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some of the equations used in computing the constants of triclinic
cells, although rather involved, can be readily handled by nomographs.
Given these nomographs one has a method of solving many triclinic cell
problems very quickly with an accuracy of a fraction of a degree. Two
types of problem are common. In the first type we are given the cell
edge ratios and angles and wish to make a gnomonic projection to help
in identifying a crystal that has been measured on an optical goniometer.
In the second type of problem we are given certain atomic plane spacings
and wish to compute the cell edges and angles and perhaps also to com-
pute other atomic plane spacings.

We will consider the first type of problem first. As an example let us
assume a crysta l  for  which a:b:c:0.900:1:0.800,  a:100o,  F:95o,
y:105o. The reciprocal angle chart, Fig. l gives us the reciprocal cell
angles: o*,0*, Tx. To find a* we join the point F, I of the grid to the
point a of the linear a scale. This line crosses the linear scale c* at a point
that indicates the value of ax. In our example the point 95o, 1050 is
found (on the right side of the grid because 95 and 105 are ,,like,' in
being greater than a right angle) and when joined to the point a:100o
we find the l ine crosses the a* scale at a*:78.2". The point 105o, 1000
of the grid joined to 95" on the center scale gives F*:82.0 on the lower
scale. Similarly we find 7*:f3.3o.

With a slide rule, we now evaluate the four quantities

V r :  - s i n a * c o s 0 : 0 . 0 8 5 3

V, : sin a* sin B : 0.975
sin a

A :  _ _  :  1 . 0 9 8
o s r n p

c :  
t t t l  

:  1 . 2 1 2

We can now easily write the matrix m-1:

AsinT* 0 CVr
A cos 7* 1 Ccos a*

0 O c v ,

1.Oss 0 .103 l
.307 1  .247 l .
0  0  1 .182 )

To make a gnomonic projection, on, say the plane perpendicular to

the c axis, we evaluate the prod.uct ̂ -r{I\ for a number of planes (hkl).

tz)
On coordinate paper we plot x/2, y/z for each point. 'Ihis is the gnomonic
projection.
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For example, for the plane (112) of the crystal we have been con

sidering:

[  
1 .Oss

1 .307
to

0
I

0

.103
a i a

r . t82

( 1 )  [ l . o s s x 1 + o x 1 +  . 1 o 3 X 2 l
( 1 )  :  1  . 3 0 7 X 1 + 1 X 1  +  . 2 4 7 X r i  :
( 2 )  t O X t  + 0 x 1 + r . r 8 2 x 2 )

1 .261 
I

1 . 8 0 1  I  .

2.364l l

I
t
l
I
I
I
I

I
/ e o
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The point r: |.261/ |.182: 1.067 . y : 1.801/2.364: .7 62 is the gnomonic

projection of the plane (112).
If now, by r-rays we determine the value of dsle we can divide all terms

of m-1 by doro to obtain the matrix M-t. This matrix then gives all

atomic spacings readily. We will illustrate the use of charts with this

M-1 matrix by means of the next example, the second type of problem.

Let us assume that the measured reciprocal cell constants of a crystal

are;  Ao: l /d*o:9.179,  Bo: l /d .srr :9.159,  Co: l /dssr :g.2gg,  Doi :
: I /dn11:0.220,  Drc1-- l /d ' .or : .260 and Dm: l f  d 'm: .204.  We know

that the reciprocal cell angle ox is determined by the ratios of 86, Cs and

Dorr (or Dori). We write these as a ratio in this order, then divide all three
terms by the larger  of  the f i rs t  two as Be:Cp:De11:Q.150:0.200:0.220
:0 .75 :1 :1 .10 :e i l i g  (o r  l ; e :g  i f  t he  f i r s t  number  had  been  the  l a rge r  o f

the first two). We then turn to the parallelogram chart, Fig. 2, and run

o
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a l ine through g:1.10 and e:0.75, then observe that  th is  l ine cuts the
a* scale at 76.40. (We read the upper numbers because d611 has mixed
signs.)  Simi lar ly  Coi  Aot  Dror :0.200:  0.170:0.260:1 :0.85:  1.30 g ives

0* :88 .9o  and  Ao iBs tD l i : 0 .170 :0 .150 :0 .2O4 : l :O .882 : -1 .2O g i ves

?*:101.1o, (the lower numbers are read because Drro has unmixed
signs).

To find d, A,.y from the angies o*, 0*r 7*, that we have just determined
we use the reciprocal angle chart, Fig. 1 as before, merely considering
starred angles to be unstarred and vice versa. The chart giveso:104.1o,

0:93.8o,  t :78.4" .  A s l ide ru le now gives us

1 1' 
a.i" B,i;- 

: 
A 'i" B{'i,,';' 

u"o

6s and ca from the similar equations derived by permuting the letters.
These equat ions g ive for  our  example,  ao:6.O1,  bo:7.00,  co:5.16.  We
now compute

V r :  - s i n a r c o s p

Vz : sin a* sin B

for our example, getting Yt: .0642, Vz: .970.
We may now form the matr ix  M-r :

44 sin 7* 0 CoVr

4.6 cos 7* Bs C6coS a*

O O COV'

.1668 0 .0128 l
I- .0326 .1s0  .0470 
f .

0 0 .1940 )

We will i l lustrate the computation of a plane spacing for the plane (312).

. 1668  0  . 01281 (3 )
- .0326 .1s0 .0470 

|  
( t )  :

0  0 .1940)(2)

. 1 6 6 8 x 3 + 0 x l + . 0 1 2 8 y . 2
- .0326x 3 + .150 x 1 + .0470 X I

0 x 3 + 0 x 1 + . 1 9 4 0 x 2

.5260

.t462

.3880

The square root of the sum of the squares of these numbers is lfdaz
but the nomograph, Fig.3 gives this value, D312:l/Dsrz much more
easily and gives the Bragg angle for copper Ka besides.

We locate two of the three numbers on scales Dl and Dz and make a
mark where a line joining these points crosses the ungraduated line. This
crossing point is then joined to the third D value located on scale D3 by
a line that crosses scale D71,1. This last crossing point gives lf d,nmbelow
the line and the Bragg angle for copper Ka above the line. In our ex-
ample this last crossing point is at DhH:0.668, hence, dsrz:1.497 and
above the l ine we read d:31.0.
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While the charts published with this paper will be adequate for most
purposes some workers may wish to prepare their own charts. The
charts here presented may be photostated and hence enlarged to
any convenient scale. Photographic distortion is immaterial as long as
all straight lines are reproduced as straight. For those who wish to replot
the charts we give the formulae

The Reci.procal Angle Chart.

c o s B c o s y  I
r :  

t 4  -  s i " B s i n " t  ! : 5 7 +  - - s i " p . i n  z
r : 0 . 8 c o s a ,  ! : . 3

f i : c o S a + r  y : 0

r : 4 / 9 g 2 - 5 / 6 ,  ! : l

e 2 - 7 / 8  9 / 4
* : 2 r + g / 4 '  Y :  z e + g / 4
t c :  - c o s y * t  t : 0

Df  _8 .s
* :  r + row '  Y :  r+ l oD , ,

Dzz 1 .5
* :  

t + n n r , t  Y : T + t o D r '

Df r7
* : r + r o D r ' '  Y :  r + t o D t '

D2 10
4 + 1 0 D r '  '  4 + 7 0 D '

(2/\)2 sinz 0

" 
: 

4 + lu2n )' ri"' o'

In plotting these we do not need to plot r and y to the same scale.
The derivation of these formulae will not be given here; it is a straight-
forward application of the methods given by the author in a recent
paper-"A simple procedure for the making of alinement charts,"
.Iournal of Applied Physics,83-86 (January 1948).
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