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The fun c tion g(n, m , h, k) , which enumerates the number of partitions of n into exactly k s um· 
mands each less than or equal to m and in which the number of different summands is exactly h, is 
here tabu lated and studied. 
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1. Introduction 

The problem is to find the number g( n, m , h, k) of partitions of n, into exactly k s ummands 
each ~ m, justh (and any h) of the natural numbe rs ~ m being used as summands, in any partition. 
Evidently, we must have h ~ k and also h ~ m . 

EXAMPLE: Let n = lO , m =3, h = 2, and k =4. The n, there are jus t two acceptable partitions , 
VIZ., 

1,3,3,3 and 2,2,3,3. 

For n = 11, there is only one acce ptable partition: 2,3,3,3. For n ~ 4 or n ~ 12, the re is no partition 
of the des ired type. 

In what follow s, we shall denote by g*( n , m , h , k) , Ihe number of those g-type partitions of 
n in whic h the greatest summand used is m, and by G(n, m , h, k) th e number of those in whi ch 
the number of s ummands is at most k ( ~ h). Thu s 

g*( n , m , h , k) =g(n, m, h, k)-g(n, m-l, h , k) ; (1.1) 

and 
k 

G(n, m , h, k) = L g( n, m , h , j). (1.2) 
j = ! 

2. Some Useful Relations 

Let 

* * 
* * 
* * 
* * * 
* * * 
* * * * * 

be the graph of a g-type partttlOn of n . (In the graph, we have n=17, h =3, k=6 and we la ke 
m = 7.) Place crosses in each row so that the total number of s tars and crosses in each row is 
(m + 1). Then the graph takes th e form: 

* An invited pa per. 
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* * * * * * 
* * 

x x x x x x 

* * * * * * * * 
x x x x x x 

* * * * * * * * x x x x x x 

* * * * * * * * x x x x x 

* * * * * * * * x x x x x 

* * * * * * * * x x x 

It will be readily see n that the crosses provide an acceptable partition of k{m+ 1) - n. The cor­
respondence being one-one onto, we have: 

g(n, m, h, k) = g(k{m+ 1) - n, m, h, k)_ (2.1) 

(The two partitions may be spoken of as complementary.) 
Again , if m be the largest summand in a g -type partition of n, then in the conjugate partition 

(obtained by interchanging rows and columns in the graph) the largest summand is k and the number 
of summands exactly m. Hence 

g*(n, m, h, k) =g*(n, k, h, m)_ (2.2) 
Similar reasoning gives 

G(n, m, h, k) =G(n , k, h, my. (2.3) 

3. n :e Generating Function for g 

It is not difficult to see that g(n, m, h, k) is the coefficient of X"Zk in 

(3 .1) 

where Cj runs through each of the (~) sets of h distinct natural numbers ~ m. In other words, 

g(n, m, h, k) is the coefficient of X"Z/'th in 

(3.2) 

i.e., in 

111 l+xiz(t-1) IT 1- xiz l(t) II(O) , 
t = 1 

(3.3) 

where 

with 

[ m]=O-xm)O-xm- I)(I-x11l - 2) ... (l-xm - i + l ) i(; + I) / 2 

i (l-x)(l-X 2)(l_X3) . .. (l_Xi) X . 
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The coefficient of tit inf(t) is 

Breaking into partial fractions, we have 

m , m 

A,,(x, z) IT (l-xiz) - ' = L BI")(x) / (l-xiz), (3 .5) 
i = 1 i = l 

with 

for i ~ 2; 

and 

B\")(x)=A ,,(x,x - i )/(l-x)(l-X2 ) •. • (l-x m - '). 

The coefficient of Zk - h in (3 .5) is given by 

'" F(x, m, h , k) = L B\h )(X) Xi(f .. - II) . (3.6) 
;= 1 

He nce, g( n , m , h , k) is the coeffici ent of x" in F (x, m , h , k). 
In parti cular, it can be shown that 

He nce, 

g(lO, 3, 2, 4) = coeffi cient of X 'O in F(x , 3 , 2 , 4) = 2. 

It will be seen t hat the coe fficient of zkt in (3.2), is 

He nce, 
(3.7) 

r T F( h k) . l . l " .I" d l k h (h -1) " h " h HEOREM: x, m" ~s a po ynomw £II x OJ egree exact y m - 2 ,£II W ~c 

the coefficients of terms equidistant from the beginning and the end are equal. 

It will be readily seen that 

( h(h-1) 
g(n , m, h , k) = 0 for n < k+ 2 , and also 

h(h - 1) 
for n > mk- . 

2 
Moreover , 

( h(h-l) ) 
g mk- 2 ' m, h, k = 1, 
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b h I . . f k h(h-1). ecause t e on y g-type partitIOn 0 m - 2 IS 

m-1, m-2, m-3, .. .. , m-(h-1), m, m, . .. , m. 

The rest of the theorem, follows immediately from (2 .1 ). 

4. Reduction Formulas 

We observe that g(n, m, h, k) is also the number of solutions of the equation: 

such that 

XI +X2+ . .. +x,,=k, 

a's and x's being positive integers. 
Since (4 .1 ) can be written in the form: 

we have for h > 1, 

k - l [(n - l) /k) 

g(n, m, h, k) = 2: 2: g (n - ka" m - a I, h - 1, k - X I) , 
Ul = 1 x, = l 

, [(n - l)/k) 

~1 G(n-kj, m-j, h-1, k-l). 

This provides a reduction formula for g(n, m, h, k). 
From (4.2), we readily obtain: 

g(n, m, h, k)=G(n-k, m-1, h-1, k-l)+g(n-k, m-l, h, k), 

which gives 

G(n-k , m-1, h-1, k-1)=g(n, m, h , k)-g(n-k, m-1, h , k). 

Since 

(4.1) 

(4.2) 

(4.2' ) 

G(n-k, m-1, h-1, k-l)=g(n-k, m-1, h-1, k-l)+G(n-k, m-1, h-1, k-2), 

we get 

g(n, m, h, k)=g(n-k, m-1, h, k)+g(n-k, m-1, h-1, k-1) 

+g(n-1, m, h, k-l)-g(n-k, m-1, h, k-1). (4.3) 

For h = 1, we have 

g(n, m, 1, k) = 1, when kin and n ~ km; 

= 0, otherwise. (4.4) 
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As an alte rnative proof of (4.2'), we offer the following: 
The number of g -type partitions of n in which 1 appears as a summand is give n by 

G(n -k, m-I, h-I , k-1), because reducing each summand by 1, we get a partition of (n-k) 
into at mos t (k-I) parts with each summand";;; (m-1) and using (h-I) dis tin c t natu'raJ numbe rs 
,,;;; (m-I) as s ummands. Th e numbe r of partitions in which 1 does not appear a a s ummand 
is give n by g( n - k, m-I , h, k) . For, diminishing each summand by 1, as before, we are thi s time 
left with a partition of (n - k) into exactly k summands each,,;;; (m -1) and utilizing jus t h natural 
numbers";;; (m - I) as s ummands. 

Hence the r esult. 
As an illu s tration of the use of (4.2), we evaluate g(l6, 6, 3, 5) at some length. We have 

g (l6, 6, 3, 5) =G(ll, 5, 2, 4) +G(6, 4, 2, 4) +G(I, 3, 2, 4). 

Now, 

G(lI, 5, 2, 4) = g(lI, 5, 2, 4) +G(ll, 5, 2, 3); 

g (ll, 5, 2, 4) = G(7 , 4, 1,3) +G(3, 3, 1,3), 

=0+g(3, 3, 1,1) +g(3 , 3,1,2) +g(3, 3,1,3), 

= 0+ 1 +0+ 1 = 2. 

G(lI, 5, 2, 3) =g(ll, 5, 2, 1) + g( ll , 5, 2, 2) +g(ll, 5, 2, 3), 

= 0 + 0+G(8 , 4 , 1, 2) +G(5, 3,1,2) +G(2, 2,1,2); 

G(8, 4 , 1, 2) =g(8, 4,1, I)+ g (8, 4 , 1, 2)=0+1=1; 

G(5 , 3,1, 2) =g(5, 3, 1, I)+g(5, 3, 1, 2) = 0+0 = 0; 

G(2, 2,1 , 2) =g(2 , 2, 1, I)+g(2, 2, 1, 2)=1+1=2. 

Again, 

G(6, 4, 2,4) =g(6, 4, 2, 1) +g(6, 4, 2, 2) +g(6, 4,2,3) + g(6 , 4 , 2, 4) 

=0+G(4, 3,1,1) +G(2, 2,1,1) +G(3, 3,1, 2)+G(2, 3,1,3), 

G(4 , 3, 1,1) =g(4, 3,1,1) =0, 

G(2 , 2, 1, 1) =g(2, 2, 1, 1) = 1, 

G(3, 3,1, 2)=g(3, 3,1, I)+g(3, 3,1,2)=1+0=1, 

G(2, 3,1,3) =g(2, 3,1,1) +g(2, 3,1,2) +g(2, 3,1,3) 

=1+1+0=2. 

Finally, 

GO, 3, 2, 4) =0. 

Hence 

g( 16, 6, 3, 5) =9. 

Tracing bac kward , each one of the nine paths of reduction , thi s me thod e nables us to write 
down the corres pondin g partitions a s well. 
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Thus, one path of reduction is: 

g(2, 2,1, 1) ~ g(ll, 5, 2, 3) ~ g(16, 6, 3, 5). 

This gives in (4.1), 

which leads to the partition: 1, 1,4,4,6 of 16. The other partitions viz., 

1, 1,2,6,6; 1,1,4,5,5; 1,3,3,3, 6; 1,3,4,4,4; 

2, 3, 3, 4, 4; 2, 3, 3, 3, 5; 2 , 2, 3, 3, 6; 2, 2, 2, 4, 6; 

ca n be similarly obtained. 
As another reduction formula , we have the following: 

[(11 - 1)/ 111] 

g(n, m, h, k)=g(n, m-1, h, k)+ L g(n-jm, m-1, h-1, k-j), (4.5) 
j = 1 

because g(n, m-1, h , k) is th e number of those partitions of n in which m does not at all occur 
as a part, while the sigma provides the rest. 

From (4.5), we can easily dedu ce that 

g(n, m , h, k)=g(n, m-1 , h , k)+g(n-m, m-1 , h-1 , k-1)+g(n-m, m, h, k-1) 

-g(n-m, m-1, h, k-1). (4.6) 

Whe n m =F k, (2.2) gives the simpler result: 

g(n, m, h, k) =g(n, m-1, h, k) +g*(n, m , h, k), 

=g(n, m-1, h, k)+g *(n, k, h, m), 

=g(n , m-1 , h, k)+g(n, k, h, m)-g(n, k-1, h, m). (4.7) 

In computing the tables that are appended , we have made use of (4.6). The other formulas 
have served as checks. In view of (2.1), the tables give values of g(n, m, h, k) for 

h(h-l) 
k+ 2 ~ n ~ [k(m+1)/2]; m, h, k ~ 10. 

The plan of the tables is easy to follow. For even values of h, the values of g(n, m, h, k) appear 
in the right·hand triangles and those for odd values of h in the left·hand ones. 

For fixed n, h, k, the values of g( n, m, h, k) are nondecreasing for increasing m. This is what 
could be expected. But, for fixed m, h , k and increasing n, the function g(n, m, h, k) behaves 
quite irregularly. This is rather unus ual. 

A close study of the tables, has led to the 
THEOREM: For any fixed m , hand k, 

'" (m-1) (k-1) ,f;/*(n,m,h,k)= h-1 h-1· 
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W e offer a co mbinatorial proof. 
Le t 

y 

R" k 0 o P" 

0 0 

0 0 

R j 0 0 0 o P j 

0 0 0 o 

R3 3 0 0 0 o 0 P a 

Rz 2 0 0 0 o o o o Pz 

RI 0 0 0 o o o 0 o PI 

1 2 .1 m 
0 X 

Q" Qj Q:I Q2 QI 

be the graph of a g* -partition for so me n. Th e graph dete rmin es uniquely and is uniqu e ly de te r­
mined by its co rne r points: PI , P2 , P:l , ••• , P", Th ese, in turn , are uniqu ely de te rmined by 
and uniquely de te rmine, two se ts of h points each viz., Q = {QI, Q2, ... , Q,,}, a nd R = {R" 
R z , _ .. , R,,} ob tai ned fro m th e proj ec ti on of the points PI , P t , ... , p" on the axes of X a nd Y. 
Th e points Q2, Q3, ... , Q" li e s tri c tl y be tween 0 a nd m (=Q I) on th e X axis . Th e point R " 
R2 , • •• , R,, _, lie s tri c tl y be twee n 0 a nd k (= R,, ) on th e Y ax is. Th e total number of ways in whi c h 

th e (h-l) points Q2, Q3, .. . , Q" ca n be placed be twee n 0 a nd In , is (: := ~). S imilarly, the 

(h - 1) po ints R I , Rz , . . . , R,, _, can be loca ted be twee n 0 a nd k on th e Y axis in (~:= ~ ) ways. 

Hence th e total number of g*- partition s mu s t be ( : := D ( ~:= D and the theorem follow s. 

Proceeding on the sam e lin es, one can prove tha t 

x (k-l)(m) 1~1 g( n , m , h , k) = h -1 h ' (4.9) 

and 

~ G(n, m, h, k) = (~) (~) - (4.10) 

Res ult (4.9) can be derived induc tive ly from (4.6). The results (4.9) and (4_10) can both b e derived 
also from the theorem itself. 

? The points of sets Q and R determine uniquely another set of h points T= {T" T 2 , • • _, T,, }; 
wh ere Tj is the point of which Qh - j+ 1 is the proj ection on the X axis and Rj the proj ection on the 
Yaxi s. 

The broken line OT, T2 . .. T" corresponds to an ordered partition of the vector (m, k) 
into exac tly h nondegenerate parts. I He nce the s um in (4.8) can be inte rpre te d as the number 
of such partitions of th e bipartite number (m, k). 

I Gupta, 1-1 .. Graphic Representation of a Partiti on of a j-Parlile Nu mber. Hesearch Bulletin (N.S.), Panjab Uni versity, I O ~ 189-196 (1959). 
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TABLE~ 
h =2 

*** ** ** ** ** ** ** ** ** ** ** *** 
2 3 4 5 6 7 8 9 10 m n k 

3 2 

38 
37 
36 

35 
34 
33 
32 
31 
30 

29 

28 
27 
26 
25 
24 
23 
22 

21 
20 

19 
18 
17 
16 
15 

14 
13 
12 
11 
10 

47 
54 
51 

54 
49 
47 
45 
47 
44 
45 

47 
39 
34 

38 
34 

33 
26 

32 
24 

21 
20 

18 
14 
12 

11 
6 
5 

2 

50 
38 
40 
35 
38 
38 
40 

39 
35 
28 
35 
29 
31 
23 

30 

21 
19 
18 
17 
14 
12 

11 
6 
5 
2 

2 
1 
2 

2 
o 

28 
30 

31 

37 
26 
24 

28 
25 
27 
21 

27 

19 
16 
16 
15 
13 
12 

11 
6 
5 
2 

2 

1 
2 
2 
2 

3 
o 

2 
3 
2 

31 
21 
18 
23 
18 
22 
16 

26 
16 
14 
13 
13 
11 
11 

11 
6 
5 
2 

2 
2 

2 
2 
3 
1 
3 
o 

3 
3 
3 
2 
4 

3 
o 

16 
14 
11 

20 

14 
12 
11 
10 

9 
9 

10 
6 
5 
2 

2 
2 
3 

2 
2 
3 
2 

3 
o 

3 
3 
4 
3 
4 
3 
o 

5 
4 
3 

14 
8 
9 
8 
9 
6 
7 

8 
5 
5 
2 

2 
2 
3 
3 

2 
2 

3 
2 
4 
o 

3 
3 
4 
3 
6 
3 
o 

5 
4 
4 
5 
4 
5 
o 

5 
4 
5 

6 
3 
4 
2 

1 

2 
2 
3 
3 
4 

2 
2 
3 
2 
4 
1 

3 
3 
4 
3 
6 
4 
1 

5 
4 
4 
5 
6 
5 

5 
4 
6 

3 
2 
2 
1 
1 

1 

2 
2 
3 
3 
4 
4 

2 
2 
3 
2 
4 

4 

3 
4 
3 
6 
4 
2 

5 
5 
4 
5 
6 
6 
2 

5 
4 
7 
6 
6 
5 
2 

2 
2 
3 
3 
4 
4 

4 
5 
6 
7 
8 
9 

10 
5 11 

2 
2 
3 
2 
4 

4 

4 

4 
3 
6 
4 

2 

6 
5 
4 
6 
6 
6 
3 

5 
5 
7 
6 
6 
7 
3 

5 
6 
7 

8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 

21 

22 
23 
24 

25 
26 
27 

28 

29 
30 
31 
32 
33 
34 
35 

36 
37 
38 

***~------------------------------------------------~----4 

n m 10 9 8 7 6 5 4 3 

***** *************************************************************** ****** 

h= 3 
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*** 

]6 

15 
14 
13 

12 
11 
10 

9 
8 
7 

6 

33 
32 
31 

30 
29 
28 
27 
26 
25 

24 
23 
22 
21 
20 
19 

18 
17 

16 
15 
14 
13 

12 
11 
10 
9 

n m 

** 

10 

10 
9 
8 

7 
5 
4 

3 
2 

32 
44 
42 

38 
40 
41 
32 
38 

36 

31 
34 
29 
24 
26 
26 

19 
21 
16 
13 
10 
10 

6 
5 
2 

10 

** 
2 

8 
8 
7 

7 

5 
4 

3 
2 

30 
33 
35 
24 
32 
33 

27 
29 
26 
20 
25 
23 

17 
19 
15 
13 
10 
10 

6 
5 
2 

9 

** 
3 

2 
o 

6 

6 
5 
4 

3 
2 

2 

2 

18 
25 
27 

23 
24 
22 
17 
21 
22 

14 
17 

13 
12 
10 
10 

6 
5 
2 

8 

** 
4 

1 
2 

2 

5 
4 

4 

3 
2 

2 
2 
2 

2 

3 
2 

]8 
20 
16 
12 
19 
18 

13 
14 
11 
10 
9 

10 

6 
5 
2 
1 

7 

** 
5 

2 

3 
2 
2 

3 

3 
2 

] 

2 
2 
3 

2 

4 

3 
3 

4 

6 
13 
15 

10 
13 

8 
8 
7 
9 

6 
5 
2 

6 

** 
6 

2 
1 

3 
3 
2 

3 

2 
2 

2 
2 
3 
2 
2 

4 

3 
5 

4 

4 

5 

6 
9 
8 
5 
5 
7 

5 
5 
2 

5 

** 
7 

2 

3 
3 
3 

3 
4 
2 

2 
2 

3 
2 
3 

4 

3 
5 
2 
5 

4 

5 
6 
1 
5 

4 

3 
5 

3 
4 
2 
1 

4 

** 
8 

2 

3 
3 
3 

4 
4 

3 

4 

2 
2 
3 
2 
3 

2 

4 
3 
5 
2 
6 

1 
5 
5 
6 
2 
6 

1 

6 
6 

2 
2 

1 

3 

** 
9 

I 
2 

3 
3 
3 

4 
5 
3 

5 
4 
4 

2 
2 
3 
2 
3 

2 
5 
3 
5 
2 
6 

2 
5 
5 

7 
2 
7 

1 

7 
6 

6 
2 
8 

h = 2 
** 
10 

1 

2 

3 
3 
3 

4 
5 
4 

5 
5 
4 

5 

2 

2 
3 
2 
3 

2 
5 
4 

5 
2 
6 

2 
6 
5 
7 

2 
8 

2 
7 
6 
7 
2 
9 

2 
7 
7 

*** 
In n 

4 

5 
6 

7 

8 
9 

10 
11 
12 

13 
14 
15 

16 

7 
8 
9 

10 
11 

12 

13 
14 
15 
16 
17 
18 

19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 

****************************************************************************** 

h =3 

337 

k 

3 

6 



.** 

22 
21 

20 
19 
18 
17 

16 
15 
14 
13 

12 
11 
10 
9 

8 
7 

27 
26 

25 
24 
23 
22 
21 

20 
19 
18 
17 
16 

15 
14 
13 
12 
11 

10 
9 
8 

n m 

• * 

16 
22 

18 
20 
16 
19 

14 
16 
11 
11 

8 
7 
3 
4 

2 

31 
28 

31 
29 
28 
25 
25 

26 
23 
20 
18 
17 

18 
11 
9 
8 
5 

5 
2 

10 

•• 
2 

14 
17 
13 
16 

13 
14 
10 
11 

8 
7 
3 
4 

2 

26 
22 
25 
21 
22 

21 
21 
18 
16 
15 

17 
11 
9 
8 
5 

5 
2 

9 

• * 
3 

2 

10 
13 

10 
13 
8 

10 

8 
7 
3 
4 

2 

1 

2 

2 
o 

17 
19 

18 
16 
16 
14 
13 

15 
10 

9 
8 
5 

5 
2 

8 

* • 
4 

2 
2 

4 

7 

10 
7 
8 

7 
7 

3 
4 

2 

1 

2 
2 
2 
o 

3 
2 

14 
14 
11 
12 
11 

13 
8 
8 
8 
5 

5 
2 

7 

.* 
5 

2 
2 
2 

4 
2 
2 

4 
7 

5 
6 
3 
4 

2 

2 
2 
3 
o 

3 
2 
4 
3 
o 

8 
9 

11 
6 
6 
7 
5 

5 
2 

6 

** 
6 

2 
2 
2 

2 
4 
2 
3 

2 
5 

4 
4 
2 

4 

2 

2 
2 
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44 
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34 
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32 
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29 
28 
27 
26 
25 

24 

23 
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15 
14 
13 
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11 
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56 
54 
72 
61 
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55 
66 
51 
52 
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63 
48 

56 
43 
53 
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40 
41 
41 
37 

35 
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28 
27 
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19 
16 

13 
11 
6 
5 
2 
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** 
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45 
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40 
48 
54 
41 
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39 
46 

35 
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38 
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34 
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26 
24 
18 
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18 
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13 
11 
6 
5 
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** 
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26 
38 
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32 
42 
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26 
31 
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29 

31 
24 
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18 
16 
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13 
11 
6 
5 
2 
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** 
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26 
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58 
66 
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51 
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56 
41 
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44 
36 
36 
26 
31 
26 
22 
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21 

17 
13 
11 
6 
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** 
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51 
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55 
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46 
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33 
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47 
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51 
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38 
37 
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35 
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33 
32 
31 
30 
29 

28 
27 
26 
25 
24 

23 
22 

21 
20 
19 
18 
17 
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170 
176 
168 

164 

159 
143 
136 
129 
116 
103 

98 
76 
64 

56 
43 
33 
22 

17 
9 

5 
2 
1 

10 

*** 
4 

2 

3 
3 

104 
102 
92 

94 
85 
87 
76 

75 

59 
52 
47 
38 
31 
21 

17 
9 

5 
2 

9 

*** 
5 

2 

4 
7 
6 

9 

8 
10 

6 

50 
50 
51 

53 
38 
36 
35 
29 
26 
19 

16 
9 

5 
2 

8 

*** 
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2 
3 

1 
2 

5 
9 

II 
14 
15 
16 
13 

23 
21 
20 

35 
20 
20 
21 
18 
17 
14 

14 
8 
5 
2 
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*** 
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3 
4 
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6 
4 
2 
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*** 
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5 
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7 
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2 

5 
10 
14 
21 
26 
31 
30 

41 
41 
50 
51 
61 
65 
53 

62 
67 
69 

3 
2 
2 

5 

*** 
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2 

3 
5 

6 
8 

9 

11 
11 
12 

2 

5 
10 
14 
22 
28 
36 
36 

51 
51 
62 
64 

79 
81 
80 

88 
92 

100 
103 
105 

103 
94 
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10 m n k 

10 4 

2 

3 
5 
6 
9 

10 
13 
14 
16 

11 
12 

13 
14 
15 
16 

17 
18 
19 
20 

16 21 
18 22 

1 
2 

5 
10 
14 
22 
29 
38 
41 

57 

.61 
72 

77 
94 

100 
98 

113 
122 
125 
137 
143 
141 
144 
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146 
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13 
14 

15 
16 
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18 
]9 
20 
21 
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24 

25 
26 
27 
28 

29 
30 
31 
32 
33 
34 
35 

36 
37 
38 
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24 
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22 
21 
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19 
18 
17 
16 

15 

33 
32 
31 

30 
29 
28 
27 
26 
25 

24 
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20 
19 

18 
17 
16 

*** 
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19 

18 
16 
14 
11 
9 

7 
5 
3 
2 

66 
75 
68 

69 
61 
62 
50 
50 
39 

35 
27 
22 
13 
12 
7 

4 
2 

10 

*** 
4 

12 
11 
11 
9 
8 

6 
5 
3 
2 

2 
2 

42 
40 
42 
34 
37 
32 

28 
23 
20 
12 
12 

7 

4 
2 

9 

*** 
5 

2 
3 
4 
o 

6 
6 

5 
4 
3 
2 

2 
4 

6 
4 

5 
6 
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20 
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*** 
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6 
7 

3 
3 
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13 
11 
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9 

11 
14 
16 

17 
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27 
23 
23 
22 

o 
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2 
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*** 
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2 
4 
7 
7 

12 
14 
16 
18 
19 

19 
21 

2 
5 
9 

12 
16 
21 

22 
24 
35 
31 
37 
35 

39 
37 
48 

5 

**** 
9 

2 
4 
7 
7 

13 
16 
20 
21 
26 

27 
31 
29 
33 
30 

2 
5 
9 

12 
17 
23 

27 
29 
43 
40 
47 
50 

53 
53 
68 
56 
64 
62 

h=4 
*** 
10 

2 
4 
7 
7 

13 
17 
22 
25 
29 

34 
39 
40 
43 
44 

47 
46 

2 
5 
9 

12 
17 
24 

29 
34 
48 
48 
56 
61 

70 
68 
85 
76 
89 
86 

93 
85 

104 

*** 
f1 n 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 

k 

5 

12 6 
13 
14 
15 
]6 
17 
18 

]9 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 

31 
32 
33 
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44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 
33 

32 
31 
30 
29 
28 
27 
26 
25 

24 
23 
22 
21 
20 
19 
18 
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*** 

324 
337 
339 
340 

321 
311 
297 
279 
255 
256 
237 
204 

194 
162 
152 
127 
108 
89 
77 
56 

43 
27 
19 
10 
5 
2 

10 

*** 
4 

2 

3 
4 
4 
5 

200 
196 
194 
181 
164 
183 
170 
151 

142 
126 
116 
99 
86 
75 
67 
51 

41 
26 
19 
10 

5 
2 

9 

*** 
5 

2 
4 

7 
7 

11 
12 
12 
12 
14 
11 

78 
106 
107 
92 

96 
83 
85 
68 
60 
54 
53 
41 

36 
24 
18 
10 
5 
2 

8 

*** 
6 

1 
2 
5 

9 
12 
16 
20 
20 
20 
28 
24 

30 
26 
33 
33 

47 
43 
48 
46 
34 
33 
34 
28 

26 
19 
16 
9 
5 
2 

7 

*** 
7 

2 
5 

10 
14 
21 
26 
30 
29 
38 
36 

46 
44 
56 
60 
53 
50 
64 
55 

16 
15 
18 
14 

15 
10 
11 
7 
4 
2 

6 

*** 
8 

2 
5 

10 
15 
23 
31 
36 
40 
49 
47 

60 
59 
75 
82 
89 
75 
96 
85 

103 
86 
97 

118 

5 
4 
4 
3 
2 

5 

*** 
9 

1 
2 
5 

10 

15 
24 
33 
41 
46 
60 
59 

73 
74 
92 

100 
113 
108 
127 
122 

140 
127 
139 
160 
161 
143 
158 
144 

h =4 
*** 

10 

2 
5 

10 
15 
24 
34 
43 
51 
66 
70 

85 
88 

109 
118 
133 
131 
162 
151 

181 
166 
187 
203 
215 
200 
223 
212 

221 
212 
239 
236 

*** 

1m Il 

14 
15 
16 

17 
18 
19 
20 
21 
22 
23 
24 

25 
26 
27 
28 
29 
30 
31 
32 

33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 

************************************************************************** 
17 = 5 
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n 

*** 

49 
48 
47 
46 

45 
44 
43 
42 
41 
40 
39 
38 
37 

36 
35 
34 
33 
32 
31 
30 
29 
28 

27 
26 
25 
24 
23 
22 
21 
20 
19 

m 

*** 

581 
580 
573 
577 

590 
520 
507 
508 
471 
460 
419 
407 
366 

354 
305 
272 
240 
216 
189 
163 
138 
112 

91 
66 
48 
29 
20 
10 
5 
2 

1 

10 

*** 
4 

I 
2 
3 

4 
5 
6 
6 

378 
326 
314 
334 
308 
316 
278 
285 
260 

270 
227 
211 
179 
170 
148 
130 
IJ 4 
97 

81 
61 
46 
28 
20 
10 
5 
2 

9 

*** 
5 

2 
4 
7 

7 
12 
14 
16 
14 
20 
16 
19 
16 

177 
172 
165 
152 

174 
154 
141 
127 
11 9 
107 
94 
83 
74 

66 
51 
41 
26 
19 
10 
5 
2 

8 

*** 
6 

2 
5 
9 

12 
17 
22 
25 
24 
35 
30 
35 
36 

38 
41 
47 
41 

88 
77 
78 
68 
73 
64 
63 
52 
48 

45 
37 
31 
21 
J7 
9 
5 
2 

7 

*** 
7 

2 
5 

10 

14 
22 
28 
35 
34 
47 
43 
53 
52 

65 
67 
72 
72 
75 
85 
82 
79 
74 

29 
26 
27 
26 

24 
21 
19 
12 
12 

7 

4 
2 

6 

*** 
8 

2 
5 

10 

15 
24 
33 
41 
45 
59 
56 
68 
69 

83 
91 

105 
103 
11 2 

122 
123 
121 
]1 6 

143 
J39 
140 
134 

8 
7 

7 
5 
5 
3 
2 

5 

*** 
9 

1 
2 
5 

10 

15 
25 
35 
46 
51 
70 
69 
83 
85 

102 
108 
132 
131 
147 
165 
165 
168 
164 

187 
192 
215 
197 
2Jl 
210 
222 
223 
184 

h =4 
*** 
10 

1 

2 
5 

10 

15 
25 
36 
48 
56 
76 
80 
96 

101 

120 
128 
151 
157 
178 
196 
210 
213 
216 

240 
245 
270 
266 
285 
287 
304 
3J6 
280 

306 
3J7 
323 
321 

\ 

*** 
Tn It 

15 
16 
17 
18 

19 
20 
21 
22 
23 
24 
25 
26 
27 

28 
29 
30 
31 
32 
33 
34 
35 
36 

37 
38 
39 
40 
4J 
42 
43 
44 
45 

46 
47 
48 
49 

************************************************************************** 
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345 

362-120 0 - 69 - 5 

k 
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l 

*** 

55 
54 
53 
52 
51 

50 
49 
48 
47 
46 
45 
44 
43 
42 
41 

40 
39 
38 
37 
36 
35 
34 
33 
32 
31 

30 
29 
28 
27 
26 
25 
24 
23 
22 
21 

20 

n m 

*** 

864 

940 
955 
895 
915 

855 
897 
825 
833 
771 
714 
692 
700 
632 
603 

558 
512 
462 
424 
375 
324 
302 
257 
230 
195 

162 
126 
101 

71 
50 
30 
20 
10 
5 
2 

10 

*** 
4 

2 
3 
4 

5 
7 
7 
8 
8 

514 
541 
511 
540 
523 
468 
466 
474 
439 
431 

393 
380 
345 
329 
287 
253 
231 
206 
184 
160 

137 
111 
91 
66 
48 
29 
20 
10 
5 
2 

9 

*** 
5 

2 
4 
7 

7 

12 
15 
18 
18 
22 
22 
24 
22 
25 
22 

256 
272 
281 
265 
268 

249 
239 
223 
223 
203 
175 

170 
145 
138 
119 

104 
87 
76 
56 
43 
27 
19 
10 
5 
2 

8 

*** 
6 

1 
2 
5 
9 

12 

17 
23 
27 
29 
39 
37 
41 
42 
50 
46 

54 
51 
60 
54 
62 

128 
124 
120 
125 
112 
102 
103 
92 
86 
83 

68 
59 
54 
42 
33 
22 
17 

9 
5 
2 

7 

*** 
7 

2 
5 

10 
14 

22 
29 
37 
39 
52 
52 
60 
60 
75 
76 

79 
85 
98 
92 

112 
101 
101 
106 
112 
100 

42 
46 
41 
44 

39 

39 
32 
31 
25 
21 
13 
12 
7 
4 
2 

6 

*** 
8 

2 
5 

10 
15 

24 
34 
43 
50 
64 

66 
77 
78 
95 
99 

114 
114 
139 
131 
160 
144 
155 
163 
177 
168 

175 
175 

179 
177 
212 

12 
11 
11 
9 
8 
6 
5 
3 
2 

5 

*** 
9 

2 
5 

10 
15 

25 
36 
48 
56 
75 
79 
93 
96 

115 
118 

140 
145 
170 
176 
205 
196 
208 
216 
232 
237 

249 
252 
261 
270 
308 
260 
274 
288 
285 
292 

h = 4 
*** 

10 

2 
5 

10 
15 

25 
37 
50 
61 
81 
90 

106 
113 
135 
139 

161 
170 
204 
204 
250 
242 
266 
272 
298 
288 

326 
326 
332 
361 
411 
367 
384 
393 
386 
418 

419 
414 
416 
404 
476 

*** 
m . n k 

16 10 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

51 
52 
53 
54 
55 

************************************************************************** 
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11 = 6 
*** *** *** *** *** *** *** *** 

6 7 8 9 10 m n k 

2] 6 
1 22 

2 2 2 23 
2 3 3 24 

3 4 5 25 
3 5 6 26 
4 7 9 27 

7 10 28 
8 13 29 
8 ]4 30 

16 31 
16 32 
18 33 

24 9 
2 2 2 2 25 

2 4 5 5 5 26 
3 7 9 10 10 27 

4 11 16 ]8 19 28 
5 16 25 30 32 29 
6 16 32 42 47 30 
6 22 41 59 69 31 

22 48 72 91 32 
49 171 28 57 93 i19 33 
48 170 26 62 103 144 34 
47 167 29 67 121 172 35 
46 165 24 66 122 189 36 

45 164 84 89 ]54 230 37 
44 131 56 88 ]65 253 38 
43 123 56 88 ]89 293 39 
42 116 57 88 190 315 40 
41 ]01 52 210 353 41 
40 90 49 ]8 209 372 42 
39 74 42 17 231 413 43 
38 63 38 15 233 441 44 
37 48 32 12 186 416 45 

36 39 30 16 4 450 46 
35 25 20 12 3 473 47 
34 16 14 9 3 482 48 
33 9 8 6 2 489 49 
32 5 5 4 2 
31 2 2 2 
30 

n m 10 9 8 7 
************************************************************************** 

11 = 7 
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h=6 
*** *** *** *** *** *** *** *** 

6 7 8 9 10 m n k 

22 7 
2 2 2 2 23 
3 4 4 4 24 
4 6 7 7 25 

38 10 5 9 11 12 26 
37 10 6 12 16 18 27 
36 9 0 9 16 20 28 

35 8 4 12 23 30 29 
34 7 4 14 24 36 30 
33 5 3 15 31 43 31 
32 4 3 31 51 32 
31 3 2 36 59 33 
30 2 2 33 61 34 
29 34 67 35 

28 71 36 
72 37 
76 38 

23 8 
2 2 2 2 24 

2 4 5 5 5 25 
2 6 8 9 9 26 
3 9 14 16 17 27 
3 12 20 25 27 28 

44 48 9 23 32 37 29 
43 54 11 25 41 50 30 
42 50 13 30 49 66 31 
41 52 13 32 58 79 32 

40 44 20 36 65 96 33 
39 43 20 35 71 109 34 
38 34 18 35 73 120 35 
37 32 16 56 98 151 36 
36 23 12 0 95 156 37 
35 23 16 7 97 176 38 
34 16 12 6 96 179 39 
33 11 9 5 98 197 40 

32 7 6 4 193 41 
31 4 4 3 211 42 
30 2 2 2 210 43 
29 228 44 

n m 10 9 8 7 

****** ******************************************************************** 
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11. = 6 
••• ** • .*. *** ..* *.* *** *.* 

6 7 8 9 10 m n k 

25 10 
2 2 2 2 26 

2 4 5 5 5 27 
3 7 9 10 10 28 
5 12 17 19 20 29 
6 18 27 32 34 30 

8 20 37 47 52 31 
9 29 50 69 79 32 

11 34 65 91 111 33 
11 39 77 118 146 34 
12 45 92 143 189 35 

55 388 49 102 169 230 36 
54 458 47 108 184 265 37 
53 454 54 133 221 319 38 
52 420 53 136 240 356 39 
51 418 54 153 278 41 3 40 

50 385 154 150 293 451 41 
49 380 159 168 33] 520 42 
48 342 152 162 344 549 43 
47 326 156 179 387 639 44 
46 281 150 182 412 690 45 
45 248 122 42 396 733 46 
44 221 116 41 404 740 47 
43 206 112 45 441 814 48 
42 170 98 39 429 8ll 49 
41 148 89 40 452 893 50 

40 115 73 32 8 880 51 
39 93 63 31 8 938 52 
38 66 48 23 7 900 53 
37 49 39 23 7 930 54 
36 30 25 16 5 ]020 55 
35 18 16 11 4 
34 10 9 7 3 
33 5 5 4 2 
32 2 2 2 
31 

n m 10 9 8 7 

************************************************************************** 
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h=8 
••• •• ** ** •• .** 

8 9 10 m n k 

36 8 
37 

2 38 
2 39 
3 40 

3 41 
4 42 
4 43 
5 44 

37 9 
2 2 38 
3 4 39 
4 6 40 
5 9 41 

49 6 12 42 
48 7 16 43 
47 8 20 44 
46 0 16 45 

45 20 46 
23 47 
25 48 
26 49 

1 1 38 10 h= lo l=k 
1 2 2 39 

~ 2 4 5 40 

2 6 8 41 I 55 
3 9 14 42 ****************** 

3 12 20 43 
4 16 30 44 
4 20 40 45 

55 0 16 46 46 
54 9 19 51 47 
53 8 22 60 48 
52 7 23 66 49 
51 6 24 75 50 

50 5 79 51 
49 4 85 52 
48 3 84 53 
47 2 84 54 
46 120 55 

n m 10 9 

****************************************** 
h=9 

I thank Professor D. H. Lehmer for his kindness III going through this paper before it was 
submitted for publication. 

(Paper 73B4-312) 

350 



JOURNAL OF RESEARCH of the National Bureau of Standards - B. Mathematical Sciences 
Vol. 73B, No.4, October-December 1969 

Publications of the National Bureau of Standards * 

Selected Abstracts 

Haber , S. , Osgood, C. F. , On a theorem of Piatetsky·Shapiro 
and approximation of multiple integrals, Math. Comput. 23, 
No. 105, 165- 168 (jan. 1969). 

Key words: Banach·Steinhaus theorem ; fourier series; multiple 
integrals; numerical analysis ; number theory; periodic functions; 
quadrature. 

Quadrature formul as are derived for ce rtain classes of functions 
of several variab les having absolutely converge nt Fourier Series. 
A limita tion on formula s of the type considered is prove n. 

New man, M., Maximal normal subg.·oups of the modula.· 
group, Proc. A m. Math. Soc. 19, No . 5, 1138-1144 (Oct . 1968). 

Ke y words : Lin ear fractional groups; maximal normal subgroups; 
simple groups. 

The principal results of thi s paper are : (1) The mod ul ar group 
r cont.ain s infinitely many max im al norm al subgroups of finite 
index which are not congruence groups, and (2) any ele ment of 
LF(2, q) oth er than ± ! may be writte n as the product of an ele ment 
of period 2 and a n element of period 3, provided tha t p > 3, wh ere 
q = p" . 

Olver, F. W. J ., Eno.· bounds Cor the Laplace app.·oximation 
COl· definite integrals, }. Approx. Theory 1, 293-313 (1968). 

Key words: Asy mptoti c ex pansions; Bessel fun ctions; definit e 
integrals; er ro r bounds; gamma fun ction; La pl ace approx imation. 

Exp licit error bounds are ob tained for the we ll ·known asymptotic 
expansion of integral s of the form 

fbe- x)J(X) q (x) dx 

" 
in which A is a large posItive parameter, p(x) a nd q (x) a re real 
differentiable fun ctions, and p ' (x) has a simpl e zero in t.h e finite 
or infinite range [a , b]. The bounds are expressed in terms of the 
supre mum of a certain fun ction take n over [a , b] , and are asymp· 
toti c to the absolute value of the first neglected term in the expansion 
as A --> 00. Several illu strative examples are given, including modified 
Bessel fun ctions and the gamma fun ction. 

Other NBS Publications 

J. Res. Nat. Bur. Stand. (U.S.), 73A (phys. and Chern.) No.5, 
451-561 (Sept.-Oct. 1969), '$1.50. 

Conversion of existing calorimetrically determined thermodynamic 
properties to the basis of the International Practi cal Temperature 
Scale of 1968. T. B. Douglas. 

Measured enthalpy and derived thermodynamic properties of alpha 
beryllium nitride, Be3 N2 , from 273 to 1200 K. T. B. Douglas and 
w. H. Payne. 

Measured enthalpy and derived the rmodynamic prope rties of so lid 
and liquid lithium tetrafluorobe ryllate, Li2Bef4, from 273 to 900 
K. T. B. Douglas and W. H. Payne. 

Nonanalytic vapor pressure equation with data for nitrogen and 
oxygen. R. D. Goodwin. 

Some precise measurements of the vapor pressure of water in the 
range from 25 to 100 °C. H. F. Stimson. 

The configurations (3d+4s)"4p in neutral ato ms of calcium , 
scandium, and titanium. C. Roth. 

Absolute isotopic abundance ratio and atom ic weight of te rres trial 
rubidium. E. J. Catanzaro, T. J. Murphy, E. L. Garn er, and W. R. 
Shields. 

J. Res. Nat. Bur. Stand. (U.S.), 73C (Eng. and Instr.) Nos. 
1 & 2,1-46 (Jan.-June 1969), $1.25. 

An interferometer for measuring gradients in both refractive index 
and thickness of large or small optics. J . B. Saunders. 

A Ke rr electro·optical technique for observation and analysis of 
high·inte nsity electri c fi e lds. Esthe r C. Cassidy a nd Harold N. 
Cones. 

S tude nt-t deviate corres ponding to a given norm al de viate. Brian 
L. Joi ner. 

A heat loss compensa ted ca lorimeter and related theorems. Steve 
R. Dome n. 

Laboratory meas ure me nts of air cav ity te mperature in a passenger 
ca r tire. B. G. Simso n and J. Mande l. 

Bortn er , M. H. , A revi e w of ra te cons t.ants of se lected reactions of 
interes t in re-entry fl ow fi e lds in the a t.mosp here, Na t. Bur. 
S ta nd . (U.S.), Tech. Note 484, 62 pages (May 1969),60 cents. 

Bul li s, W. M. , Editor, Me thods of meas ure me nt for se mi condu ctor 
mate ri a ls, l)rOCeSS control, and de vices. Quarterl y repo rt Janu ary 1 
to Marc h 31, 1969, Na t. Bur. Sta nd. (U.S.), Tech. Note 488, 
44 pages (July 1969), 50 cents. 

Ca rte r, R. S. , Rush, J. J ., Ed itors, Mo lecul ar dy na mics and structure 
of solids. Proceedin gs of 2nd Mate ri a l Researc h Symposium 
held a t the National Bureau of St.a ndards, Gaithersburg, Md. , 

Oct. 16-19, 1967, Nat. Bur. S tand. (U .S.) , S pec. Publ. 301 , 571 
pages (June 1969), $4.00. 

Diamond , J. J ., Editor , Bibliogra ph y on the high te mperatu re c he m­
is try a nd physics of material s, Ja nua ry, February , March 1969, 
Nat. Bur. Sta nd . (U.S.), S pec. Pub!. 315--1, 81 pages (Apr. 1969), 
75 cent s. 

Fra nk li n, J. L. , Dillard , J. G. , Rosenstoc k, H. M. , Herron, J. T ., 
Orax l, K. , Field , F., H. , Ionization pote ntia ls, appearance poten­
ti als, and heats of formation of gaseous pos itive ions, Nat. S tand. 
Ref. Data. Ser. , Na t. Bur. S ta nd . (U.S.), 26, 289 pages (June 1969), 
$4.00. 

Koeser, R. L. , Editor, Report of the 53d National Confere nce on 
Weights and Measures , 1969, Nat. Bur. Stand. (U .S .), Spec. 
Pub!. 311 , 182 pages (Mar. 1969), $1.25. 

LaFleur, P. D. Editor , Activation Analysis Section : Summary of 
activit ies July 1967 to June 1968, Nat. Bur. Stand. (U .S.), Tech. 
Note 458, 109 pages (Mar. 1969), $1.00. 

Lee, R. D. , Construction and operation of a simple high-precis ion 
copper-point blackbody and furnace, Nat. Bur. S ta nd . (U.S.) , 
Tech. Note 483 , 16 pages (May 1969),30 cents. 

Little, 1. L. , Some evolving conventions and s ta ndard s for characte r 
information coded in six , seven , and e ight bit s, Nat. Bur. Stand. 
(U.S.), Tech. Note 478, 30 pages (May 1969),35 cents. 

Mason , H. L. , Editor, Making valuable meas ure ments. Proceedings 
of the 1968 Standards Laboratory Co nfe rence, Na t. Bur. S tand. 
(U. S.), S pec. Pub!. 313, 177 pages (May 1969), $1.50. 

Moore, C. E ., Bibl iograph y on the analyses of optical a tomic spec tra. 
Section 3. 42Mo·57 La , and 72 Hf_S9 Ac, at. Bur. Stand . (U .S.), 
Spec. Pub!. 306-3 , 37 pages (May 1969), 50 cents. 

New man , N., Conside rations in computin g the useful freque ncy 
range of piezoelec tri c acceleromete rs, Na t. Bur. S ta nd . (U.S .), 
Tech. Nolt~ 487 , 20 pages (July 1969), 30 cents. 

351 



Oberholtzer, B. L. , Publications of the National Bureau of Standards 
1966-1967, Nat. Bur. Stand . (U.S.), S pec. Publ. 305, 220 pages. 
(A pr. 1969), $2.00. 

Rapial, A. S., Daney, D. E., Preparation and characterization of 
s lush hydrogen and nitrogen gels, Nat. Bur. Stand. (U.S.), Tech. 
Note 378, 43 pages (May 1969), 50 cents. 

Roberts, B. W., Superco ndu ctive materials and some of their 
properties, Nat. Bur. Stand. (U.S.) , T ec h. Note 482, 129 pages 
(May 1969), $1.25 Supersedes and extends Tech. Note 408. 

Robinson, D. c., Misalinement detector for axial loading fa tigue 
machines, Nat. Bur. Stand. (U.S.), T ech. Note 480, 15 pages 
(Apr. 1969), 25 cents. 

Sindt, C. F ., Ludtke, P . R., Daney, D. E. , Slush hydrogen Auid 
characterization and instrumentation, Na t. Bur. S tand. (U.S.), 
Tech. Note 377, 69 pages (Feb. 1969),65 cent s. 

Stabler , T. M., Editor, Specifications and tole rances for reference 
standards and field standard weight s a nd measures. 1. Specifica· 
tions and tole rances for fi eld standard weights, Nat. Bur. Stand. 
(U. S.), Handb. 105-1, 10 pages (A pr. 1969), 25 cents. 

Taggart , H. E., Workman, J . L. , Calibration principles and pro· 
cedures for fi eld strength mete rs 30 (Hz to 1 GHz), Nat. Bur. 
Stand. (U.S.), Tech. Note 370, 157 pages (Mar. 1969), $1.25. 

Wachtman , J. B. , Jr., Editor, Mechanical and thermal properties of 
ceramics. Proceedings of a symposium Gaithersburg, Md. , April 
1- 2, 1968, Nat. Bur. Stand. (U.S.), Spec. Publ. 303, 266 pages 
(May 1969), $4.25. 

W acker , P . F ., Cord , M.S., Burkhard , D. G., P etersen, J . D., Kukol, 
R. F., Microwave spectral tables. Polyatomic molecules with 
inte rnal rotation, Nat. Bur. S tand. (U.S.), Mono. 70, Volume HI, 
275 pages (June 1969), $4.25. 

Wh ite, H. S., Jr. , Editor, Im plementation of the code for information 
inte rchange and related media standa rds. Hardware standards 
interchange codes and media, Nat. Bur. S tand. (U.S.), Fed. Info. 
Process. Stand. Publ. (FIPS Pub.) 7, 12 pages (Mar. 7, 1969), 
25 cents. (S upple ment to FIPS Pub. 1 through 3). 

Acquista, N., Abramowitz , S., Lide, D. R. , Structure of the alka li 
hydroxides. II . The infrared spectra of ma trix isolated CsOH and 
CsOD, J. Chem. Ph ys. 49, No.2, 780-782 (July 15, 1968). 

Ah earn , A. J. , Paulsen, P. J. , Workshop on mass spectrometric 
analys is of solids at the National Bureau of Standards in Gaithers· 
burg, Md ., Nov. 18 and 19, 1968, Anal. Chern . 41, No. 2, 79A- 81 A 
(Feb. 1969). 

Amano, T. , Saito,S., Hi rota, E., Morino, Y., Johnson, D. R. , Powell , 
F . X. , Microwave spectru m of the CIO radical, J . Mol. Spectry. 
30, No. 2, 275-289 (May 1969). 

Anderson, H. J ., Brenner, A., Preparation of rhenium hexa Auoro· 
acetylacetonate, J. Electroche m. Soc. 116, No. 4 , 513 (Apr. 1969). 

Arenhovel, H., Danos, M. , Baryon resona nces in nuclei: Magnetic 
moment anomaly in 3H and 3He, Ph ys ics Letters 288, No.5, 
299-301 (Dec. 23, 1968). 

Arp , V. D. , Kasen, M. B. , Reed, R. P ., Magnetic energy storage and 
cryogenic aluminum amgnets, Tech. Rept. AFAPL-TR-68-87 , 
122 pages (Air Force Systems Command , Wright· Patterson Air 
Force Base, Ohio, Feb. 1969). 

Ausloos, P. , Rebbert , R. E. , Li as, S. G., Gas·phase photol ysis of 
cyclohexane in the photoionization region, J . Phys. Chem. 72, 
No. 11, 3904-391 4 (Oct. 1968). 

Beatty, R. W., Discussion of e ffec t of realizability conditions upon 
estimated limits of mi smatch e rror in the calibration of fil\.e.rl 
attenuators, IEEE Trans. Microwave Theory Tech. MTf-16, 
No. 11 , 976 (Nov. 1968). 

Bennett, H. S., Diffuse and propagating modes in the Heise nberg 
paramagnet, Phys. Rev. 174, No.2, 629-639 (Oct. 10, 1968). 

Bennett, H. S., Phenomenology of neut ro n scattering in Heisenberg 
systems, Phys. Rev. 176, No.2 , 650-654 (Dec. 10, 1968). 

Berger, M. J. , Seltzer, S. M. , Chappell , S. E., Humphreys, J. c., 
Motz, J. W., Response of silicon detectors to monoenergetic 
electron s with energies between 0.15 and 5.0 MeV, Nucl. Instr. 
Methods 69 , No.2, 181- 193 (Apr. 1969). 

Berm an, H. A., West, E. D., Heat capacity of liquid nitromethane 
from 35 0 to 2000 C, J. Chem. Eng. Data 14, No. 1, 107-109 (J an. 
1969). 

Birmingham, B. W., Flynn , T. M., National programs and the com· 
pressed gas indu stry, (Proc. 55th Annual Meeting of the Com· 

pressed Gas Association, New York City, N. Y. , J an. 1968), Cha pte r 
in The Future of the Compressed Gas Industry, pp. 39-49 (Com· 
pressed Gas Assoc. Inc., New York , NS ., 1969). 

Blanford , J. M., Bensing, P . L. , Boo k, Testing Programs for the 
Apparel Indu stry. Evaluation of Mate rial and Components, Part I , 
31 pages (Oc t. 1, 1968); P art II , 222 pages (A pparel Research 
Foundation, Inc. , Washingtn , D. C., Oct. 1, 1968). 

Boutillon, M., Henry, W. H. , La mperti , P . .1. , Comparison of ex pos ure 
standards in the 1(}-50 kV X· ray region, Metrologia 5, No. 1, 
1- 11 (J an. 1969). 

Bowen, R. L. , Clee k, G. W. , X· ray·o paque reinforcing fill e rs for 
composite materia ls, J. Dent al Res. 48, No.1 , 79-82 (Jan.-Feb. 
1969). 

Bowen, R. L. , Mullineau x, A. L. , Adhes ive res torative materials, 
Dental Abstr. 14, No. 80, 80-82 (Feb. 1969). 

Branscomb , L. M., Joint Institute for Laboratory Astrophysics of 
the National Bu reau of Standards and the University of Colorado , 
Boulder, Colorado, observatory report, Bull. Am. As tron. Soc. 1, 
No.1 , 27-33 (J an. 1969). 

Broadhurst, M. G., The dielec tric properties of leaves, sti cks, and 
dirt at radio and microwave frequ encies, Proc. 1968 Annual 
Report Conf. Electrical Insulation and Dielectric Phenomena, 
Oct. 21-23, 1968, Bu ck Hill Fa ll s, Pa., pp. 146-152 (Natl. Acad. 
Sci.·Natl. Res. Council , Was hington, D.C., 1969). 

Brown , P . J. , Human factors research in motor vehicle occupant 
restraint syste ms, IEEE Trans. Man·Machine Systems MMS- 9, 
No.3, 88-89 (Se pt. 1969). 

Bur, A. J.. Roberts, D. E. , Rodlike and random coil behavior of 
poly(n·butyl isocyanate) in dilute solution, Proc. 1968 Annual 
Report Conf. El ectrical Insula tion and Dielectric Pheonomena , 
Oct. 21-23, 1968, Bu ck Hill Falls, Pa., pp. 17-21 (Natl. Acad. 
Sci. ·Natl. Res. Council, Washington, D.C., 1969). 

Ca mpbell , W. H., Aurora, Encyclopedi a of Atmospheric Sciences 
and As trogeology, R. W. Fa irbridge, Ed., pp. 105-106 (Reinhold 
Publ. Co., New York , N.Y., 1967). 

Case lla, R. c., Time reve rsa l and the KO meso n decays. II , Ph ys. 
Rev. Le tters 22 , No. 11 ,554-556 (Ma r. 17,19691-

Cassidy, E. c., Cones, H. N., Wunsch, D. c., Booker, S. R. , Calibra· 
tion of a Kerr ce ll system for high·voltage pulse measurements, 

IEEE Trans. Instr. Meas. IM- l 7, No.4, 313-320 (Dec. 1968). 
Christ, B. W., Giles, P . M. , On the detection of retained austenite in 

high-carbon steels by Fe5' Miissbauer spec troscopy, with ap­
pendix , Trans. Met. Soc. AIME 242, 1915-1925 (Sept. 1968). 

Cla rk , A. F., Fickett, F. R., A nonsuperconducting detec tion sys tem, 
for low level dc voltages, Rev. Sci. Instr. 40 , No.3, 465-468 (Mar. 
1969). 
Clark , H. E. , Young, R. D., Field emission through single strontium 

atoms adsorbed on a tungsten surface, Surfac Sci. 12, 385-389 
(1968). 

Cole, A. R. H., Laffert y, W. J. , Thibault , R. J. , Rotation fine structure 
of the perpendicular band , v" of ethane, J. Mol. Spectry. 29, No. 

3,365-374 (Mar. 1969). 
Coleman , J . A., Love, D. P ., Trainor, J. H., Williams, D. J. , Effects 

of damage by 0.8 MeV-5.0 MeV protons in silicon surface-barrier 
detectors, NASA Rept. No. x-611- 68- 221 , 38 pages (National 
Aeronautics and S pace Administration, Goddard Space Flight 
Center, Greenbelt , Md., June 1968). 

Cooper , M. J. , Point transformation of class ical hard-core potential, 
J. Math. Phys. 9, No.4, 571-578 (Apr. 1968). 

Cooper, M. J. , Green, M.S., Generalized scaling and the criti cal 
eigenvector in ideal Bose condensa tion, Phys. Rev. 176, No. 1, 
302-309 (Dec. 5, 1968). 

Coxon, B. , P . M. R. evidence for the conformations of 1,2-0-benzyli­
dene-a-n-glucofuranose derivati ves, Carbohydrate Res. 8, 125-
125- 1968). 

Cre itz , E. c., Construction detail s and measurements of response 
of a gas density balance, J. Chromatog. Sci. 7, 137- 144 (Mar. 
1969). 

Cutkosky, R. D., A varactor null detec tor for audio frequency 
capacitance bridges, IEEE Trans. lnstr. Meas. IM- 17, No. 4, 
232-238 (Dec. 1968). 

Czyz, W., Maximon, L. c., High energy, small angle elasti c scattering 
of strongly interacting composite particles, Ann . Phys. 52, No. 1, 
59-121 (Mar. 1969). 

Dav is, D. D., Okabe, H., Determination of bond dissociation energies 
in hydrogen cyanide. Cyanogen and cyaongen halides by the 
photo-dissociation method, J . Chern . Phys. 49, No. 12,5526-5531 
(Dec. 15, 1968). 

352 



Delaplane, R. G. , Ibe rs, J . A. , Fe rraro , J. R. , Rush, ]. ]. , Diffraction 
and spectroscopic studies of the cobaltic acid system HCoO,­
DCo02 , J. Chem. Ph ys. 50, No.5, 1920-1927 (Mar. 1, 1969). 

Deslattes; R. D., Paretzkin , 8. , A small set of re ference crystals 
elements and their co mpounds, Acta. Cryst. A25, Part 1, 89-93 
(J an. 1969). 
Des lattes, R. D., Paretzkin , B. , A sma ll se t of re ference crys tals 
for double-crystal topograph y, J. Appl. Cryst. 1, Pa rt 3, 176-178 
(Sept. 1968). 

Dibele r, V. H., Liston, S. K. , Mass-s pectrometric stud y of photo­
ionization , Xl. Hydrogen sulfide and sulfur diox ide , J. Che rn. 
Phys. 49, No.2 , 482-485 (July 15, 1968). 

Dibele r, V. H., Walker, J . A., Mass spec trmetric stud y of photo­
ionization. XIII. Boron tri chloride and diboron te trachloride, 

Inorg. Che rn. 8, No.1 , 50-55 (jan. 1969). 
Drechsel, D. , Maximon , L. c., Potential model calcu lation for 

coplanar and noncoplanar proton-proton bre msstrahlung, Ann. 
Phys. 49, No.3, 403- 444 (Oct. 1968). 

Driver, L. D. , Arthur , M. G., A wideband RF voltmeter-co mparator, 
IEEE Tran s. In str. Meas. IM-I7 , No.2, 146- 150 (June 1968). 

Du ers t, R. W., Baum , S. ]. , Kokoszka , G. F. , Exchange coupling in 
two dim eric copper adenine complexes, Nature 222, 665- 666 
(May 17, 1969). 

Dunn , G. H. , Colliding beams , {proc. F irst Intern . Conf. Atomi c 
P hys ics, Jun e 3-7, 1968, New York , N.Y.), Chapter in Atomi c 
Ph ys ics, B. Bederson, V. W. Cohen, F. M. J. Pichan ich, Ed. , 
pp. 417- 433 (Plenum Press Inc., Ne w York , N.Y., 1969). 

Ede lm an, S., Roth , S., Gri sham , L. , Elec trical generat ion of motion in 
e las tomers, S hock and Vibration Bull. 39, Part 2, 18 pages (Shoc k 
a nd Vibration Information Cen te r, Naval Research Laboratory , 
Washington, D. C., Feb. 1969). 

Edmond s, J. , Matroid pa rtition, Chap ter in Mathema ti cs of th e 
Dec ision Sciences, Am erican Math ematical Society Lec tures in 
Appli ed Mathe ma tics 11 , 335-345 (America n Math emat ica l 
Soc iet y, Prov id ence, R.I. , 1968). 

Ehrli ch, M. , Influ ence of irradiati on ra te on the production of F 
centers in LiF (TLD grade), J . Appl. Phy . 40 , No.2, 891- 892 
(Feb. 1969). 

Ehrlich, M. , Pe r ona l dos im etry: methods oth er than T .L. D., Proc. 
Firs t Intern . Congress Radiation Protection, Rome, Ita ly, Se pt. 
5-10, 1966, Part 1, pp. 69- 76 (Pe rga mon Press In c. , New York , 
N. Y., 1968). 

Ehrli ch, M., Lampert i, P. J ., Uniformity of high-energy e lect ron-bea m 
calibrations, Ph ys_ Me d. BioI. 14, No.2, 305-314 (Sept. 1968). 

Eic k, J. D., Hegdahl , T. , Segrega ti on in denta l gold cas tin g alloys, 
J . Denta l Res. 47, No.6, Part 2, 1118- 1127 (Nov.-Dec. 1968). 

Eic ke , W. G., The zener diode, a work ing D-C voltage s tandard , 
1968 IEEE Inte rn. Co nvention Diges t, page 71 (Mar. 1968). 

Enemark, E. A., Ga llaghe r, A. , A poc kels ce ll light modul ator for 
wide angle radi ation, Re v. Sci. [n str. 40 , No. 1, 40-41 (Jan. 1969). 

Engen, G. F., A method of dete rmining the mismatch correc tion in 
mi c rowave power measurements, IEEE Tran s. Instr. Meas. 
IM-I 7, No.4, 392-395 (Dec. 1968). 

En sign, T. C., Chang, T. T. , Low tempe rature optical-EPR sa mple 
probe using tunabl e coaxial couplin g, Rev. Sci. Instr. 40, No.2, 
!268- 270 (Feb. 1969)_ 

Ernst , M. H. , Transport coefficients from time correlation [un ctions, 
Lectures Th eoret. Phys. IX C-Kinetic Theory , 417-441 (Gordon 
and Breach, Science Publ. Inc., New York , N.Y. , 1967). 

Farra r, T. c., Johannesen, R. B., Coyle, T. D. , Magnetic nonequiv­
alence in the high-resolution NMR spectra of diborane, J. Chem. 
Ph ys. 49, No.1, 281-285 (July 1, 1968). 

Fatiadi , A. J. , Evidence for a chair conformation of certain osotri­
azo les of inos itols, Chern. Ind. 19,617- 619 (May 10, 1969). 

Free man , D. H., Paulson, R. A. , Chemical microstandards from ion 
exc hange res in , Na ture 218,563 (1968). 

Frisch, R. c., Forman , R. A., Nuclear magnetic resonance of Ti in 
Ti-H syste ms, J. Chem. Phys. 48, No. 11 , 5187-5190 (June 1, 
1968). 

Gadsden, M. , Airglow, Encyclopedia of Atmospheric Sciences 
and Astrogeology, R. W. Fairbridge, Ed. , pp 8-10 (Reinhold Publ. 
Co., New York , N.Y., 1967). 

Gadsden, M., Airglow motions, Inte rnational Dictionary of Geo­
physics I , 50-56 (1967). 

Gallagher, A., Exc itation transfe r in nearly adiabati c thermal 
collisions, Phys. Rev. 179, No.1, 105-110 (Mar. 5, 1969). 

Gardne r, T. V. , Jr. , Dickson, G., Kumpula , J. W., Appli cation of 
diffraction gratings to meas urement of strain of dental materials , 
]. Dental Res_ 47, No.6, Part 2, 1104-1110 (Nov .- Dec. 1968). 

Garfinkel, S. B., Mann , W. B., A method for obtai ning la rge numbers 
of measured tim e interva ls in radioactive decay, Intern. J. Appl. 
Radiation Isotopes 19, No. 9, 707- 709 (Se llt. 1968). 

Gatterer , L. E. , Bottone, P . W., Morgan, A. H. , Worldwide clock 
synchronization us ing a synchronou s atellite, IEEE Trans. 
Instr. Meas. IM- 17 , No.4, 372-378 (Dec. 1968). 

Gautier , T. N., Zacharisen, D. H., Use of space and time correlations 
in short-term ionosph eric predic tions, Firs t Ann. IEEE Co mmun. 
Convention , pp. 671-676 (June 1965). 

Geltman, S. , Topics in atomic collision theory, 30, 247 pages (Aca­
demic Press Inc_, New York, N.Y., 1969). 

Ginnings, D. c., Introduc tion in Experimental Thermodynamics, 
]. P. McCullough and D. W. Scott, Ed. , Vol. I, Calorimetry of 
Non-reacting Systems, Chapt. 1, 1-13 (Butte rworth & Coo, 
London , England, 1968). 

Ginnings , D. C., Stimson , H. F., Calorimetry of saturated Auid s 
including determination of en thaI pies of vaporization, Chap te r 
in Expirmentai Thermodynamics , ]. P., McCullough and D. W. 
Scott, Ed _, Vol. I, Calorimetry of Non-reacting Systems, Chapt. 11 , 
395-420 (Butterworth & Co., London, England, 1968). 

Ginnings, D. c., West, E . D., Principles of calorimetri c des ign, 
Chapter in Experim ental Thermodynamics, J . P ., McC ullough 
and D. W. Scott, Ed. , Vo l I , Calorimetry of Non-reactin g Systems, 
Chapt. 4, 85- 131 (Butterworth & Co., London, England , 1968). 

Glasgow, A. R. , Jr. , Ross, G. S., Cryoscopy, Chap ter 88 in Treat ise 
on Analyti cal Chemi stry, Part I, Theo ry and Practice, L M. 
Kolthoff, P . J. Elving, E. B. Sandell , Ed. , 8, 4991-5083 (Tnter­
sc ience Publ., New York , N. Y., 1968). 

Golub , S., Ste iner, B., Photode tachment of [OH(H2 0)] - , J. Chern. 
Phy . 49 , No. 11, 5191-5192 (Dec. 1, 1968). 

Grabn er, L. , Photoluminescence in SrTi03 , Ph ys . Rev. 177, No.3 , 
1315-1323 (Jan. 15, 1969). 

Hanley, H. J. M., Childs, G. E., Inte rim va lues for the viscosity and 
thermal co nductivity coeffi cients of fiuid He' be twee n 2 and 50 
K, Cryogenics 9, No.2, 106-111 (A pr. 1969)_ 

Hanley, H. J . M. , McCarty , R. D. , Senge rs, J. , V. , Density de pendence 
of expe rimental transport coeffic ients of gases, J . Che rn . Ph ys. 
50, No.2, 857-870 (jan . ]5, 1969). 

Hard y, S. c., Coriell , S. R. , Morphological s tability and the ice­
wa te r interfac ial free energy, J. Crys tal Growth 3, No. 4, 569-573 
(1968). 

Harri s, W. P. , Roberts, D. E., New standard reference die lectric 
specim ens at NBS , Proc. 1968 Annual Report Co nf. Electrical 
In sulation and Dielec tric Phenomena, Oct. 21-23, 1968, Bu ck Hill 
Fa ll s, P a. , pp. 80-84 (Natl. Acad. Sci.- all. Res. Council , Wash­
ington, DC. 1969). 

Hartm an, W. ]. , Feasibility of communi cation with a satellite by 
means of tropospheric scaller, IEEE Trans. Co mmun. Technol. 
COM-l4, No.3, 251 (June 1966). 

Heinri ch, K. F. J ., Common sources of erro r in e lec tron probe 
micro-analysis , Advan. X-ray Anal. II, 40-55 (1968). 

Henderson, M. M. , Introductory remarks and summary of discus­
sion for symposium on criti cal reviews, J . Chem. Doc. 8, 231 
and 245 (Nov. 1968). 

Herron , ]. T. , Penzhorn , R. D. , Mass spectrometric study of the 
reac tions of atomic oxygen with ethylene and form ald ehyde, 
]. Phys. Chern. 73, No. 1, 191-196 (Jan. 1969). 

Hoover, T. 8. , The N-methylpropionamide-water system. Dens i­
ties and dielectric constants at 20-40°, J . Phys_ Chem. 73, 
No.1, 57-61 (jan. 1969). 

Hiza, M. J. , Duncan , A. G., A simple gas recirculation pump for 
low Aow and high pressure application s, Rev. Sci. In str. 40, 
No.3, 513-514 (Mar. 1969). I 

Hubbell , J. H. , Berge r, M. ]. , Photon a tte nuation. Allenuation 
coefficients, energy absorption coeffi cients, and related qu anti ­
ties, Chapter 4 in Engineering Compendium on Radiation Shield­
ing, R. G. Jaeger, E. P. Blizard , A. B. Chilton, M. Grotenhui s, 
A. Honig, T_ A. Jaege r, H_ Eisenlohr, Eds. 1, 167-202 (Inte r­
national Atomic Energy Agency, Vienna, Austria , 1968). 

Hudson, R. P., The delta campaign. An account of the controversy 
surrounding the tempera ture scale for CMN , Cryogenics 9, 
No.2 , 76-79 (Apr. 1969). 

Hummer, D. G., Rybicki , G. B. , Line form ation in differentially 
moving media with te mperature gradients, Proc. Natl. Center 
for Atmospheric Research ConL Resonan ce Lines in Astrophys ics, 

353 



Sept. 9-12 , 1968, Boulder, Colo., pp. 315-330 (National Center 
for Atmospheric Research, Boulder, Colo. , Dec. 1968). 

Ito , ]. , J ohnson, H., Synthesis and study of yttrialite , Am. Min­
eralogist 53, 1940-1952 (1968)_ 

Ives, ]. M_, Hughes, E. E., Taylor , J. K., Absolute determination of 
low concentrations of oxygen in inert gases by means of galvanic 
cells, Anal. Chem. 40, No. 12, 1853--1856 (Oct. 1968). 

Judd, D. B., 1964 CIE Supplementary observer applied to the 
colorimetry of rutile and anatase forms of titanium dioxide, 
]. Opt. Soc_ Am. 58, No. 12, 163&-1649 (Dec. 1968). 

Kamper, R. A., Cryoelectronics, Cryogenics 9, No.1 , 20-25 (Feb. 
1969). 

Kaufman, V., Radziemski, L. J. , Redetermined level values and 
interaction parameters of S I and CIII ground configura tions, 
J. Opt. Soc. Am. 59, No.2, 227-228 (Feb. 1969). 

Keller, R. A., Excited triplet -> singlet intersystem crossing, Chem. 
Phys. Letters 3, No.1 , 27-29 (jan. 1969). 

King, R. J. , Maley, S. W., Wait,]. R. , Experimental and theoretical 
studies of propagation of ground waves across mixed paths (Proc. 
URSI Symp. Electromagnetic Wave Theory, Delft, Holland , 
Sept. 1965), Chapter in Electromagnetic Wave Theory, ]' Brown, 
Ed. , pp. 217-224 (Pergamon Press , Inc., New York, N.Y. , 1965). 

Klose, J. Z. , Experimental lifet imes of the 5p levels in argon 1, 
J. Opt. Soc_ Am. 58, No. 11,1509-1512 (Nov_ 1968). 

Koonce, C. S., Cohen , M. L., Theory of superconducting semi­
conductors and semimetals, Phys. Rev. 177, No.2 , 707-719 
(Jan_ 10, 1969). 

Kraft, R., An unusual mixed initial boundary problem in two inde­
pendent variables, J. Math. Anal. App!. 25, No.2 , 233--249 
(Feb. 1969). 

Kropschot , R. H. , Report on the fourteenth cryogenic engineering 
conference, Cryogenics 8, No.6, 346-348 (Dec. 1968). 

Lafferty, W. ]. , Maki, A. G., Pringle, W. c., Jr. , Commen ts on "Two 
rotational lines of allene G.lL", J. Chem. Phys. 50, No.1 , 564--
565 (jan. I , 1969). 

Lance, H. W. , Metrology and Nat ion al goals (Proc. 22nd ISA Conf. 
and Exhibit, Chicago , Ill. , Sept. 11- 14, 1967) ISA Preprint No. 
M4--1-MESTIND-67, 1- 14 (1967); exce rpt in Meas. Data 2, 
No.2 , 68-71 (Mar.-Apr. 1968). 

Lang, S. B., Shaw, S. A., Rice, L. H., Timmerhaus , K_ D., Pyro­
electric thermometer for use at low temperatures, Rev. Sci. 
In str. 40, No.2 , 274--284 (Feb. 1969). 

Lashof, T. W. , Standardization and application of accuracy and 
precision statements: T APP] Standards Committee-ASTM 
Co mmittee D-6 policy, Tappi 4, 732-739 (Apr. 1969). 

Latanision, R_ M. , Staehle, R. W. , Plastic deformation of electro­
chemically polarized nickel single crystals, Acta Met. 17,307-319 
(Mar. 1969). 

Lee, T. G_, A system for continuously monitoring hydrogen chloride 
concentrations in gaseous mixtures using a chloride ion-selec­
tive electrode , Ana!. Chem. 41 , 391-392 (Feb. 1969). 

Levin , E_ M., X-ray determination of the thermal expansion of 
silver nitrate , ]. Am. Ceramic Soc_ 52, No.1, 53-54 (Jan. 1969). 

Linzer, M., Line parameters of Lorentzian curves containing arbi­
trary mixtures of absorption and dispersion, ]. Appl. Phys. 40, 
No. 1, 372-376 (Jan. 1969). 

Lloyd , E. C. , Standards for improved measurement of pressure and 
vacuum (Proc_ 4th Intern. Measurement Conf., Warsaw, Poland, 
July 2-7, 1967), Acta Imeko, pp. 451-468 (Hungarian Academy 
of Sciences, Budapes t, Hungary, 1967). 

Lloyd, E. c., Beckett, C. W., Boyd, F . R., Jr. , Measurements in 
high-pressure environment, Science 164,860-861 (May 16, 1969). 

Lutz, G_ J -, Calculation of sensitivities in photon activation analysis , 
Anal. Chem. 41, No.3 , 424--427 (Mar. 1969)_ 

Mclntyre, D. , Sengers , ]. V., Study of fluids by light scattering, 
Chapter 11 in Physics of Simple Liquids , H. N. V. Temperley, 
]. S. Rowlinson, G. S. Rushbrooke, Eds., pp. 449-505 (North 
Holland Pub!. Co. , Amsterdam, The Nethe rlands, 1968). 

McK;nley, J. D., Jr., Mass spectrometric investigation of the surface 
reaction of tungsten with chlorine-oxygen mixtures , (proc. 6th 
Intern. Symp. Reactivity of Solids , Schenectady, N.Y., Aug. 25-30, 
1968), Chapter in Reactivity of Solids, J. W. Mitchell , R. C. 
DeVries, R. W. Roberts, and P. Cannon, Eds., pp 345-351 (John 
Wiley & Sons, Inc., New York, N.Y. , 1969). 

Madden, R. P., Ederer, D. L., Codling, K., Resonances in the photo­
ionization continuum of Ar I (20--150 eV), Phys. Rev. 177, No. 
1, 136-151 (Jan. 5,1969). 

Maki, A. G., Comment on the fermi resonance constant in ICN, J. 
Chem. Phys. 50, No.5 , 2273 (Mar. 1,1%9). 

Marinenko, G., Taylor, J. K., Electrochemical equiva lents of benzoic 
and oxalic acid, Anal. Chem. 40, No. 11 ,1645-1651 (Sept. 1968). 

Matsumura, C. , Lide, D. R. , Jr., Stru cture of th e alkali hyd roxides. 
III. Microwave spectra of RbOH and RbOD, J. Chem. Phys. 50 , 

No.1, 71-75 (Jan. 1, 1969). 
Mighell , A. D., Reimann, C. W. , Mauer, F. A., The crystal and mole­

cular struc ture of diaquobis-(2,2' -biimidazole)nickel(ll) dinitrate, 
Ni(C6 H6N,},(H,Oh(N03 j.", Acta Cryst. 825, Part 1, 61-66 (Jan. 
1969). 

Mighell , A. D. , Reimann, C. W., Santoro, A., The crys tal and molecu­
lar structure of dibromotetrapyrazolenickel (II), Ni (C3H,N,),Br" 
Acta Cryst. 825, Part 3, 595-599 (Mar. 1969). 

Mills, R_ M., Flame inhibition with electron attachment as the first 
step, Combu st ion and Flame 12, No.2, 513-520 (Dec. 1968). 

Moore, C. E., Annual report on spectroscopy, Bull. Am. Astron. 
Soc. 1, No. 1, 85-86 (Jan. 1969). 

Mopsik, F. 1. , Dielectric properties of slightl y polar organic liquids 
as a function of pressure, volume, and temperature, J. Chem. Phys. 
50, No.6, 2559-2569 (Mar. 15 , 1969). 

Norton , R. B. , Aeronom y, Encyclopedia of Atmospheric Sciences and 
Astrogeology, R. W. Fairbridge, Ed., pp. 3-7 (Reinhold Publ. 
Co., New York , N.Y., 1967). 

O'Reilly, D. E., Tsang, T., Order-disorder transition in ferroelectric 
ammon ium su lfate, J. Chem. Phys. Letter to Editor 50, No.5, 
2274--2275 (Mar. 1,1969). 

Paabo, M., Bates , R. G., Standards for a practical scale of pD in 
heavy water, Anal. Chem. 41, No.2, 283-285 (Feb. 1969). 

Plummer, E. W., Gadzuk , J . W. , Young, R. D. , Resonance tunneling 
of field emitted electrons through adsorbates on metal surfaces , 
Solid State Commun. 7,487-491 (1969). 

Pool , K. H., Bates, R. G., Thermodynamics of hydrochloric acid 
in 95 volume percent (92.41 mass percent) ethanol from e.mJ. 
measurements at 5 to .SO °C , J. Chem. Thermodynamics 1, 21-29 
(1969). 

Powell, R. L., Cla rk , A. F_, Fickett , F. R., Longitudinal magneto­
resistance of pure copper (Proc. Conf. Electron Mean Free 
Path s in Metals , Zurich, Switze rland , Sept. 3-5 , 1968), Phys. 
kondens. Materie 9, 104--112 (Lange and Springer, Berlin , West 
Germany, 1969). 

Quindry, T. L., Tran smi ssibility measurements for the determination 
of structural damping (Proc. Vibrations Conf., Philadelphia, Pa., 
Mar. 30-Apr. 2, 1969), Preprint No. 69-VlBR-36 , 7 pages 
(American Society of Mechanica l Engineers , New York, N.Y., 
1969). 

Re bbert , R_ E. , Aus loos, P., The photolysis of methane at 584"\ , J. 
Am. Chem. Soc_ 90, 7370-7371 (1968). 

Risley , E. W. , Discontinuity capacitance of a coaxial line terminated 
in a circular waveguide , IEEE Trans. Microwave Theory and 
Tech_ MTI-17, No.2, 86-92 (Fe b. 1969). 

Roach , F. E. , Diffuse galactic light, Chapter in Modern Astro­
physics: A Memorial to Otto Struve, M. Hack, Ed., pp. 49-66 
(Gordon and Breach, New York, N. Y. , 1967). 

Roach , F. E. , The brightness of the zodical light at the ecliptic pole 
(Proc. Symp: Meteor Orbits and Dust, Cambridge , Mass. , Aug. 
9-19, 1965), Smithson ian Contributions to Astrophysics , F. L. 
Whipple, Ed., 11, 225-226 (Smi thsonian Institution Astrophysics 
Observatory, Cambridge , Mass. , 1967). 

Ryan, J. V., Flammable fabrics act and its implementation, Mod. 
Textiles Mag. L, No.3, 67-70 (Mar. 1969)_ 

Sanderson, B_ T. , Romanoff, M., Performance of commercially pure 
titanium in corrosive soil s, Mater. Production 8, No. 4, 29-32 
(Apr. 1969). 

Sarachman, T. N. , Microwave spectrum of cis-2-butene , J. Chem. 
Phys. 49, No.7, 3146-3149 (Oct. 1, 1968). 

Scala, A. A., Ausloos, P. , Gas-phase photolysis and radiolysis of 
cyclopropane, J. Chem. Phys. 49, No.5 , 2282-2290 (Sept. 1, 
1968). 

Schafer, G. E. , Precision microwave measurements - today and 
tomorrow , Microwave J - 12, No.6, 25 (June 1969). 

Shah, J. A., Huber, M. G. , Danos , M., Separability of the nuclear 
residual two-body interaction , Physics Letters 28B, No_ 6, 
381-383 (Jan. 6, 1969). 

Shirk , J. S. , Bass , A. M. , Matrix-isolation spectra of discharge 
"sputtered" metals , ]. Chem_ Phys. 49, No_ 11, 5156-5160 
(Dec. 1, 1968)_ 

354 



Shirley, J. H., Dynamics of a simple maser model , Am. J. Phys. 36, 
Pa rt 1, No. 11 , 949-963 (Nov. 1968). 

Sieck, L. W. , Xenon.photosensitized decomposition of methane at 
1470 A, J. Chern . Ph ys. 50, No.4, 1748-1753 (Feb. 15, 1969). 

Smith , R. V., Current de velopments in cryomedicine, Cryogenics 9, 
No.2, 84-89 (A pr. 1969). 

Smith , R. V. , Review of heat transfer to helium I, Cryogenics 9, 
No. 1, 11- 19 (Feb. 1969). 

Smith , S. J ., Photode tachment , Chapter in Methods in Experi · 
mental Physics, Vol. 7, Atomic and Electron Physics, B. Beder· 
son and W. L. Fite, Eds., pp. 179-208 (Academic Press Inc., 
New York , N. Y. , 1968). 

Steiner, B. , Photodetachment of electrons from SH- , J. Chern . 
Phys. 49, No. 11, 5097-5104 (Dec. 1, 1968). 

Stephens, R. E., Sutton, L. E., Diffraction image of a point in the 
focal plane and several out·of·focus planes , J. Opt. Soc. Am . 58, 
No.7 , 1001- 1002 (July 1968). 

Stiehler, R. D. , Parks, E. J. , Linnig, F . J. , Stiffening of elas tometers 
by organic fill ers, Appl. Poly. Symp. No.7, 143--153 (1968). 

Swartzendruber, L. J ., Variable temperature Mossbauer effect 
spectrometer with prov ision for longitudinal external fi elds, 
Nucl. Instr. Methods 69, 101- 105 (1969). 

Swartzendruber, L. J ., Ulm er, F. H., Coleman, J. A. , Direct reading 
instrum ent for silico n and germanium four.probe res isti vi ty 
measurements, Re v. Sci. Instr. 39, No. 12, 1858-1863 (Dec. 1968). 

Tipson, R. S. , West, B. F ., Brady, R. F ., Acid·catalyzed hydrolys is 
of isopropylidene aceta ls of some 2·pentuloses and 2· hexuloses, 
Carbohydrate Res. 10, 181- 183 (1969). 

Trembath , C. L. , Wait, D. F., Engen, C. F. , Foote, W. J ., A low· 
temperature microwave noise stand ard , IEEE Trans , Microwave 
Theory Tech. MTT- 16 , No.9, 709-714 (Sept. 1968). 

Tsa!lg, T .J Sel f.con s i s t~ n [ · correlati o!1 fun ction approx im ation in 
ising ferromagnets , P hysica 42 , 1- 11 (1969). 

Tsang, T. , Farrar, 1. C., Nuclear magneti c relaxation studies of 
inte rnal rotations and phase transitions in borohydrides of lithium , 
sodium , and potass ium , J. Chern. P hys. 50, No. 8, 3498-3502 
(A pr. 15, 1969). 

Tsa ng, W., Thermal decomposition of 3,4·di methylpentene·l ,2,3 ,3· 
tri meth ylpentane, 3,3·di methylpentane , and isobutylbenzene 
in a single pulse shock tube, Intern . J. Che rn . Ki neti cs 1 , 245-278 
(1969). 

Wate rstrat, R. M. , Evaluation of a gallium·palladium·tin alloy for 
res torative dentis try, J . Am. Dental Assoc. 78 , No. 3 , 53ft-541 
(M ar. 1969). 

Weir , C. E. , Pi erm arini , C. J., Block, S., Crys ta llography of some 
high·pressure forms of C6 H6 , CS" Br" CC I4 , and KN03 , J. Chem. 
Phys. 50 , No. 5, 2089-2093 (Mar. 1, 1969). 

Weisman , l. D. , Swartzendruber, L. J., Bennett , L. H., Resona nce 
studi es in ferromagnetic Fe,B and Fe,Zr, Phys. Rev. 177 , No. 
2, 465-471 (J an. 10, 1969). 

Weiss, A. W., Series perturbations and atomic osc illa tor strengths : 
The'D series of A II , P hys. Rev. 178, No. 1, 82- 89 (Feb. 5, 1969). 

Weiss, B-Z., Meyerson, M. R., The effec t of mean stress on fatigue 
crack propagation in plates unde r extens ion and bend ing, J. Basic 
Eng., 90, Series D, No.3, 414-417 (Sept. 1968). 

Weissberg, S. C., Brown , J. E., Osmometry of polymers , Encyc lo· 
pedia of Polymer Science and T echnology 9 , 659-668 (inter­
science Pubi s., New York , N.Y., 1969). 

White, H. S., Jr. , Data management and standard iza tion, Mod. 
Data 2, No.5, 52- 56 (May 1969). 

Wiederhorn , S. M. , Fracture surface energy of glass, J. ,Am. Ceram ic 
Soc. 52, No. 2, 99- 105 (1969). 

Wiese, W. L., Systematic trend s of atomic oscillator strengt hs in 
isoelectro ni c sequences, App!. Opt. 7, No. 12 , 2361- 2366 (Dec. 
1968). 

Wim s, A. M., McIntyre, D. , Hynne, F. , Coexistence curve for 3-
meth ylpentane· nitroethane near the c ritica l poi nt, J. Chem. 
Ph ys. 50, No. 2, 616--620 (Jan. 15, 1969). 

Wolfga ng, R. , Za re, R. N., Bransco mb, L. M. , Chemica l accelera tors , 
Science 162 , No. 3855, 818- 822 (Nov. 15, 1968). 

' Publicatians fo r which a price is indicated are available by 
purch.ase f rom the Superintendent of Docnments , u.S. Government 
Printing Offu:e , Washington, D.C. 20402 iforeign postage, oneJonrth 
additional). The NBS non·periodical series are also available 
from the Clearinghou.se for Federal Scientific and Technical/nforma· 
tion, Sp ringfield, Va . 22151. Reprints from outside journals and the 
NBS J ournal of Research may ojien be obtained directly from th.e 
authors. 

355 


	jresv73Bn4p_329
	jresv73Bn4p_330
	jresv73Bn4p_331
	jresv73Bn4p_332
	jresv73Bn4p_333
	jresv73Bn4p_334
	jresv73Bn4p_335
	jresv73Bn4p_336
	jresv73Bn4p_337
	jresv73Bn4p_338
	jresv73Bn4p_339
	jresv73Bn4p_340
	jresv73Bn4p_341
	jresv73Bn4p_342
	jresv73Bn4p_343
	jresv73Bn4p_344
	jresv73Bn4p_345
	jresv73Bn4p_346
	jresv73Bn4p_347
	jresv73Bn4p_348
	jresv73Bn4p_349
	jresv73Bn4p_350
	jresv73Bn4p_351
	jresv73Bn4p_352
	jresv73Bn4p_353
	jresv73Bn4p_354
	jresv73Bn4p_355
	jresv73Bn4p_356

