
H O L O G R A P H Y 
on the Spacelab 3 mission 

By Robert B. Owen and R.L. Kroes 

On Apr i l 29, the Space Shut­
tle carried Spacelab 3 into 
o r b i t . T h i s c a n - s h a p e d 

module is designed to allow labora­
tory-quality experiments to be con­
ducted in space. The Spacelab 3 
mission was primarily devoted to 
materials science, but experiments 
were also conducted in l ife sci­
ences, fluid mechan ics , atmo­
spheric science, and astronomy. 
The Spacelab environment allows 
research to be done by scientists in 
the Shuttle, in mission control cen­
ter, and in the laboratory, all in 
simultaneous communication. 

One of the major experiments 
conducted on Spacelab 3 was "So­
lution Growth of Crystals in Zero-
Gravity," which was developed by 
R.B. Lal at Alabama A & M Univer­
sity and R.L. Kroes at N A S A Mar­
shall Space Flight Center. In this 
study, triglycine sulfate (TGS) crys­
tals were produced by a low-tem­
perature solut ion growth tech­
nique. These crystals were grown 
in the F lu id Experiment System 
(FES), which is a general purpose 
facility for studying the behavior of 
fluids in space. The FES uses ho­
lography as its main data gathering 
system. 

This experiment is thus of two­
fold interest to the optics commu­
nity. Not only did Spacelab 3 see 
the first elaborate use of hologra­
phy in space, but the T G S crystal 
being studied is a very interesting 
optical material. In this article, we 
shall first briefly examine some of 
the properties of T G S and then 

Used as a major data 
gathering system on 

Spacelab 3, holography 
helps to study TGS 

crystal growth. 

outline the optical system of the 
F E S . It wi l l be seen that optics 
plays an important part in this ex­
periment from beginning to end. 

The importance 
of triglycine sulfate 

TGS is of interest because of its 
use as an infrared thermal detector 
and for basic scientific reasons con­
cerning its ferroelectric properties. 
It is water soluble, and single crys­
tals can be grown from aqueous so­
lution at moderate temperatures. 
Since the solution is transparent, 
the crystallization growth process 
can readily be studied by optical 
techniques using light in the visible 
wavelength region. 

Unl ike semiconducting photon 
detectors, which must be cryogeni¬
cally cooled for efficient operation, 
T G S works best at or near room 
temperature and has a very broad 
spectral response. 1 T G S has this ca­
pacity by virtue of being both a fer­
roelectric and a pyroelectric mate­
rial that is extremely sensitive to 

temperature change. It is a ferro­
electr ic wi th a Cu r i e transit ion 
temperature of 49.6°C, and it has a 
high pyroelectric coefficient and a 
low dielectric loss factor. 

Pyroelectr ic materials such as 
T G S form a subgroup of the piezo¬
electrics and possess a spontaneous 
electrical polarization below their 
Cur ie temperature. The degree of 
polarization changes with the tem­
perature and can be observed by 
the generation of an electrical sig­
nal when electrodes are placed on 
opposing sides. The property of 
ferroelectricity is a subgroup of the 
pyroelectrics and adds the addi­
tional characteristic that the po­
larization can be reversed by an ap­
p l ied electr ic f i e ld . 2 The Cur ie 
temperature is therefore important 
because above this temperature 
the ferroelectric properties disap­
pear. Since the Cur ie temperature 
for TGS is 49.6°C, the best com­
promise of desired versus unde¬
sired characteristics occurs when 
T G S is operated at or near room 
temperature. 1 It has been found re­
cently that some of the properties 
of T G S (pyroelectr ic coefficient 
and figure of merit) can be im­
proved by doping with alanine or 
growing in a deuterated water so­
lu t ion . T G S possesses a single 
cleavage plane which occurs per­
pendicular to its 010 pyroelectric 
axis, making it desirable for device 
fo rma t ion . Un fo r t una te l y , the 
growth on this plane is not very sta­
ble and usually produces a multi-
stepped surface. 
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T h e i m p o r t a n c e o f T G S f o r o p t i ­

c a l a p p l i c a t i o n s i n a s t r o n o m y , 

E a r t h o b s e r v a t i o n , e n v i r o n m e n t a l 

a n a l y s i s , a n d t h e m i l i t a r y is q u i t e 

e v i d e n t . H o w e v e r , t o d a t e a c t u a l 

p e r f o r m a n c e h a s n o t m e t e x p e c t a ­

t i o n s . T y p i c a l T G S c r y s t a l s h a v e a 

m e a s u r e d d e t e c t i v i t y w h i c h i s 

a b o u t o n e o r d e r o f m a g n i t u d e b e ­

l o w t h e t h e o r e t i c a l l i m i t . I t i s b e ­

l i e v e d t h a t c o m m o n c r y s t a l l o ¬

g r a p h i c d e f e c t s s u c h as i n c l u s i o n s 

a n d d i s l o c a t i o n s a d v e r s e l y a f f e c t 

t h e d e t e c t i v i t y a n d d e t e r m i n e i t s 

l i m i t s o f s e n s i t i v i t y . S o m e o f t h e s e 

d e f e c t s m a y b e c a u s e d b y g r a v i t y -

d r i v e n c o n v e c t i o n . 

I n S p a c e l a b 3 , t h e m i s s i o n p r o f i l e 

w a s d e s i g n e d t o m i n i m i z e a c c e l e r a ­

t i o n w h i l e t h i s e x p e r i m e n t w a s b e ­

i n g c o n d u c t e d . T h u s t h e g r o w t h o f 

t h e c r y s t a l s h o u l d b e d i f f u s i o n - c o n ­

t r o l l e d . B y t h u s e l i m i n a t i n g c o n ¬

v e c t i v e e f f e c t s i t i s h o p e d t h a t t h e 

e x p e r i m e n t e r s c a n u n d e r s t a n d , 

c o n t r o l a n d m o d e l t h o s e a s p e c t s o f 

t h e g r o w t h p r o c e s s w h i c h l e a d t o 

h i g h - q u a l i t y s i n g l e c r y s t a l s . 

Fluid experiment 
system optics 

T h e b a s i c F E S o p t i c a l s y s t e m is 

h o l o g r a p h i c . T h i s c h o i c e a l l o w s o p ­

t i c a l t e c h n i q u e s w h i c h m i g h t b e 

d i f f i c u l t t o a p p l y i n o r b i t t o b e u s e d 

i n t h e l a b o r a t o r y b y a n a l y z i n g t h e 

h o l o g r a p h i c r e c o n s t r u c t e d i m a g e 

a f t e r t h e flight. T h i s a p p r o a c h h a s 

a l r e a d y b e e n t e s t e d . H o l o g r a m s 

h a v e b e e n t a k e n o f T G S u n d e r 

m i c r o g r a v i t y c o n d i t i o n s b y u t i l i z ­

i n g a N A S A K C - 1 3 5 a i r c r a f t flying 

as p a r a b o l i c t r a j e c t o r y . 3 

I n a d d i t i o n , h o l o g r a m s o f T G S 

h a v e b e e n a n a l y z e d i n t h e l a b o r a ­

t o r y u s i n g i n t e r f e r o m e t r i c , s c h l i e ¬

r e n , a n d s h a d o w g r a p h t e c h n i q u e s . 

S i n c e t h e r e is n o f a c i l i t y f o r p r o ­

c e s s i n g h o l o g r a m s i n S p a c e l a b , i t 

w a s n o t p o s s i b l e t o e x a m i n e t h i s 

o p t i c a l d a t a d u r i n g t h e m i s s i o n , s o 

t h e F E S o p t i c a l s y s t e m i n c l u d e d a 

s c h l i e r e n s y s t e m t o a l l o w t h e e x ­

p e r i m e n t e r s t o o b s e r v e t h e c r y s t a l 

g r o w t h i n r e a l t i m e . 

T h e o p t i c a l a s s e m b l y i s m o u n t e d 

o n a N e w p o r t C o r p . o p t i c a l t a b l e . 

T h e l a s e r , w h i c h i s a S p e c t r a - P h y s ­

i c s 1 0 7 A H e - N e w i t h t h e t u b e 

m o u n t s m o d i f i e d t o w i t h s t a n d 

l a u n c h , i s m o u n t e d o n t h e b e n c h 

b a c k , a l o n g w i t h i t s c u s t o m d e ­

s i g n e d p o w e r s u p p l y . A H e - N e l a ­

s e r w a s c h o s e n f o r i t s r e l i a b i l i t y , 

l o w e l e c t r i c a l r e q u i r e m e n t s , a n d 

r e a d y a v a i l a b i l i t y f o r u s e i n p o s t -

f l i g h t h o l o g r a p h i c r e c o n s t r u c t i o n . 

T h e 1 0 7 A w a s t h e l a r g e s t H e - N e 

l a s e r t h a t w o u l d fit i n t h e s p a c e a l ­

l o w e d f o r t h e s y s t e m i n t h e s t a n ­

d a r d S p a c e l a b r a c k s . 

T h e u n e x p a n d e d l a s e r b e a m is 

d i r e c t e d a r o u n d t h e e d g e o f t h e t a ­

b l e a n d is t h e n e x p a n d e d t o a 6 -

i n c h c o l l i m a t e d b e a m . T h e r e i s n o 

s p a t i a l filter s i n c e i t w a s f e l t t h a t 

t h e r e w o u l d b e p r o b l e m s i n p i n ­

h o l e r e a l i g n m e n t i n o r b i t . T h e 

c o l l i m a t e d b e a m is s p l i t a n d d e ­

f l e c t e d b y a s e r i e s o f b e a m s p l i t t e r s 

a n d m i r r o r s t o f o r m t w o s i d e b a n d 

h o l o g r a p h i c s y s t e m s a n d a s c h l i e ­

r e n s y s t e m . T h e p r i m a r y h o l o ­

g r a p h i c s y s t e m i s f o r m e d u s i n g t h e 

b e a m t r a n s m i t t e d d i r e c t l y t h r o u g h 

t h e s a m p l e c h a m b e r as t h e o b j e c t 

b e a m , a n d t h e s e c o n d a r y h o l o ­

g r a p h i c s y s t e m i s f o r m e d u s i n g 

l i g h t s c a t t e r e d b y t h e i m m e r s e d 

c r y s t a l as t h e o b j e c t b e a m . 

T h e r e f e r e n c e b e a m f o r t h e 

t r a n s v e r s e s y s t e m i s p u r p o s e f u l l y 

r e d u c e d t o a l l o w f o r t h e w e a k c r y s ­

t a l s c a t t e r i n g . T h e p r i m a r y o b j e c t 

b e a m i s s p l i t a f t e r p a s s i n g t h r o u g h 

t h e t e s t c e l l , w i t h o n e a r m g o i n g t o 

t h e a p p r o p r i a t e h o l o g r a p h i c film 

t r a n s p o r t a n d t h e o t h e r g o i n g t o 

t h e r e a l - t i m e s c h l i e r e n s y s t e m . T h e 

f i l m t r a n s p o r t u s e s f l e x i b l e 7 0 m m 

S O - 2 5 3 film, r e s u l t i n g i n t y p i c a l 

e x p o s u r e t i m e s o f 1/30 s e c o n d f o r t h e 

p r i m a r y s y s t e m a n d . 5 t o 1 s e c o n d 

f o r t h e s e c o n d a r y s y s t e m . S y s t e m 

r e s o l u t i o n i s 2 0 µm o r b e t t e r . 

T h i s s y s t e m p e r m i t s t h e r e c o r d ­

i n g o f b o t h s i n g l e a n d d o u b l e e x p o ­

s u r e h o l o g r a m s i n t w o s e p a r a t e o r ­

t h o g o n a l c o n f i g u r a t i o n s . I t i s 

p o s s i b l e t o i n s e r t a g r o u n d g l a s s d i f -

FES flight optical system. This photograph shows the actual FES flight 
holographic schlieren system. 
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FES rack-assembly. This schematic shows how the FES flight optical sys­
tem and test cell mount into a standard Spacelab rack. The locations of 
support electronics and controls are also shown. 

FES optics in rack-assembly. The FES optical system is shown mounted 
in the Spacelab rack. The FES control panel includes a TV screen which 
allows the schlieren image of the growing TGS crystal to be viewed by 
the payload specialist during flight. Controls are also available to allow 
manipulation of the schlieren knife edge. 

fuser plate to allow diffuse rear i l ­
lumination transmission holograms 
to be recorded with the primary 
camera. The diffuse holograms 
show three dimensional images of 
the growing crystal which can be 
viewed directly by the investiga­
t o r s , w h i l e d o u b l e e x p o s u r e 
holograms show a variety of inter¬
ferometric data on the crystal and 
on temperature and concentration 
profiles within the growth solution. 
The single exposure holograms wi l l 
be amenable to analysis by schlie­
ren, shadowgraph, interferomet¬
ric, and microscopic techniques. 4 , 5 

The flight holograms are of excel­
lent quality and are currently being 
studied by the experiments investi­
gator team. 

Additional experiment 
optical systems 

Whi le the prime system of the 
F E S is holographic, it was not pos­
sible to use this technique to ana­
lyze the experimental process dur­
ing flight since the holograms were 
not developed until after the mis­
sion. This burden was therefore 
carried by the F E S schlieren op­
tics. The main data which must be 
known concerns the crystal—is it 
growing properly? If not, the pay-
load special ist must be able to 
know what changes to make. It 
turns out that in spite of the low 
growth rate of TGS, it is possible to 
make this determination using a 
modification of well-known schlie­
ren techniques. 

Since light traveling through a 
non-uniform medium is refracted 
in the direction of a positive refrac­
t ive index gradient (usually in­
creasing density), it can be ex­
pected that the schlieren image of 
the crystal growth boundary layer 
wi l l be affected by growth or disso­
lution. In the case of a growing 
crystal, material is being absorbed 
from solution, the density increases 
as one moves away from a growing 
face, and light traveling parallel to 
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Results from FES hardware check-out Test holograms from the FES 
were used to generate shadowgraph, schlieren, and interferometric im­
ages of a growing TGS crystal. All images were made from the same hol­
ogram. The main virtue of holography for this experiment is that it al­
lows such techniques to be applied as required in the laboratory after 
the flight, rather than trying to perform them during the mission. (Holo­
graphic reconstruction performed by W. K. Witherow, MSFC) 

that face wi l l be refracted away 
from the surface. In the case of a 
dissolving crystal, material is being 
added to solution, the density in­
creases as one moves towards a dis­
solving face, and light traveling 
parallel to that face would be re­
fracted towards the surface. If the 
crystal is neither growing or dis­
solving, light traveling parallel to 
the surface wil l be only slightly af­
fected. 

In a typical schlieren system, this 
means that a growing crystal would 
have a light band at the schlieren 
image of the face towards the knife 
edge and a dark band on the oppo­
site crystal face. If the crystal is dis­
solving, the bands wil l be reversed. 
If the crystal is neither growing nor 
dissolving, only minute bands wil l 
appear. The entire crystal outline 
can be examined by this method 
through rotation of the knife edge. 
The operation of this technique in 
microgravity using TGS has been 
verified by tests on the N A S A K C -
135 low-gravity simulat ion air­
craft. 6 The FES schlieren optical 
system was used by the payload 
specialist to determine whether 
the test crystal was growing prop­
erly during the mission. The flight 
crystal appeared to grow normally 
and is currently being analyzed by 
the investigators. 

Ground-based optical 
systems 

In addition to its role during and 
after the Spacelab 3 mission, optics 
also played a major part in the lab­
oratory research which built the 
foundation needed for this experi­
ment prior to flight. In order to 
mathematically model and accu­
rately control the growth of quality 
TGS single crystals, it was neces­
sary to determine many of the 
physical properties of the growth 
solution. Optical techniques were 
used extensively in determining 
the index of refraction as a function 
of concentration and temperature, 

the solubility curve, optical disper­
sion, diffusivity, and other proper­
ties. 7 

An Abbe refractometer with a 
sodium light source was used for 
index of refraction measurements. 
Optical dispersion was obtained by 
app ly ing C a u c h y ' s equat ion to 
measurements made on the index 
of refraction at several different 
wavelengths. The solubility curve 
was determined using a shadow­
graph technique in which a seed 
crystal was inserted into a T G S so­
lution and the presence of growth 
or dissolution determined from the 
shadowgraph image of the convec¬
tive plume. 

In determining the diffusion co­
efficient, use was made of the index 
of refraction as a measure of the 
concentration changes with time 

COVER P H O T O S 

A NASA KC-135 low-gravity 
simulation aircraft was used to 
test the laser schlieren monitor 
in microgravity conditions prior 
to the Spacelab 3 mission. A TGS 
crystal was examined while both 
growing and dissolving, and the 
difference was readily apparent 
upon inspection of the schlieren 
image. 

The top photo shows the ex­
perimental TGS crystal growing 
from a seed mounted on the tip 
of a temperature-control led 
sting immersed in TGS solution. 

The center photo shows the 
growth cell for the TGS crystal. 
It can be seen that gold, which 
was chosen because of its ex­
treme chemical inertness, is used 
extensively in this chamber. 
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Laser schlieren crystal monitor indicating crystal growth. 

As can be seen from the diagram, when the crystal is growing a bright 
band will appear on the side of the schlieren image which is toward the 
knife edge. A dark band will appear on the opposite side. 

Laser schlieren crystal monitor indicating crystal dissolution. 

As can be seen from the diagram, when the crystal is dissolving a dark 
band will appear on the side of the schlieren image which is toward the 
knife edge. A bright hand will appear on the opposite side. 

Laser schlieren crystal monitor indicating transition between growth 
and dissolution. 

As can be seen from the diagram, when the crystal is in transition be­
tween growth and dissolution only minute bands will appear on the 
schlieren crystal image. 

along the diffusion path length. 8 

Finally, the Raman technique was 
u s e d to i d e n t i f y the v a r i o u s 
dissociation species present in the 
T G S so lu t ion and to study its 
stoichiometry during the diffusion 
process to verify that the various 
dissociation products diffuse at es­
sentially the same rate down a con­
centration gradient. 9 It is thus clear 
that optics has played a major part 
in this experiment from the begin­
ning to the end. • 

R O B E R T B. O W E N and R.L. K R O E S 

are with the Space Science Labora­
to ry at N A S A M a r s h a l l Space 
Flight Center, Huntsvil le, Ala. 
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