,

n=

o, 1 2 3 4 5

1 0

2 4 0

3 9 0

4 16 64 0

S 25| 225 0

6 36| 576 2,304 0

i 49| 1225 11,025 0

8 64 | 2304 36,864 147,456 0

9 81| 3969 99,225 893,025 0
10 100 | 6400 230,400 3,686,400 14,745,600
11 121 9801 480,249 | 12,006,225 | 108,056,025
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An interesting sidelight is the substitution of Zy(Ar) for Cy(ar) in (1a), which gives
r ) ; F(0)
rf(r)Zo()\r)erE (AZ,(Ar)F(r) = Zo(Nr)F [ (r) ] + e Zo(\r)dr 12)
2 (1
where

2nn)

Fi(r)=f(r)+3 \en

n=1

and P,(r) is as defined for (1a).

3. Evaluation of]rf(r)C‘f,(ar)dr

An expression for (2) can be written in the form

J’ rf(r)C¥ar)dr= L {G(r)[C‘f,(ar) + C3(aur) ]+ (};r) Colar)C (ar)

2

(:L(i(_l))fC}-’,(ar)dr (2a)

Sis L [G"(r) +l G'(r)] C'ﬁ(ar)} —
2a2 r

where the polynomial G(r) is to be determined in the subsequent analysis. The integral fjg(ar)dr
is given in (23), for £=1. Differentiation of both sides of (2a) gives

e 4}12 [r(;'”(r)+ 3G"(r)+w]. (13)
. . - . d . . .
The expression on the left can be written rG'(r)+ (,(r)ZE[rC(r)], then integration gives
Sp=¢"
G(r):lff(r)dr— l‘ f [rG”'(rH— 30"(r)+M] dr. (14)
r do®r r
G(r) is satisfied by
= 1)"5,,(1‘)
G(r) T (15)
where for n=20
1( .
sun="+ [ rdr
and for n >0
st [ s =
4r r
Also, (14) is satisfied for G (r) in terms of the coefficients a, of a pth degree polynomial by
pl2 P
x — LI)L m—2n l
G(r) ?::0 (2a)? ,NE:._,,,(IMT'”, nl” s (15a)

where

1 n (m—2s+2)%
m+1 1:[1 (m—2s+1)

Tw,o=1/(m+1), and T, n=
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Values of Ty, , are given in table 2 for m from 0 to 11. For sake of example, let f(r) = ay+ air
+ axr® + asr3 + aurt, then from (15a) and table 2,

8a,  27ayr  64dasr?
29y 2109
T ar | ax®  azr®  agt 3 8 15 512ay
G(r)=ap+ 5 + 3 =+ & + 5 (2a)? 15 (20)4

where the first and second differentials of G(r) are necessary for substitution in (2a).

TABLE 2. Values of Ty, ,

n=
0 1 2 3 4 5
m
0|1
1|12
2 |13 8/3
3 | 1/4 27/8
4 |15 64/15 512/15
5 |16 | 125/24 1.125/16
6 | 17 | 216/35 4.608/35 36.864/35
7 | 1/8 | 343/48 42.875/192 385.875/128
8 | 1/9 | 512/63 12.288/35 262.144/35 2,097,152/35
9 | 1/10 | 729/80 83.349/160 2.083,725028 56.260,575/256
10| 1/11 | 1000/99 512.000/693 2.457,600/77 52.428.800/77 419.430.400/77
11| 1/12 | 1331/120 | 323.433/320 37.979.173/640 924.479.325/512 | 24.960,941,775/1024

4. Evaluation of f rf (r)Colar)Cy(Br)dr, a # B

An expression for (3) may take the form

frf(r)C()(ar)C()(Br)erNl Ul(r)+NzU;(r)—y[NgUz(r)+N4U;(r)]

~[¢U§(0)—WU~;(0)I[Cu<ar)c‘o([3r)dr+y[U;(O)—lpU.;(O)JJ(;.(ar)(;.(/ar)dr (3a)
where

d=a2— B2, y=(a2+ B2)/62, y=2aB/82,

U,(r) and U,(r) are polynomials to be determined in the subsequent analysis, and

N, =f rCo(ar)Co(Br) dr=§ [@C (ar)CoBr)—BCo(ar)C(Br)]

N;;:f rC(ar)C(Br) drzg [BC i (ar)Co(Br)— aCy(ar)C(Br)]

Nz/r: lllCu(CU')Co(,Br) + Ycl(ar)Cl(Br)
Nufr=yC(ar)C(Br)+ yCo(ar)C(Br)

The integrals fjo(ar),ln(Br)dr and fjl(ar),ll(/j'r)dr are found in section 6. Differentiation of both
sides of (3a) gives the following equations:
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Ui+ | U+ HOZEO) | v + BOZEO]_

i+ | Uy~ PO L) [ gy - GO0 -
Letting
Uir)= AZO vk ;—"n (= D™p"Ly, u(r)
and
Us(r)= é:o vk ;_:0 (= DM i, (1),
then substitution in (16) gives
Lo, o(n=£(r)
Laon =L st Eornmt = Lica @ e Wi = M, O
Moo= ) Loy My =My, (0 "

where negative subscripts denote zero quantities. In terms of the coefficients an of a pth order
polynomial, the quantities of (17) have been evaluated for m from zero to 11 in table 3.

TABLE 3
Coefficients of a, for y° Coefficients of a, for y2 Coefficients of a, for y*
m
rm rm-2 -4 rm—6 rm=8 rm=10 rm—4 rm—6 rm-8 rm=10 rm-8 rm=10
Lo, o Lo, Lo,» Lo,s Lo, s Lo, 5 Lio Ly, Ly Ly, 3 Lz,o L,
Mo,0 | Mo, Mo, » Mo, s Mo, 4 Mo M M;,, My, o

0 1

0
1 1

0
2 1 4

0 0
3 1 9

0 3
4 1 16 64 32

0 8 0 0
5 1 25 225 135

0 15 120 0
6 1 36 576 2,304 384 3,456

0 24 480 0 0 0
7 1 49| 1,225 11,025 875 19,215

0 35| 1,260 7,445 0 2,625
8 1 64 | 2,304 36,864 147,456 1,728 70,656 442,368 55,296

0 48| 2,688 39,936 0 0 13,824 (1] 0
9 1 81 3,969 99,225 893,025 3,087 203,175 3,044,790 416,745

0 63 5,040 135,135 703,080 0 46,305 748,440 0
10 1 100 | 6,400 230,000 3,686,400 | 14,745,600 | 5,120 495,360 | 13,701,120 [ 73,728,000 1,966,080 27,648,00

0 80| 8,640 360,960 | 4,730,880 0 0 122,880 [ 4,945,920 0 0 0
11 1 121 9,801 480,249 | 12,006,225 | 108,056,025 | 8,019 1,072,071 47,505,150 | 604,178,190 7,016,625 | 245,768,985

0 99 1 13,860 828,135| 19,625,760 | 94,895,955 0 280,665 | 20,291,040 | 203,388,570 0 21,049.875
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U](r):f(r)_lllll()‘|+l!}2[1()‘~_)_. o .‘f"yz[I,]‘(]_l,lILL1+l[lzL|,g oo .]+'y4[Lg,()_lllL—lllL2’1
]

ST

Uz(r)zMo,o—lllMo,1+¢2M()'2— ¥k +’)’2[M1,0—lllM1,|+ Ao .J+'y4[M2,0—lllM2,1+ Gt
From the table we get

fn=r  Uin=r—4y
Ug(r):()

f(r=r3 Ui(n=r3—9ry
Us(r)=3r

f(N=rt  Uyr)=ri—16r2+ 64>+ 32y?
U,(r)=8r2

fn=rd Ui(r)=r>—25r3¢+ 225r2 + 135ry2
Us(r)=15r3—120rys

F)=r%  Ui(r)=rb—36r4-+ 57622 — 23044 + 384y2r2 — 3456y
Us(r) = 2414 — 480r2

f(r)=ao+ air+ asr*+ azr® Ui(r) =ao+ arr+ asr* + azr* — (4az + 9asr) P
U:(r) =3aar.

5. Evaluation of f rf(r)Co(ar)Zo(Ar)dr

An expression for (4) may take a form similar to (3a)

f tf(r)Colar)Zo(Ar)dr=W V\(r) — WV, (r) +y[WsVa(r) — WV (r)]

+ [éV(0) + w?*V,(0)] fCn(ar)Zo(}\r)dr—w[V;(O)+§V2'(0)] fCl(ar)Zl()\r)dr

where b=0o2+ N\, £E= (N2 —a?)[d?, o= 2a\/P*

W,= f rCo(ar)Zo(}\r)eré [aCy (ar)Zo(Ar) + ACo(ar)Z1(Ar) ]

WgZJrCI(ar)Zl()\r)eré [NCi(ar)Zy(Ar) —aCo(ar)Z,(Ar) ]

?:gc()(ar)Zo()\r) +wCi(ar)Z; (Ar)

?:gC,(ar)Zl (Ar) —wCo(ar)Zo(Ar)

and Zi(Ar)=DI(\r) —EK;(Ar).
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An analysis similar to that of section (4) gives
Vi(r) =3 (= Dk &Lk, a(r)
k=0 n=0
Va(r) = E (—1)Fw?* 2 EM;., o (1)
k=0 n=0
where Ly, »(r) and My, ,(r) are as defined in section 4 and table 3.

6. Evaluation of f Jo(ar)Jo(Br)dr and fjl(ar)Jl(Br)dr

The expression for the first integral may be written in the form

f_]o(ar)Jo(Br)erJ Jo(ar)dr—azf rf(r)Jo(ar)dr
where from (la), the integral becomes

f,]o(ar).lo(ﬁr)drz [1+F'(0)] f,]o(ar)dr—-r[aF(r),]l(ar)F'(r)Jo(ar)]

and where

flr)=Fk [1_—_%02_5,8_0]:1{2 (é_zfz-,zﬁzz Bz;r 6 )

is an infinite series and £ = B/a < 1. From section 2, F(r) becomes

_ oo (_ 1)na2(n—l)r2n—1 oc (%)%nk%n
F(’)__Zl [1-3-5 - (2n—1)]2 & (m!)?
where (1)n =T+ m)/T'(2).
The complete elliptic integral of the first kind is defined
/2 d¢, T o* (l )2 kzm
2) g S i S 2R/ .
LSS ]:) [1—A%sin2 ]2 2 m2:0 (m!)?

The summation on m in the above expression for F(r) is then defined by

9 n—-1 (1 gnkZm
Ln(kz):;K(kZ)_E (2(7)71!)2 :

m=0

The integral upon substitution becomes
2 e
f.Iu(ar)./u(Br)dr:;I\(/.'")j./u(ar)(lr

% (_ 1 )naz(n—H,-Zn—l R )
+> 35, .. (2’1_1)]2Lu(/."){ar.lu(ar)+(2n-1)./o(ar)}

n=1
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where the integral [ Jo(ar)dr has been defined in section 2. The series is convergent for k < 1.
An expression for the integral [ Jo(Br)Y,(ar)dr is found by substituting Yo (ar). Y, (ar) for Jo(ar)
and /;(ar), respectively, in (22). An expression for the integral [ Jo(ar)ly(Br)dr is found from
(22) by substitution A*=— /%, k*m= (—1)mk2m,

The expression (22) is limited for numerical evaluation due to a large loss of significance for
large arguments although for values of /% < 1 there is probably no restriction for numerical evalua-
tion. Another more general expression for the integral can be obtained using the method of Butler
and Pohlhausen [3, pp. 11-18]. An integral representation of the Bessel function is

(1—)12

Jo(hr) 2 ]‘ cos (krt)dt 2 J’”/z cos (r cos 0) sin 6d6
e = = 2 P .

i 7 Jo i (k*—cos? 9)1/2

where the expression on the right is derived from the substitution, kt=cos 6. A definite integral
upon appropriate substitution becomes

f G TSR L A ] ey dr

a Jq

¢ w2 si ) %
= )

TQ) cost I (/,'2—(3(,52 ())I/

~yU3) + 20320 ]+ 200, () 3, L2

n=1

\]j‘_’n il

(23)

- S a’ n \’lizw-l w‘_’u»l
+y./u(2) zl (=) ./ﬂn(z) l:zn_ 1 +2” i l]

where z=«ay, and

2 f”/z sin (2n+1)6d6
Yo == R Aot

T Jeost k(K —cos2 0)1/2
From [3, eq 55| values of W, are determined by the recurrence formula

2m(2k*—1) ~m—1
m—+ 1 Yo m—+ 1 Wiz

‘l’,,, EOI=
where W, =1, Wy3=2k>—1, ¥, =6k*—6k>+ 1, etc. The integral for J%(ar)dr is found from (23) by
setting k=1, whereby W, ., = 1.

Numerical values for the definite integral

ﬁ " Jolar)Jol Bryar

have been determined from (22) and (23) and are shown plotted against 4 for various values of «
in figure 1. For a few cases, the numerical values have also been obtained by numerical integration
by Simpson’s rule.

The expression for the second integral may be written by integration by parts in the form

_Jolar)J:(Br)
(04

f,/,(ar),/.(ﬁr)dr: -+-/.'f./o(ar),lo(Br)dr—/.'f'il—/—(g-’fﬂ,/u(ar)dr.
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]
I(a, k)=fJo(ar)Jo (Br)dr

o TR S S e o DO R S
w\
.8 —
L 2 q
3= \
I(q k) 3 7
4— \
L Q=4 =
- 5 =
/
S =1 — ]
o) Il ] | | 1 | 1 l 1
0 2 4 6 8 1.0
k=RBra
FIGURE 1

The first integral on the right has been solved previously ((22) or (23)), and the second integral from

(1a) takes the form

f % ./(i(ar)(lr

:[%-I—F'(O)]fJo(ar)dr—r[aF(r),/l(ar)+F’(r)./n(ar)]

Withf(r)=A«2W:;,z [2 e,

From section 2, F(r) becomes

)naz(n 1)p2n—1 % ( ))Z'IA?))I .

Fin==3 (- 3 5- (zn—l)yE (m)2(2m+2)

n=1 m=n

An integral of K(/?) is defined by

( )2 k2m+2

k T =
o 2 I — (12 _ ]2 Y e L P
K'K(k'?)dk'=E (k) — (1 —~F)K(k?) % E: V@m+2)

0

2.4 22-4%2-6 22-4%-6°-8

where E (k?) is the complete elliptic integral of the second kind. The summation on m in the above

expression for F(r) is then defined by

2 f2m

2 _L 22 P\ 72 ! m
Onll) = LEGR) = (1=K (K ,,,Eo(m') 2m+2)
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The integral upon substitution becomes

./0(01/’)./| (,3’)
(03

J’,ll(,Br),/](ar)dr=~ +%[l\'(/;2)—E(/r2)] f./o(ou‘)dr

—1 )naz(n—l)rzn—l

RS (
N Htsdiefivoo (Zm=1)]"

n=1

Ru(#2){ar)(ar) + (2n—1)Jo(ar)} (24)

where
2
whk?

n—1 (2m+ 1 ) (; )2 A-Zrn.

m

(2m+2) (m!)?

R, (/?) = K2 =2 ]| =

m=0

7. Discussion

An example of the usefulness of the method presented in this paper is given for the evaluation
of the definite integral

fl rf(r).Jo(ar)dr (25)

where f(r) = ao+ asr* + azr3 + ay?. The integral is of the form given in (la), where the coefficients
of the polynominal F'(r) are given in table 1. The resulting expressions for the upper limit are

ey
Fe=ra) ~Adax+ )(1,;+ 16(14+6(th:,4
Qg -+ 3
P’H):/'(l)—’“%jz"{and
( “
F'(0) =—2%.
e

From (la), the definite integral (25) becomes

["( ] )Il(a) +I’”(l)./u(x
o 2

(64

f e e f o

0 a” Jo

where the integral on the right is evaluated using (1b). Given values for ay, a2, a3, as, and «, and
tables of Bessel and Struve functions, the value of the definite integral is readily computed by desk
calculator. If subroutines are available for computing the Bessel and Struve functions, digital
computer calculation is rapidly accomplished.

In this instance, the value of the definite integral is determined with need only for evaluation
of F(r), using table 1, and then of F(1), F'(1), F'(0), and of four additional functions, namely,
Jo(a), Ji(a), Hy(a) and H,(«). The computational task is minor as compared with that of evalu-
ating many subdivisions or steps of the original integrand for a numerical integration of equivalent
accuracy.
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An equation of state for fluid parahydrogen from the triple-point
to 100 °K at pressures to 350 atmospheres. R. D. Goodwin.

The dissociation constants of some disubstituted anilines and
phenols in aqueous solution at 25 °C. R. A. Robinson.

Third virial coefficient for air-water vapor mixtures. R. W. Hyland
and E. A. Mason.

Recrystallization and melting of partially melted stark rubber.
Donald E. Roberts.

Effects of a distribution of volume relaxation times in the annealing
of BSC glass. P. B. Macedo and A. Napolitano.

ik Sh

J. Res. NBS 71C (Engr. and Instr.), No. 1 (Jan.-Mar. 1967),
75 cents.

Dedication of the new NBS laboratories.

Symmetrical bending of thin circular elastic plates on equally
spaced point supports. A. F. Kirstein and R. M. Woolley.

Ultrasonic measurement of cylinder expansion at pressures to 40
kilobars. P. L. M. Heydemann and J. C. Houck.

A comparison of absorbed dose determinations in graphite by cavity
ionization measurements and by calorimetry. B. Petree and P.
Lamperti.

Germanium resistance thermometry in the range 2.1 to 5.0 °K.
M. H. Edlow and H. H. Plumb.

Least squares technique for the analysis of periodic temperatures
of the earth’s surface region. T. Kusuda.

A new near-zone electric-field-strength meter. F. M. Greene.

Inductance and characteristic impedance of a strip-transmission
line. R. L. Brooke, C. A. Hoer, and C. H. Love.

Tensor permeability measurements at L.-band frequencies using a
degenerate mode cavity. L. B. Schmidt, R. D. Harrington, and
W. E. Case.

J. Res. NBS 71C (Engr. and Instr.), No. 2 (Apr.-June 1967),
75 cents.

An apparatus for measuring thermal expansion at elevated tempera-
tures. B. D. Rothrock and R. K. Kirby.

Determination and smoothing of Fourier coefficients representing
piecewise continuous functions. B. A. Peavy.

A 2:1 ratio inductive voltage divider with less than 0.1 ppm error
to 1 MHz. C. A. Hoer and W. L.. Smith.

A dual-load flow calorimeter for rf power measurement to 4 GHz.
M. L. Crawford and P. A. Hudson.

Polymeric materials for dielectric reference specimens. A. H. Scott
and J. R. Kinard, Jr.

The sensitivity of the Dicke radiometer. D. F. Wait.

Sensivity of a correlation radiometer. J. J. Faris.

Heat treatment and properties of iron and steel, T. G. Digges,
S. J. Rosenberg, and G. W. Geil, Mono. 88 (Nov. 1, 1966) . cents.
(Supersedes Circular 495 and Monograph 18).

Microwave attenuation measurements and standards, R. W. Beatty,
Mono. 97 (Apr. 3, 1967), 25 cents.

Abscissas and weights for Gaussian Quadrature for N=2 to 100,
and N=125, 150, 175, 200, C. H. Love, Mono. 98 (Dec. 28, 1966),
55 cents.

ASTM metric practice guide, Handb. 102 (Mar. 10, 1967), 40 cents.

Standard Reference Materials: Viscosity of a standard lead-silica
glass, A. Napolitano and E. G. Hawkins, Misc. Publ. 26011
(Nov. 7, 1966), 25 cents.

Legibility of alphanumeric characters and other symbols. II. A ref-
erence handbook, D. Y. Cornog and F. C. Rose, Misc. Publ. 262-2
{Feb. 10, 1967), $4.25.

Critical Phenomena. Proceedings of a Conference held in Washing-
ton, D.C., April 1965, ed. M. S. Green and J. V. Sengers, Misc.
Publ. 273 (Dec. 1, 1966), $2.50.

Bibliography on flame spectroscopy. Analytical applications 1800
to 1966, R. Mavrodineanu, Misc. Publ. 281 (Feb. 23, 1967), $2.00.

The National Bureau of Standards 1966, Misc. Publ. 282 (Nov. 1966),
35 cents.

Bibliography of low energy electron collision cross section data,
L. J. Kieffer, Misc. Publ. 289 (Mar. 10, 1967), 50 cents.
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Tables of molecular vibrational frequencies Part 1, T. Shimanouchi,
NSRDS-NBS 6 (Mar. 1, 1967), 40 cents.

Thermal conductivity of selected materials, R. W. Powell, C. Y. Ho,
and P. E. Liley, NSRDS-NBS 8 (Nov. 25, 1966), $1.00.

Cast-iron radiators, R174—65 (Dec. 31, 1965), 10 cents. Supersedes
R174-47.

Standard sizes of blackboard slate, Prod. Std. 2-66 (May 15, 1966),
10 cents. Supersedes SPR15-35.

TFE-Fluorocarbon (polytetrafluoroethylene) resin skived tape, Prod.
Std. 3—66 (Sept. 1, 1966), 10 cents.

Porcelain enameled formed steel plumbing fixtures, Prod. Std. 5-66,
(Nov. 1, 1966), 15 cents. Supersedes CS144—47.

Trim for water-closet bowls, tanks and urinals (dimensional stand-
ards), Prod. Std. 6-66 (Nov. 1, 1966), 10 cents. Supersedes
CS172-50.

Wire bar supports for reinforced concrete construction, Prod. Std.
7-66 (Aug. 1, 1966), 10 cents.

Scanning electron probe microanalysis, K. F. J. Heinrich, Tech.
Note 278 (Feb. 3, 1967), 30 cents.

Procedures for precise determination of thermal radiation proper-
ties, November 1964 to October 1965, J. C. Richmond, G. J.
Kneissl, D. L. Kelley, and F. J. Kelly, Tech. Note 292 (Feb. 10,
1967), 50 cents.

Notes on the state-of-the-art of benefit-cost analysis as related to
transportation systems, J. D. Crumlish, Tech. Note 294 (Nov. 1,
1966), 30 cents. _

A grammar for component combination in Chinese characters,
B. K. Rankin, III, S, Siegel, A. McClelland and J. L. Tan, Tech.
Note 296 (Dec. 1966), 60 cents.

A survey of ionization vacuum gages and their performance char-
acteristics, W. G. Brombacher, Tech. Note 298, (Feb. 3, 1967),
40 cents.

Caiculation of the heating value of a sample of high purity methane
for use as a reference material, G. T. Armstrong, Tech. Note 299
(Dec. 15, 1966), 25 cents.

A new near-zone electric field-strength meter, F. M. Greene, Tech.
Note 345 (Nov. 15, 1966), 35 cents.

A standard for accurate phase-angle measurements at audio fre-
quencies, W. W. Scott, Jr., Tech. Note 347 (Oct. 14, 1966), 25
cents.

Infrared reflectances of metals at cryogenic temperatures —a compi-
lation from the literature, P. F. Dickson and M. C. Jones, Tech.
Note 348 (Oct. 14, 1966), 40 cents.

The design and operation of a high voltage calibration facility,
W. W. Scott, Jr., Tech. Note 349 (Nov. 10, 1966), 25 cents.

Radiochemical analysis: activation analysis, instrumentation, radi-
ation techniques, and radioisotope techniques July 1965 through
June 1966, ed. J. R. DeVoe, Tech. Note 404 (Sept. 30, 1966), $1.25.

Fortran programs for the calculation of Wigner 3;, 6/, and 9j coef-
ficients for angular momenta < 80, Tech. Note 409, R. S. Cas-
well and L. C. Maximon, (Nov. 15, 1966), 40 cents.

Methods for performance-testing of electromechanical pressure
transducers, P. S. Lederer, Tech. Note 411 (Feb. 9, 1967), 25 cents.

Abstraction of hydrogen atoms from isobutane-ds by methylene,
M. L. Halberstadt and J. R. McNesby, J. Chem. Phys. 45, No. 5,
1666-1669 (Sept. 1, 1966).

Chemisorption of nitric oxide on tungsten, J. T. Yates, Jr., and
T. E. Madey, J. Chem. Phys. 45, No. 5, 1623-1634 (Sept. 1, 1966).

Dissociation constant of morpholinum ion and related thermody-
namic quantities from 0 to 50°, H. B. Hetzer, R. G. Bates, and

R. A. Robinson, J. Phys. Chem. 70, No. 9, 2869-2872 (Sept. 1966).

Dissociation of 4-aminopyridinium ion in 50 percent methanol-
water and related acidity functions from 10 to 40 °C, M. Paabo,
R. A. Robinson, and R. G. Bates, Anal. Chem. 38, No. 11, 1573—
1575 (Oct. 1966).

Electron affinity of tungsten determined by its positive and negative
self-surface ionization, M. D. Scheer and J. Fine, Phys. Rev.
Letters 17, No. 6, 283-284 (Aug. 8. 1966).

Kinetics and statistics of structural changes in polyacrylonitrile,
K. Noh and H. Yu, J. Polymer Sci. Letters 4B, No. 10, 721-726
(Oct. 1966).

Mass-spectrometric investigation of the nickel-fluorine surface reac-
tion, J. D. McKinley, J. Chem. Phys. 45, No. 5, 1690-1693 (Oct. 1,
1966).

Mass-spectrometric study of the rate of the reaction CO+ OH,
J. T. Herron, J. Chem. Phys. 45, No. 5, 1854-1855 (Sept. 1, 1966).

Matrix-isolation study of the photolysis of cyanogen azide. II. The
symmetric stretching fundamental of the free radical NCN,
D. E. Milligan and M. E. Jacox, J. Chem. Phys. 45, No. 5, 1387—
1391 (Sept. 1, 1966).

Momentum autocorrelation function for systems with finite spatial
boundaries, R. Nossal, J. Chem. Phys. 45, No. 4, 1097-1100
(Aug. 15, 1966).

Pseudonatural orbitals as a basis for the superposition of configura-
tions. I. Hef, C. Edmiston and M. Krauss, J. Chem. Phys. 45,

No. 5, 1833-1839 (Sept. 1, 1966).

Translational diffusion in polymer solutions, R. Zwanzig, J. Chem.
Phys. 45, No. 5, 1858-1859 (Sept. 1, 1966).

A device for use in applying strain gages to cylindrical specimens,
T. W. Butler and R. L. Bloss, Experimental Mechanics 6, No. 10,
528 (Oct. 1966).

A simplified method for the prediction of multi-component adsorp-
tion equilibria from single gas isotherms, A. J. Kidnay and A. L.
Myers, AIChE J. 12, No. 5, 981-986 (Sept. 1966).

Calibration and use of laminar flowmeters, H. H. Allion, (Proc. 25th
Annual Gas Measurement Short Course, Aug. 25, 1965), West
Virginia Univ. Tech. Bull 77, pp. 34-43 (1965).

Coincident summer weather characteristics of six selected cities
in the United States, T. Kusuda and P. R. Achenbach, ASHRAE
J. 8, No. 11, 34-42 (Nov. 1966).

Embrittlement of high strength AISI 4340 steel in boiling NaCl
solution, H. L. Logan and J. M. Wehrung, Corrosion 22, No. 9,
265—269 (Sept. 1966).

Some effects of notch geometry on the tensile behavior of annealed
type 310 stainless steel, G. W. Geil, J. Materials 1, No. 3, 583608
(Sept. 1966).

Monte Carlo studies of lattice-model polymer chains. I. Correlation
functions in the statistical-bead model, P. H. Verdier, J. Chem.
Phys. 45, No. 6, 2118-2121 (Sept. 15, 1966).

Monte Carlo studies of lattice-model polymer chains. II. End-to-end
length, P. H. Verdier, J. Chem. Phys. 45, No. 6, 2122-2128 (Sept.
15, 1966).

A nonmagnetic laboratory for the National Bureau of Standards,
F. K. Harris, IEEE Spectrum 3, No. 11, 85-87 (Nov. 1966).

A scattering chamber for use with cooled large area lithium-compen-
sated silicon radiation detectors, W. R. Dodge, J. A. Coleman,
and S. R. Domen, Nucl. Instr. Methods 42, 181-187 (July 1966).

A zero-range treatment of the three-body photodisintegration cross
section of *H and *He, J. M. Knight, J. S. O’Connell, and F. Prats,
Phys. Letters 22, No. 3, 322-325 (Aug. 15, 1966).

Anomalous energy spreads in electron beams, J. A. Simpson and
C. E. Kuyatt, J. Appl. Phys. 37, No. 10, 3805—-3809 (Sept. 1966).

Bandlike structure from continuum-continuum emission: the He,
600-A bands, F. H. Mies and A. L. Smith, J. Chem. Phys. 45,
No. 3, 994—1000 (Aug. 1, 1966).

Classification of the Y,(1765) and Y,(1520) resonances in the 1134
representation of SU(6), J. J. Coyne, S. Meshkov, and G. B. Yodh,
Phys. Rev. Letters 17, No. 12, 666668 (Sept. 19, 1966).

Determination of the effective force constants between a substi-
tutional impurity and its nearest neighbors in an alkali halide
crystal, R. A. MacDonald, Phys. Rev. 150, No. 2, 597-602 (Oct.
14, 1966).

Dielectric constants of PbMoO, and CaMoQO;, W. S. Brower and
P. H. Fang, Phys. Rev. 149, No. 2, 646 (Sept. 16, 1966).

Effect of surface patch fields on field-emission work-function de-
terminations, R. D. Young and H. E. Clark, Phys. Rev. Letters
17, No. 7, 351-353 (Aug. 15, 1966).

EPr in single crystals of NiBrs, J. S. Wells and D. R. Winder, J.
Chem. Phys. 45, No. 1, 410411 (July 1, 1966).

Erratum: Statistical model for the beta zirconium hydrides, T. B.
Douglas, J. Chem. Phys. 45, No. 3, 1080 (Aug. 1, 1966).

Lithium compensated silicon focal plane detectors for electron scat-
tering spectrometers, W. R. Dodge, J. A. Coleman, S. R. Domen,
and J. K. Whittaker, Rev. Sci. Instr. 37, No. 9, 1151-1159 (Sept.
1966).

Measurement of the mean energy required to create an electron-
hole pair in silicon between 6 and 77 °K, W. R. Dodge, S. R. Domen,
T. F. Leedy, and D. M. Skopik, Phys. Rev. Letters 17, No. 12,
653—655 (Sept. 19, 1966).

Microwave spectrum of CF., F. X. Powell, and D. R. Lide, Jr., J.
Chem. Phys. 45, No. 3, 1067-1068 (Aug. 1, 1966).
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Motions of water molecules in potassium ferrocyanide trihydrate,
water, and ice: a neutron scattering study, J. J. Rush, P. S. Leung,
and T. I. Taylor, J. Chem. Phys. 45, No. 4, 1312-1317 (Aug. 15,
1966).

Multiple diffraction in the Weissenberg methods, A. Santoro and
M. Zocchi, Acta Cryst. 21, pt. 3, 293-297 (Sept. 1966).

Photodetachment cross section, electron affinity and structure of the
negative hydroxyl ion, L. M. Branscomb, Phys. Rev. 148, No. 1,
11-18 (Aug. 5, 1966).

The structure of field-evaporated hexagonal close-packed surfaces:
rhenium and ruthenium, A. J. Melmed, Surface Science 5, No. 3,
359-379 (Nov. 1966).

Zeeman effect and magnetic hyperfine structure in the low frequency
transitions of H,CO, H. Takuma, K. M. Evenson, and T. Shigenari,
J. Phys. Soc. 21, 1622-1623 (1966).

Acidity functions for amphiprotic media, R. G. Bates, Book, Chem-
istry of Nonaqueous Solvents, I, sec. III, 97-128 (Academic
Press Inc., New York, N.Y., 1966).

Collagen aggregation phenomena, J. M. Cassel, Biopolymers 4,
989-997 (1966).

Effect of certain crystalline substances on physical properties of
elastomers. I. Stress-strain behavior, F. J. Linnig, E. J. Parks,
and R. D. Stiehler, Rubber Chem. Technol. 39, No. 4, pt. 1,
1041-1052 (Sept. 1966).

Oxidation products in an oxygen-blown Kuwait asphalt, P. G. Camp-
bell and J. R. Wright, I&EC Product Res. Devel. 5, No. 4, 319
323 (Dec. 1966).

Proton broad-line N.m.r. study of (*Hg) dimethoxy (''B) borane,
T. C. Farrar, J. Cooper, and T. D. Coyle, Chem. Commun. 17,
610-611 (1966).

Studies of molten alumina in the arc-image furnace, J. J. Diamond
and A. L. Dragoo, Rev. Hautes Temper. et Refract. 3, 272-279
(1966).

The adsorption kinetics of nitrogen on rhenium, M. D. Scheer and
J. D. McKinley, Surface Sci. 5, No. 3, 332—344 (Nov. 1966).

The melting point of AlLO3 in vacuum, S. J. Schneider and C. L.
McDaniel, Rev. Hautes Temper. et Refract. 3, 351-361 (1966).
Temperature measurement in high temperature chemistry: 1000—
3000 °C, R. F. Walker, Rev. Hautes Temper. et Refract. 3, 301—

308 (1966).

An ultrasonic pressure gage, P. L. M. Heydemann, Am. Soc. Mech.
Eng. Publ. No. 66-WA/PT-5 (1966).

Government, industry and engineering. NBS in a new setting,
S. Lichtenstein, Automotive Ind. 135, No. 10, 119-124 (Nov. 15,
1966).

Progress in nuclear electronics, L. Costrell, Book, Radioisotopes
for Aerospace, Part 1. Advances and Techniques, p. 1-13 (Plenum
Press Inc., New York, N.Y., 1966).

State standards and laboratories, T. M. Stabler, Scale J. 53, No. 1,
3-14 (Oct. 1966).

The measurement of solar radiation, with principal emphasis on
the ultraviolet component, R. Stair, Air Water Pollut. Int. J. 10,
665-688 (1966).

Accurate microscopical determination of optical properties on one
small crystal, C. P. Saylor, Book, Advances in Optical and Elec-
tron Microscopy, ed. R. Barer and V. E. Cosslett, 1, 41-76 (Aca-
demic Press Inc., New York, N.Y., 1966).

Angle and channel dependence of resonance in e-He scattering
near 60 eV, J. A. Simpson, M. G. Menendez, and S. R. Mielczarek,
Phys. Rev. 150, No. 1, 76-78 (Oct. 7, 1966).

Anomalous work function of the tungsten (110) plane, R. D. Young
and H. E. Clark, Appl. Phys. Letters 9, No. 7, 265-268 (Oct. 1,
1966).

Compressibility, gas, J. M. H. L. Sengers, Encyclopedia of Physics,
p. 118-120 (Reinhold Publ. Corp., New York, N.Y., 1966).

Effect of nuclear alinement on the 14-MeV total neutron cross sec-
tion of '%*Ho, H. Marshak, A. C. B. Richardson, and T. Tamura,
Phys. Rev. 150, No. 3,996-1010 (Oct. 21, 1966).

Electron microscopy and diffraction of synthetic corundum crystals.
II. Dislocations and grain boundaries in impurity-doped aluminum
oxide, D. J. Barber and N. J. Tighe, Phil. Mag. 14, No. 129,
531-544 (Sept. 1966).

Exact vibrational matrix elements for molecular hydrogen and the
intensity of the quadrupole rotation-vibration spectrum, T. C.
James, Astrophys. J. 146, No. 2, 572-580 (Nov. 1966).

Interference in the photoionization of molecules, H. D. Cohen and
U. Fano, Phys. Rev. 150, No. 1,30-33 (Oct. 7, 1966).

Pyrometry, optical, H. J. Kostkowski, Encyclopedia of Physics, p.
563-564 (Reinhold Publ. Corp., New York, N.Y., 1966).

Resonances in inelastic electron scattering from Ho, M. G. Menendz
and H. K. Holt, J. Chem. Phys. 45, No. 8, 2743-2744 (Oct. 15,
1966).

The A'S transition of 3KH and *°KD. Vibrational numbering and
molecular constants, I. R. Bartky, J. Mol. Spectry. 20, No. 4,
299-311 (1966).

The absorption spectrum of cesium deuteride. The A'3S state of
CsH, I. R. Bartky, J. Mol. Spectry. 21, No. 1, 25-28 (1966).

The absorption spectrum of RbD. Vibrational numbering of the
A3, state of RbH, I. R. Bartky, J. Mol. Spectry. 21, No. 1, 1-3,
(1966). g

The mo)memum autocorrelation function in a Bernoulli chain, R. J.
Rubin and P. Ullersma, J. Math. Phys. 7, No. 10, 1877-1885
(Oct. 1966).

What environment —for whom? G. E. Auman, Civil Service J. 7,
No. 1, 6-11 (July—Sept. 1966).

X-ray fiber optics, L. Marton, Appl. Phys. Letters 9, No. 5, 194-195
(Sept. 1, 1966).

A broad-line proton magnetic resonance study of cobalt tetra-
carbonyl hydride, T. C. Farrar, F. E. Brinckman, T. D. Coyle,
A. Davision, and J. W. Faller, Inorg. Chem. 6, 161-163 (1967).

A pycnometer for small volumes of liquids, S. Marantz and G. T.
Armstrong, Chem.-Anal. 55, 114-115 (Oct. 1966).

Exactly solvable nonlinear relaxation processes, Systems of coupled
harmonic oscillators, K. E. Shuler and G. H. Weiss, J. Chem.
Phys. 45, No. 4, 11051110 (Aug. 15, 1966).

Flash photolysis of methane in the vacuum ultraviolet. 1. End-
product analysis, W. Braun, K. H. Welge, and J. R. McNesby,
J. Chem. Phys. 45, No. 7, 2650-2656 (Oct. 1, 1966).

Galvanic pitting in metallic coatings, F. Ogburn and M. Schlissel,
Plating 54, No. 1, 54—62 (Jan. 1967).

lon-molecule reactions in the condensed phase radiolysis of hydro-
carbon mixtures. 1. 2-methylbutane and 3-methylpentane, J. Am.
Chem. Soc. 88, No. 24, 5701-5707 (Dec. 20, 1966).

Measurement of the surface area and the heats of wetting of dentin
powders, G. M. Brauer, (Proc. Second Workshop on Adhesive
Restorative Materials, Charlottesville, Va., December 1965),
Book, Adhesive Restorative Dental Materials II, 203-223 (De-
partment of Health, Education, and Welfare, Public Health Serv-
ice, Washington, D.C. 1966).

Radiation-induced polymerization of hexafluoropropylene at high
temperature and pressure, R. E. Lowry, D. W. Brown, and L. A.
Wall, J. Polymer Sci. 4, Pt. A-1, No. 9, 2229-2239 (Sept. 1966).

Relaxation of moments derived from a master equation, K. E.
Shuler and G. H. Weiss, J. Chem. Phys. 45, No. 4, 1110-1112
(Aug. 15, 1966).

The battle against corrosion, S. Lichtenstein, Compressed Air Mag.
71, No. 12, 12-13 (Dec. 1966).

Vibrational spectrum of CINF,, J. J. Comeford, J. Chem. Phys. 45,
No. 9, 3463-3465 (Nov. 1, 1966).

A new contribution —NBS and engineering standards, G. S. Gordon,
Safety Standards XVI, No. 1, 3, 4, 24, and 25 (Jan.—Feb. 1967).

Additional thoughts on precision calibration of accelerometers,
S. Edelman, Test Engineering and Management XVI, No. 5, 17,
18, 38, and 39 (Nov. 1966).

Air bath thermostat for use with absorption spectrophotometer,
J. H. Gould, Rev. Sci. Instr. 37, No. 9, 1229-1231 (Sept. 1966).
Combination RF radiation and fluid pressure seal, M. B. Hall,
N. T. Larsen, and W. E. Little, Proc. IEEE 54, No. 11, 1585—

1586 (Nov. 1966).

Comparison of mass limiting two-phase flow in a straight tube and
in a nozzle, D. K. Edmonds and R. V. Smith, Proc. Symp. Two-
phase Flow, University of Exeter, Devon, England, June 21-23,
1965, 1, 401-414 (University of Exeter, Devon, England, 1966).

Forces shaping the role of the architect, J. P. Eberhard, Proc. Sec-
ond Architectural Center Conf., May 13-14, 1966, Boston, Mass.,
pp- 12 (Boston Architectural Center, Boston, Mass., May 1966).

Galvanic corrosion of metals in cementing materials, J. W. Pitts,
Military Engr. 59, No. 387, 40-41 (Jan.-Feb. 1967).

Mass flowmeters in cryogenic service, W. J. Alspach, C. E. Miller,
and T. M. Flynn, Proc. ASME Flow Measurement Conf., Pitts-
burgh, Pa., September 26-28, 1966, pp. 34-56 (1966).
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Technology for the city, J. P. Eberhard, Intern. Sci. Technol. 57,
18-29 (Sept. 1966).

The stress corrosion of metals, H. L. Logan, Book (John Wiley &
Sons, Inc., New York, N.Y., Nov. 1966).

A modified Monte-Carlo quadrature, S. Haber, Math. Compt. 20,
No. 95, 361-368 (July 1966).

Electronic data processing in urban transportation planning, B. M.
Levin and R. E. Schoefer (Proc. Second Annual Conference on
Applications of E.D.P. Systems for State and Local Government,
Apr. 1-2, 1966, New York, N.Y.). Book, The Large-Scale Public
E.D.P. System: Its Problems and Prospects. pp. 169-177 (Uni-
versity of New York, N.Y., 1966).

Atomic standards of frequency and time, J. M. Richardson and J.
F. Brockman, Phys. Teacher 4, No. 6, 247-256 (Sept. 1966).

Electrical standards and measurements, F. K. Harris, I. L. Cooter,
B. L. Dunfee, W. P. Harris, F. L. Hermach, and C. Peterson,
Electro-Technol. 97,5570 (Jan. 1967).

Time standards, J. M. Richardson, Book, Encyclopaedic Dictionary
of Physics Supplementary I, 351-355 (Pergamon Press, Inc.,
New York, N.Y., 1966).

A new radiometric equation and its application, H. J. Kostkowski,
Appl. Opt. 5, No. 12,1959 (Dec. 1966).

An improved design for vacuum ultraviolet resonance lamps, A. M.
Bass, Appl. Opt. 5, No. 12, 1967 (Dec. 1966).

Accommodation faculting in Fe-Ni martensitic transformation, R. P.
Reed, Acta Met. 14, 1392-1394 (1966).

Acoustical thermometer and the National Bureau of Standards pro-
visional temperature scale 2-20 (1965), H. Plumb and G. Cata-
land, Metrologia 2, No. 4, 127-139 (Oct. 1966).

Anomaly in Young’s modulus and internal friction of 5SrTiOs - 3Lay/s
TiO; below 100 °C, R. W. Dickson, J. Am. Ceramic Soc. 49, No.
11, 628 (Nov. 1966).

Brownian motion models, R. J. Rubin, Summer Institute on Spec-
tral Theory and Statistical Mechanics, Brookhaven National
Laboratory, Upton, Long Island, N.Y. (July—Aug. 1965), Brook-
haven Natl. Lab. Publ. PNL1.993 (T422), (Clearinghouse for Federal
Scientific and Technical Information, Springfield, Va. 22151,
1966).

Chlorine KB x-ray emission spectra from several chlorinated hydro-
carbon and fluorocarbon molecular gases, R. E. LaVilla and R. D.
Deslattes, J. Chem. Phys. 45, No. 9, 3446-3448 (Nov. 1, 1966).

Comparison Langmuir probe and spectrometric electron tempera-
ture measurements, R. S. Powers, Jr., J. Appl. Phys. 37, No. 10,
3821-3826 (Sept. 1966).

Coriolis zeta constants and force field for osmium tetraoxide, I. W.
Levin and S. Abramowitz, Inorg. Chem. 5, 2024—-2026 (1966).
Correcting for astigmatism in the Czerny-Turner spectrometer
and spectrograph, A. B. Shafer, Appl. Opt. 6, 159 (Jan. 1967).
Effect of sample thickness and operating voltage on the contrast
of Kossel transmission photographs, H. Yakowitz, J. Appl. Phys.

37, No. 12, 4455-4458 (Nov. 1966).

Effects of a constant force on a Keplerian orbit, J. P. Vinti, Proc.
Intern. Astronomical Union Symp. No. 25, Aug. 15-Sept. 3, 1964,
Athens, Greece, pp. 355-362 (1966).

Erratum: Polycrystalline spin-wave theory of ferromagnetic reso-
nance compared with the tilting experiment, A. S. Risley, E. G.
Johnson, Jr., and H. E. Bussey, J. Appl. Phys. 37, No. 9, 3646
(Aug. 1966).

Flash photolysis of matrix-isolated cyanogen azide in solid nitrogen,
L. J. Schoen, J. Chem. Phys. 45, No. 8, 2773-2776 (Oct. 15, 1966).

Molecular emission spectra in the soft x-ray region, R. D. Deslattes
and R. E. LaVilla, Appl. Opt. 6, 39-42 (Jan. 25, 1967).
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Resolving power predictions from lens design data, O. N. Stavroudis,
Appl. Opt. 6, No. 1, 129-135 (Jan. 1967).
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761-772 (Nov. 18, 1966).
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national practical temperature scale above 1063 °C. R. D. Lee,
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scattering of cold neutrons, J. J. Rush, H. E. Flotow, D. W. Con-
nor, and C. L. Thaper, J. Chem. Phys. 45, No. 10, 3817-3825
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Characteristics of the laser probe for spectrochemical analysis,
S. D. Rasberry, B. F. Scribner, and M. Margoshes. Proc. XII
Intern. Spectroscopy Colloquim, Exeter, England, 1965, pp.
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No. 2, 697-702 (Jan. 15, 1967).
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Relation of fracture stress to the fracture pattern for glass rods of
various diameters, M. J. Kerper and T. G. Scuderi, Am. Ceramic
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Book, Testing of Polymers, ed. J. V. Schmitz, 2, sh. 2, 33-82
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The design of a federal statistical data center, E. Glaser, D. Rosen-
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Time-dependent behavior of an incompressible elastic fluid. Some
homogeneous deformation histories, B. Bernstein, Acta Mechanica
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Optimum allocation of calibration errors, E. L. Crow, Ind. Quality
Control 23, No. 5, 215-219 (Nov. 1966).

Adsorption of polymers, R. R. Stromberg, Book, Treatise of Ad-
hesives and Adhesion, Vol. 1, Theory, ch. 3, 69-118 (Marcel
Dekkers Inc., New York, N.Y., 1967).
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A study of the angular and energy distributions of radiation at small
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Eisenhauer, Nucl. Sci. Eng. 27, 240-251 (1967).

A survey of second breakdown, H. A. Schafft and J. C. French,
IEEE Trans. Electron. Devices ED-13, No. 8-9, 613-618 (Aug.—
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Baffled piston radiator: expansion of potential in far, paraxial field,
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Cerous magnesium nitrate: a magnetic temperature scale 0.002—2 °K,
R. P. Hudson and R. S. Kaeser, Physics 3, No. 2, 95-113 (1967).

Definition of temperature in the kinetic theory of dense gases,
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Divergence in the density expansion of the transport coefficients
of a two-dimensional gas, J. V. Sengers, Phys. Fluids 9, No. 9,
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Effective charge carrier lifetime in silicon p-i-n junction detectors,
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tion and Semiconductor Counter Symp., Washington, D.C.,
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Elastic constants of single crystal UO, at 25 °C, J. B. Wachtman,
Jr., M. L. Wheat, H. J. Anderson, and J. L. Bates, J. Nuclear
Mater. 16, 39—41 (1965).

Fermi controlled recombination as a junction design factor in GaAs
laser diodes, N. N. Winogradoff and H. K. Kessler, Int. J. Elec-
tronics 21, No. 4, 329-335 (1966).

Ferrimagnetic resonance low-field effects in rod samples, L. B.
Schmidt, R. D. Harrington, and W. E. Case, Proc. IEEE 55, No. 1,
120-121 (Jan. 1967).

Kinetics of growth of multicomponent chains, J. I. Lauritzen, Jr.,
E. A. DiMarzio, and E. Passaglia, J. Chem. Phys. 45, No. 12,
44444454 (Dec. 15, 1966).

Lack of uniqueness in the international practical temperature scale
above the gold point, H. J. Kostkowski, Metrologia 3, No. 1, 28-29
(Jan. 1967).

Magnetization of iron for magnetometer calibrations, W. E. Case
and R. S. Harrington, Proc. IEEE 54, No. 12, 2004-2005 (Dec.
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Mechanical relaxation in polychlorotrifluoroethylene, J. M. Criss-
man and E. Passaglia, J. Polymer Sci. Pt. C, No. 14, 237-245
(1966).

Nuclear hexadecapole interactions, R. J. Mahler, Phys. Rev. 152,
No. 1, 325-330 (Dec. 2, 1966).

Optical power increase in GaAs laser diodes coated with reflecting
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conductor, N. N. Winogradoff, J. Appl. Phys. 37, No. 10, 3916—
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Spin-relaxation effects on the EPR spectrum of gaseous S-state
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385-386 (Jan. 1, 1967).
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