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c This report describes a conversational program which 

uses graphic routines to plot on a Tektronix Screen, a projec

tion of the atomic positions in a given crystal lattice. 

Most often a research worker, whether a crystallographer 

or a physicist, wishes to visualize the arrangement of the atoms 

in certain crystalline structures. Figure 1 shows an artistic 

representation of a packing drawing of the cubic arrangements 

of atoms in Na Pb compound. An ideal situation will be to
3 

reproduce such artistic drawings in the computer, emphasizing 

the bonding arrangements, interatomic distances and distinguish

ing (probably by shaded lines) which atoms lie above others and 

which are hidden behind the direction of view. To produce such 

packing drawings on the line printer or on a display screen will 

not go without undue programming difficulties. 

The present program does not attempt to reproduce a 

packing drawing of atomic arrangements but instead produces a 

projection of the atom positions on planes normal to the direc

tion of view. Figure 2 shows a cube face projection of the same 

Na Pb3 structure. The larger circles represent Na atoms. 

The program however, represents each atom position by 

a symbol (one character symbol) which the user has to supply as 

part of the input. Atom positions are generated in 3-space in 

planes normal to the direction of view. Such planes are repre

sented by integer numbers 0 through 9. (No more than 10 planes 

deep are displayed). The plane closest to the viewer is assigned 

<:; the number 0 while the farthest plane from the viewer is plane 
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FIGURE 1 

Packing Drawing of Na Pb 3 

FIGURE 2 


Projection on a cube face c 



3. 

number 9. Hence an atom position represented by P, lies in a 

plane nearer to the viewer than an atom position represented by 

-




c INPUT DATA 


Presently the program is designed to display only 

lattice structures which have a cubic symmetry e.g. face 

centred cubic (f.c.c.) or body centred cubic Structures. 'l'his 

is important because the cell dimension A, asked for in the 

program is the length of a cubic face of the unit cell. If 

we consider the vectors u = (1,0,0) ; v = (0,1,0) ; w = (0,0,1)..... "'" ...., 

as unit vectors in the cartesian coordinate system, we obtain 

a unit cell of the crystal by translating points a distance A 

units along each of the three directions B , v , w • 
... "" 

In the language of crystallography a unit cell may be 

defined as the smallest volume from which the entire space 

grouping can be built by repetition (translation) along the 

coordinate axes. The following example gives the necessary 

crystal10graphic data required for input into the program: 

Crystal Name : cU2 Mg 


Type Structure : face centred cubic 


Equiv. Positions: (0,0,0);(0,1/2,1/2);(1/2,0,1/2);(1/2,1/2,0) 


Cell Dimension : 8 


Centring Points : 


Mg : (0,0,0);(1/4,1/4,1/4) 

Cu : (S/8,5Itl,5/8);(5J8,7/8,7/8};(7/8,$/8,7/8); 
(7/8,7/8,5/8) • 

The equivalent positions give coordinates of points of symmetry 

in the structure. The coordinates of the centring points will 

therefore be added in turn to the coordinates of the equivalent 
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positions to obtain all the atom positions in the unit cell. 

In the above example there are two centring atoms o£ Mg located 

at coordinates (0,0,0) and (1/4,1/4,1/4). These in turn will 

be added to the £our equiv positions to obtain eight Mg atoms in 

the unit cell. Similarly, the four centring Cu atoms will be 

added in turn to the equivalent positions to give 16 Cu atoms. 

This gives a total of 24 atoms in the unit cell of CU2 Mg 

structure. By translating each of the above 24 atoms a distance 

of 8 units each time, along the directions ~, y, ~, the program 

generates the Space lattice--a three-dimensional pattern of 

pOints in Space. The transformation routines then project these 

lattice points into planes normal to the direction o£ view. 

An option in the program there£ore asks for the view 

direction. If we may write ~,y,~ to represent the direction 

from the origin (0,0,0) to the lattice point (x,y,z), then the 

user merely types in the coordinates x,y,z seperated by at least 

one space between them. This is interpreted to mean the ob

server's eye is at (x,y,z) looking towards the origin. 
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OPTIONS AT DISPLAY 

Figure 3 shows the program flow indicating the input 

sequence and the options available after each display. 

VIEW: Typing this word after each display will enable the user 

view the same structure from a different direction. 

~: To vary the number of atoms displayed each time, the 

user types in the word 'MORE'. The same structure will be dis

played corresponding to the number of atoms entered by user. 

An approximation to the number of atoms displayed on Screen is 

computed as follows:

Let number of atoms in unit cell = SOMA 

Number of atoms required = :HA 

Number of unit cells required = NA/SUMA 

Let D = I(NA/SUMA)l~ 
~umber of atom positions actually 

generated = SUMA * D3 

Fraction of this number to be 

displayed = f = NA/SUMA 

SUPPRESS: This option will enable the user to suppress the 

printing of any atom type. Only one type of atom can be sup

pressed during each display. The same structure will be dis

played as before but leaving out appropriate atoms. 

~: There is an option to skew the view by about 5%. Atom 

positions in different planes which project on top one another 

are separated. This is accomplished by subtracting 5% of the 

Ze from the corresponding X and Y values. e e 
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STOP: This option will eventually terminate the program but-
the user is first given an opportunity to view a different 

structure if he wishes. 

t~'...,. 
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COMPUTATIONS AND TRANSFORMATIONS 

The Eye Coordinate System 

In order to calculate the position of a point on the 

display screen which corresponds to an atom position, we must 

first transform the point from object space into the eye co

ordinate system. The eye coordinate system has its origin 

fixed at the viewpoint and its Z-axis (Ze)' pOints in the 

direction of view. See Figure 4. A transformation which we 

shall call the view transformation V, is used to convert points 

in object space with coordinates (X,Y,Z) to points in the eye 

coordinate system with corresponding coordinates (Xe,Ye,Ze). 
Z. 

y/ 
/ 

/ 

-- I / 
/ 

/--. - -_v 

FIGURE 4 

Thus we may write (Xe,Ye,Ze,l) = {X,Y,Z,l)V. i~e parameters of 

this transformation completely determine the view. The trans
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formation matrix itself is derived from a combination of several 

rotati.ons and translations as shown in next section. The eye 

coordinate system is a left-handed cartesian coordinate system. 

The Ze axis points forward from the viewpoint, the Xe to the 

right and the Ye axis points up. These conventions are essential 

so that the Xe and Ye axis will align with the X and Y axes 

(Xs'Y ) of the display screen. See Figure 5.s 

FIGURE 5 
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c:> Viewing Trans~ormation 
De~ine (X,Y,Z) as a point ~rom which the observer 

wishes to view the atoms. The viewing trans~ormation V is de

rived from combinations of the following primitive transfor

mations. 

1. Translation: First translate the points into a new 

coordinate system where (X,y,Z) maps into the origin (0,0,0). 

See Figure 6. The matrix Tl will accomplish this result. 

1 0 0 0 
0 1 0 0

Tl = 
0 0 1 0 

-X -y -Z 1 

~ 

'-" 

z 

z.1 

I 
.....t---..,.Y 

I 
"f... 

,.
/ 

1// 
/ 

/ 

--------' 

FIGURE 6 c 
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2. Next we rearrange the axes so that we have a left-

handed system. See Figure 7. Multiplying each coordinate 

point by matrix T2 will achieve this rearrangement. 

-1 o 0 o 
o o -1 o 

= o 1 0 o 
o o 0 1 

'Xe 
z~--~ 

~----------------~y 

FIGURE 7 


c 



c 	 3. Rotation. Next we rotate about the Ye axis through 

an angle & such that Ze axis points toward the point (O,O,Z). 
Y 

The angle & is then given by cos & and Sin & = 
X =jx2 + y2 


Jx2 + y2 • See Figure 8. 
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FIGURE 8 

Cos .g. 0 Sin .g. 0 
Transf'ormation 

0 1 0 0 

Matrix T3 = -Sin 	.g. 0 Cos & 0 

0 0 0 1 



4. Rotation about X. Finally we rotate about the Xe 

axis so that the Ze axis now pOints at the origin in object 

space. This rotation will be through an angle g given by 

X2 + y2 Z 
Cos t;I and Sin g=J X2 + y2 + Z2 = jx2 + y2 + Z2 

See Figure 9. 

1

y 

........... 

........ I 
........ 


........... I 

~l 

FIGURE 9 

1 o 0 

Transformation o Cos r; -Sin r; 
o Sin r; Cos r;Matrix T4 = 
o o 0 



.~. This completes the four simple transformations needed to es~ 

tablish the viewing transformation. Hence V = TI T2T3T4. 
Given the view direction (X,Y,Z), the program will 

determine the view transformation V from the product of the 

four matrices. The coordinates of each atom generated in 

space is then multiplied by V to obtain (Xe, Ye, Ze) for that 

atom. The Xe and Ye are now properly aligned with the Xs and 

Y of the display screen. The Ze values (with appropriates 
sign changes) are used to determine the distance of the planes 

from the observer. No perspective transformation is therefore 

involved in the display. 

To go from Xe and Ye axes to screen coordinates we 

need some simple scaling. Let XrUN and XMAX represent minimum 

and maximum values of all Xe. YMIN and YMAX the minimum and 

maximum of all Ye generated. Further, suppose the coordinate 

system of the screen runs from 0 to 1023 and we wish to fill 

the screen, then the screen coordinates of each atom will be 

given by: Xs = 0 + 1023* (Xe - Xmin) / (XMAX - XMIN) 

Ys = 0 + 1023* (Ye - Ymin) / (YMAX - YMIN) 

The three cases in which the observer wishes to view 

along any of the coordinate axes need special mention. The 

above transformation may not be meaningful in some of these 

cases. The program thus distinguishes between viewing along 

(X,O,O) , (O,y,O) or (O,O,Z) and viewing along a general 

direction (X,Y,Z). Indeed, viewing along a coordinate axis 

.~ does not require any transformations at all. As an example,
'-' 



c to view along (X,O,O) direction, we merely reassign the axes 

such that Xe = Y ; Ye = Z and Ze = X. 


Atom positions are thus projected in planes parallel to the 


Y - Z plane. 
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"~ OUTPUT
'-' 

!fIIIII' 
i~ 

The attached pictures show sample output from the 

display screen. For this illustration, a simple hypothetical 

F.C.C. (face centred cubic) structure with four atoms per unit 

cell was chosen. The crystal10graphic input data are as 

follows:

Cell Dimension = 2 

Equiv. Positions = (0,0,0) 

Centring Points: 

Atom A •• (0,0,0) 

B •• (1,1,0) 

C •• (0,1,1) 

D •• (1,0,1) 
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• 

• 

SAMPLE TERMINAL SESSION EXECUTING 'CUBIC' 

INPUT DATA ARE BEING ENTERED IN A 

CONVERSATIONAL MODE • 

• 
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• 
SAMPLE 	 DISPLAY ON THE SCREEN 

Structure: 	 Hypothetical F.C.C. structure. 

Four atoms per unit cell 

Atom : 	 A (0,0,0) 
B (1,1,0) 
C (0,1,1) 
D (1,0,1) 

View Direction: 	 Along diagonal (1,1,1) 

Display Option: 	 No skew effect. Atoms project on top
each other. 

• 
No. of Atoms Displayed: 30 

Cell Dimension: 2 
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• 

• 

structure: 


View Direction: 


No. of Atoms Displayed: 


Cell Dimension: 


• Display Option: 

Hypothetical F.C.C. four atoms per 

unit cell. A : (O,O,O) 
B : (1,1,0) 
C : (O,l,l) 
D : (1,0,1) 

Along diagonal (1,1,1) 

30 

2 

SKEW 
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• 

structure: Simpl e F.C.C. 


View Direction: Along X-axis (1,0,0) 


Display Option: MORE and SKEWED 


No. of Atoms Displayed: 40 


• 
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• 

structure: 

View Direction: 

Di splay Option: 

~o. of Atoms Displayed: 

• 
Cell Dimension: 

Simple F.C.C. 


Along Diagonal (1,1,1) 


Suppress. Type 'A' atoms are 

dropped in the display. 

30 

2 



OPERATING INSTRUCTIONS FOR USER 

Signing On: The program 'CUBIC' is run under MUSIC 

and signing on with the Tektronix is the same as signing on with 

an IBM 2741 typewriter terminal. After the system types *MUSIC 

sign on, the following dialogue should ensue:

USER RESPONSE: I ID tn,uuuu 

Where tn is terminal identifioation (any 

two deoimal digits e.g. 23 will suffioe), 

uuuu is the user's MUSIC oode. 

SYSTEM RESPONSE: *PASSWORD ?If., .loil iJ 

USER RESPONSE: Types in his password on the blacked out 

....-, squares above • 

SYSlJ.iEM RESPONSE: * IN PROGRESS 

* CODE LAST USED TIME•••• DATE, MONTH, YR 

* SIGN ON DAY MONTH DATE, YR, •••••• RESTART= 

* GO 

The system is now ready to aooept oommands to exeoute the program. 

USER RESPONSE: I INPUT 

I INCLUDE CUBIC 

I INCLUDE TEK~1~ 

I ENDRUN 

SYSTEM RESPONSE: IN PROGRESS 

The system will then indicate that execution has begun 

by displaying the load time, quiokly olears the soreen and the 

c:; following dialogue should ensue:



(1) 	 SYSTEM RESPONSE: 

USER RESPONSE: 

SYSTEM RESPONSE: 

USER RESPONSE: 

SYSTEM RESPOISE: 

USER RESPONSE: 

SYSTEM RESPONSE: 

USER 	 RESPOISE: 

SYS.TEH RESPOBSE: 

USER 	 RESPONSE: 

SYSTEM RESPONSE: 

ENTER CELL DIMENSION 

? 

Types in a numeric value to represent unit 

cell length. This length could be in any 

units. 

E~TER NUMBER OF EQUIV. POSITIONS 

? 

Types in an integer value representing 

number of equivalent positions in the 

structure. 

ElTER COORDINATES OF EQUIV. POSITIONS 

? 

Types in 3 coordinates (X, Y, Z numeric values) 

for each of the above equiv. positions. May 

type all data in one single line but separat

ing data items by blank space. 

HOW MANY TYP~S OF ATOMS IN UNIT CELL 

? 

Types in an integer value for number of differ

ent atom types. 

* ENTEH THE SYMBOL FOR OBE TYPE 

? 


Types in one character symbol for one atom 


type. 


HOW MANY ATOMS OF THIS TYPE 


? 




USER RESPONSE: 

SYSTEM RESPONSE: 

USER 	 RESPONSE: 

(2) 	 SYSTEM RESPONSE: 

USER RESPONSE: 

( 3) 	 SYSTEM RESPONSE: 

,~ 

~ USER R1i:SPONSE: 

SYSTEM RESPONSE: 

USER RESPONSE: 

SYSTEM RESPONSE: 

-VIEW 

USER RESPONSE: 

SYSTEM RESPONSE: 

26. 

Types in an integer value nt indicating how 

many centring atoms for the above type. 

* ENTER 3 COORD. FOR EACH OF THE ATOMSnt 
? 

Types in numeric values for the X, Y, Z 

coords. Separate items by blank space. 

ENTER APPROX. NUMBER OF ATOMS WANTED ON SCREEN 

? 

Types in an integer value. NB: The larger 

the number specified, the more crowded the 

screen will be. 

ENTEH COORD. X, Y, Z. THE DIRECTION OF VIEW 

? 

Types in 3 coordinates specifying the eye 

position and direction of view. 

DO YOU WANT A SLIGHTLY SKEWED VIEW 

? 

Types in "YES" or "NO" 

Clears the screen and displays the atom 

positions. The bottom left corner of the 

screen will request the user to type in one 

of the following four options 

VIEW, MORE, SUPPRESS, STOP. 

Types in 'VIEW' 


Loops back to (3). Displays the same 


structure seen from a different view. 




-
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USER RESPONSE: 

SYSTEM RESPONSE: 

SUPPRESS 

USER RESPONSE: 

SYSTEM RESPONSE: 

USER RESPONSE: 

SYSTEM RESPONSE: 

-STOP 

USER RESPONSE: 

SYSTEM R~SPO.NSE: 

USER RESPONSE: 

SYSTEM RESPONSE: 

Types in 'MORE' 


Loops back to (2) 


Types in 'SUPPRESS' 


ENTER SYMBOL TO BE SUPPRESSED 


? 


Types in one character symbol representing 


atom type to be dropped from the display. 


Loops back to display atom positions. 


Types in 'STOP' 


DO YOU WISH TO VIEW ~O'rHER LATTICE STRUCTURE 


? 


Types in 'YES' or 'NO' 


If 'YES', loops back to (I) 


If 'NO', execution stops. 


~ Dialogue between two asterisks '*' will be repeated as necessary. 

SIGN OFF: /OFF 




