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ABSTlCAOT 

The oaner ilnacribes the construction of an inteeratinn Woissenbem (:nmnra. 
A .  ., - ~ ~~~ ~ 

Tho rnoohnnisnl of tho i~ngular integration ia very similar to that icsnd in the origirlal 
Wiehorlgr~ dosixn. Tlla linear integration is effected by a rnak nnd pinion arrange- 
ment. Both these are marlo repetitive, so that one oornplete intogrution t,nkes p1nr:e 
in nbout one hour. A Fankuohan-Lipsoumb cooling arrangement tins been inoor- 
porated into this oaznora for study of orystals a t  low tomperaturer. Tho problem 
of rernovina the canset." for lo6uline nnd cluva1o"irur witl~out distnrbine the ooalinu . -. . . 
nrrsngsnlent hrm been ~olve<l by making the jc~oket,ed oold and werm air leads thin 
enough to pass t11t,011pi1 tlln slot of ib ~ortvont~iond c ~ ~ a e t t o .  ti Ilig11 ~ B ~ I ~ R P R ~ u I ' O  

nttnchrnant for ~ t u ~ l , y  111' ory(it,aI~ up t,o 5110°C has been made using n nickel foil 
both ns a h a t e r  alernont t~nd , ~ h  S-nty  lilter. 

It is now acceptcrl that for extremely accurate determinations of 
crystal structures in which photograpl~ic techniques are used, t l ~ e  
recording of intensity data on integrding cameras of the Wiebenga typo 
is ~Jel~hal l~  the l~est. Many eminent crystallogmphers 11avo advocated the 
precise determination of atomio and thermal parameters of crystals a t  
low temperatures. Thero is no doubt that the Fanknchcn-Lipscomb 
(Kaufinan ancl Fa~~kuchcn, 1040; Alrahem et al., 1060) arrangeniont 
for cooling the crystal haa many advantages over other methods, 
particularly when one is interested in the study of the crystal structures 
of substances which are liquids a t  room temperature. 

As present writers had no access to any camera that combined the 
essential features of these two techniques it was decided to design and 
construct such a camera. As this camela has some novel features, its 
oonstructional details hsve been described in this paper. The problem 
of removing the cassette for developing the X-ray film withont interfering 
with the cooling arrangement has been solved in a simple manner. 
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2. DETGS OB CONSTROCTION 
A. The integrating process 

The process of integration consists of iiparking two types of i n o v ~  
ments to the cassette during the exposure. At  the end of every to-and-fro 
traverse of the carriage a cylindrical cassette rotates through a small 
angle ( = O- lo) about its axis and a t  the same time it is translated parallel 
to its axis by about 0.05 mm. In the present camera the mechanism for 
angular movement is very similar to the one used by \X7iebetga -(We- 
benga and Smits, 1950). However a rack and pinion arrangement is used 
for the linear integration. Unlike Wiebenga's original design both the 
movements are made repetitive and one complete integration takes abolit , 
an hour. 

B. The carriage design 

A carriage consisting of two parallel plates of brass AA (12 cm x 8 
cm x 0.6 em) separated by another bwss plate B (12 cm x 3.8 cm x 0.6 
cm)' is capable of moving freely on rollers R, R, supported on parallel 
cylindrical rails (RR), one being placedvertio&lly above the other (Fig. 1). 

(o! 

Pm. 1 (a) The end-on view of the integrgrting Weieaenberg camera 
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Ro. 1 (b) Diagram showing the arrangement for rotstiooal and trarrslational 
intapation. 

On the upper aide of the plate B there are two V-grooves parallel to the 
length and 1.5 om apart. A similG plate C having identical V-grooves on 
the lower aide is kept on plate B. Four balls kept in the grooves minimize 
the friction so that plate C becomes a platform capable of sliding parallel 
to the length of the carriage. On this platform are mounted two pairs of 
baU-bearings for supporting the cassette (only one pair is shown in 
sectional diagram). The assembly of baU-bearings is capable of a move- 
ment parallel to the length of the carriage (by D sliding over C). This 
movement is necessary when taking equi-inclination'Weissenberg 
photographs and it also makes it possible to remove the csssette without 
disturbing the cooling arrangement which is described later. Each set 
of ball-bearings can move, independent of each other, in the transverse 
direction-a feature essential for fine adjustment ~ h i l e  properly aligning 
the camera. 

C .  The mec!mmism for angular rotation 
As in the Wiebenga design, a notched wheel having fourteen teeth is 

mounted on the aide of the carriage by means of a horizontal shaft, S. 
" 
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At the end of every oscillation of the carriage the teeth of the notched 
wheel are engaged in a pin which causes a rotation of the notched wheel. 
A spring and roller arrangement makes the rotation of the notched wheel 
uni-directional and in equal steps. Thns at the end of every oscillation of 
the carriage, the notched wheel rotates through (360/14) degrees causing 
the rotation of a cam mounted on the wmmon shaft. A vertical knife- 
edge follower moves through a distance (0.4 mm) for every (360114) 
degreea rotation of the cam. This movement is further reduced by a lever 
arrangement and it is imparted by an adjustable pin to the cassette 
sitting on the four b&bearings described earlier. Total rotation of the 
cassette can be adjusted by chaa@g the position of the pin on the lever 
arm. 

D. The mechanism of linear integratia 

The rotation of the notched wheel is transmitted to cam 2 by a system 
of reducing gears (ratio 5: 1). A lever L, (Fig. 1 ( b ) )  kept pressed against 
cam 2 follows the motion of the cam. As cam 2 rotates the lever oscillates 
with an amplitude of 20". Thii oscillating lever rotates a pinion G which 
is fixed just below C between the plates AA. On the lower side of plate C 
is attached a spur rack which through a slot in plate B is engaged to 
pinion G. A spring pulls the plate C so that the lever Lp is always pressed 
against the cam 2 and any possible backlash is avoided. The slightest 
movement of cam 2 and thus of lever 2 results in a linear movement of the 
plate C. In this particular arrangement the total movement of C is 1.5 
mm. Different amplitudes can be obtained by using cams of different 
sizes which are mounted on the common shaft. However, a continuous 
variation in the amplitude is not possible. 

It is possible to take with this camera, Weissenberg photographs, 
without any integation, with either angular integration or linear 
integration only or with both simultaneously. 

In this camera both movements complete an integral number of 
oscillations in about 70 min, the angular movement completing five 
osciUations while the linear movement completes one. Thus the expusure 
time chosen must always be an integral multiple of 70 min. 

3. Low TEMPERATURE ATTACHJ~ENT 
The Fankuchen-Lipscomb arrangement of cooling consists of blowing 

a jet of dry cold air on to the crystal. The wld air jet is surrounded by a 
aheath of dehydrated air at room temperature and this prevents any 
condensation of moisture on the crystal. This method is simple and 
extensively usedin theX-ray investigationof cry8talsatlow temperature. 
However one has to face the diEculty of removing the cassette (for 
loading and developing purposes) without disturbing the cooling arrange- 
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ment-afeature essential when one nishes to study crystals of substances 
whioh are liquids a t  room temperature. This difficulty is often overcome 
by using a split cassette. The use of a split mesette in an integrating 

Dehydrated &r air 

k r m i  inr ibor Nickel foil cvlider 

Nickel leodr 
for heating 
CUFrem 

Goniametcr 1 ,  Thermocouple 
hed Crysrol 

Rvbber ~ c k n g  

Sc- tube 

Fla. 2 (a) The coolirkg attsohment. (6 )  End-on view ofthe screen tube holder which 
permits the removal of the m t t e .  (c) Heater attachment to she goniometer. 

camera is, though not impossible, yet snfficientIy complicated to make 
one look for some simpler arrangement. Recently Viswamitra (1962) has 
designed a special camera whioh permits the removal of the cassette 
from the goniometer end of the camera. The camera employs a large 
number of bevel and spur gears wherein the possibility of backlash 
cannot be so easily avoided. 
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The low temperature attachment described here permits the removsl 
of an ordinary cassette without disturbing the cooling arrangement. 
This is achieved by making the screen tube holder support and cold-air 
lead thin enough to pass through the slot of the conventional cassette. 

As shownin Fig. 2(a), cold air-is paaaed through the Dewar tube which 
is surrounded by another glass jacket. Dehydrated air at room tempera- 
ture is passed through the gap between the Dewar tube and outer jacket. 
The whole assembly is mounted inaide a brass tube which also serves 8s 

the screen tube holder. This screen tube holder is held in position by a 
bracket-like braas support bent twice at right angles (Fig. 2(b)). The lower 
part of this support is clamped on to the camera. From Fig. 2(b) it is clear 
that cassette can be removed without disturbing the cooling system. 

Some of the important features of the new design of the cooling 
attachment are: 

(i) I t  permits the removal of a conventional cassette without disturb- 
ing the cooling arrangement, so that cryst& of the s u b s t & ~ ~ w  
which are liquids at  room temperature can be studied. 

--.- (ii) 'Since the Dewar tube is enclosed by the sereen tubes, the removal 
of the casette doas not change the condition of cooling so the ' . 

temperature doe8 not rise. 
(iii) The mounting of the Dewar tube inside the screen tube makes it 

quite aafe against mechenical shock. 
(iv) This low temperature attachment can be used in any other com- 

mercially available Weiasenberg camera (integrating or ordinary) 
with equal facility provided the screen tube holder (Fig. 2(b)) is 
made. 

4. b T E M P E B A ~ E  ARR~XOEMENT 
Steward (1949) suggested a heating arrangement using a nickel foil 

both as heater element and as a filter for Cu Kp radiation. This heater- 
cum-filter arrangement has been slightly modified to suit the present' 
camera, and it is flustrated in Fig. 2 (c). The base of the furnace is an 
insulating material which forms a part of the goniometer head and it 
holds a cylinder (diameter 2 c m )  of this nickel foil. This foil is heated up 
by passing current at  low voltage. The cylinder is c l o d  by another 
insulator snd this effectively pmevents any fluctuations in temperature 
due to convection currents. A thermocouple placed near the crystal 
records the temperature. 

, . 
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