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s t a lk  g i r t h  d imin i shes  w i t h  t h e  resu l t  t h a t  t he  r i nd  begins  
to  show wr ink l ing  a n d  sh r inkage  effects (Figure 2). H e a l t h y  
s t a lk  is shown  in F igure  1 for compar i son .  Chlorosis  f rom 
leaf s h e a t h s  a d v a n c e s  to  leaf blades.  In  a d v a n c e d  s t a t e  of 
infect ion,  leaves  a p p e a r  b l a n c h e d ;  u n d e r  ho t  h u m i d  con- 
d i t ions  (i.e. t e m p e r a t u r e  above  30 ~ a n d  re la t ive  h u m i d i t y  
above  80 %), s y m p t o m s  such  as wi l t ing  or p r e - m a t u r e  dry-  
ing of leaves  are  obse rved  to occur. This  is based  on  obser-  
v a t i o n s  m a d e  on f ie ld- inocula ted  p lan t s .  W h e n  these  con-  
d i t ions  are  no t  avai lable ,  even  in ar t i f ic ia l ly  inocu la ted  
p l a n t s  ro t  does no t  sp read  ex tens ive ly .  

I n  na tu re ,  chlorosis  of leaves  m a y  or  m a y  no t  occur.  
P r o n o u n c e d  ill effects  such  as wi l t ing  m a y  deve lop  in a 
smal l  p r o p o r t i o n  of p l a n t s  u n d e r  cond i t ions  of h igh  hu-  
m i d i t y  a n d  h igh  t e m p e r a t u r e s  (a round  30~ The  basa l  2 
or 3 i n t e rnodes  show e i the r  wet  ro t  w i t h  some p i t h  sof ten-  
ing or sh r inkage  w i t h  d i sco lora t ion  and  wr ink l i ng  on  the  
r ind.  A l t h o u g h  a comple te  col lapse of t h e  s t a lk  occurs  b u t  
rarely,  a pa r t i a l  d i so rgan i sa t ion  of t he  s t a lk  e l emen t s  cer- 
t a i n l y  deve lops  n.  

Zusammen/assung. Candida tropicalis, ein b e k a n n t e r  
Pi lz  bei  Mensch  und  Tier, wurde  auch  bei  Mais -Stengel -  
nekrose  gefunden .  Die P a t h o g e n i t ~ t s p r i i f u n g e n  m i t  Pilz- 
R e i n k u l t u r  (Biopa thogene)  wa r  bei  Mais u n d  weissen 
Mgusen  posi t iv .  
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TERIVIINOLOGIA 

N a m i n g  of  S u b s t i t u t e d  H i s t a m i n e s  

H i s t a m i n e  is t he  t r i v i a l  n a m e  for 4 (or 5) - (2-aminoethyl )  
imidazole ,  r ep r e sen t ed  s t r u c t u r a l l y  b y  e i t he r  f o r m u la  I or 
I I  (R = H). A l t h o u g h  d e r i v a t i v e s  of t h i s  c o m p o u n d  can  be 
n a m e d  s y s t e m a t i c a l l y  a n d  u n a m b i g u o u s l y  us ing  t he  ac- 
cep ted  I U P A C  n o m e n c l a t u r e 1  for  s u b s t i t u t e d  imidazo les  
t h i s  gives rise to  n a m e s  wh ich  are  c u m b e r s o m e  a n d  of ten  
u n i n f o r m a t i v e  to  biologists .  Phys io log i s t s  a n d  p h a r m a -  
cologists  prefer  t h a t  de r iva t i ve s  should  be  ident i f ied  b y  a 
s y s t e m  of t r i v i a l  n a m e s  based  on  h i s t a m i n e  r a t h e r  t h a n  
b y  fo rmal  ones  based  on  imidazole .  However ,  we h a v e  
found  no  a u t h o r i t a t i v e  d i rec t ive  for such  a s y s t e m  - on ly  
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d ive r s i t y  and  confusion.  Consider,  for example ,  t he  m e t h y l -  
s u b s t i t u t e d  c o m p o u n d s  r ep re sen t ed  b y  s t r u c t u r e s  1 - IV.  

C o m p o u n d  I (R ~ CH~) has  been  va r ious ly  ca l led:  
4(or 5) -methyl -5- (or  4 ) - f l -aminoe thy lg lyoxa l ine  2, 4(5)- 
m e t h y l h i s t a m i n e m  4, 4 (5 ) -me thy l -5 (4 ) - aminoe thy l imida -  
zole 5, 5 - m e t h y l h i s t a m i n e  6, 4 - m e t h y l h i s t a m i n e  v, s, 2-(5- 
me thy l -4 - imidazo ly ] )  e t h y l a m i n e  9. A m b i g u i t y  arises be- 
cause  t he  c o m p o u n d  is t a u t o m e r i c  a n d  can  be r ep r e sen t ed  
b y  a n  a I t e r n a t i v e  s t r u c t u r e  I I  (R = CH~); us ing  t he  
I U P A C  rule  t h a t  t he  n i t r ogen  ca r ry ing  t he  h y d r o g e n  a t o m  
is n a m e d  pos i t ion  1, t h i s  c o m p o u n d  can  be l eg i t ima te ly  
n u m b e r e d  in two ways.  C o m p o u n d  I I I  was  or ig ina l ly  
n a m e d  as 1 -methy l -4 - f l - aminoe thy lg lyoxa l ine  1~ a n d  be- 
came  1-methyl -4-f l -aminoethyl imidazole11.  S u b s e q u e n t l y  
SCHAYER and  KARJALA 12 devised  a h i s t a m i n e  nomenc la -  
t u r e  w h i c h  iden t i f i ed  i t  as 1, 4 - m e t h y l h i s t a m i n e .  However ,  
o the r s  h a v e  descr ibed  i t  s i m p l y  as m e t h y l h i s t a m i n e ,  1- 
m e t h y l - h i s t a m i n e  13-1~, or 3 - m e t h y l h i s t a m i n e  16, 7, s. A dif- 
f e r en t  k i n d  of a m b i g u i t y  arises now because  c o m p o u n d  
I I I  m a y  be  confused  w i t h  a n o t h e r  r i n g - N  m e t h y l  der iva-  
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r ive  (IV) which  has  also been  cal led 1 - m e t hy l h i s t an l i ne  v, s 
or 3-methylh is tamine~% ~s; indeed,  VAN DER MERWE a re- 
ferred to ' b o t h  isomers  of 1 - m e t h y l h i s t a m i n e ' .  As shown  
b y  these  above  examples ,  severa l  m e t h o d s  of nomenc la -  
tu re  h a v e  been  used a n d  t h e r e  is no  one genera l ly  ac- 
cep ted  pract ice .  I n  no case h a v e  we found  a n  e x p l a n a t i o n  
a d v a n c e d  in f a v o u r  of a p a r t i c u l a r  n o m e n c l a t u r e  t h a t  
would  serve for guidance .  A n o m e n c l a t u r e  is r equ i red  t h a t  
is logical, s imple  a n d  u n a m b i g u o u s .  E a c h  possible  subs t i -  
t u t i o n  s i te  needs  to  be  u n i q u e l y  ident i f ied.  There  are two 
special  p rob l ems  to overcome,  these  are :  1. t he  equ iva-  
lence of t he  two t a u t o m e r i c  fo rms  resu l t ing  in two s t ruc-  
tu res  and  p o t e n t i a l l y  two  n a m e s  for t he  same  compound ,  
and  2. t h e  non -equ iva l ence  of t h r ee  n i t rogen  a t o m s  where-  
b y  a n y  s y s t e m  m u s t  d i s t i ngu i sh  t he  th ree  d i f fe ren t  com- 
p o u n d s  t h a t  can  be der ived  f rom n i t rogen  subs t i t u t i on .  

I t  is usual  to  d i f f e ren t i a t e  be t w een  t he  s u b s t i t u t i o n  s i te  
in a r o m a t i c  r ings  a n d  those  in a l ipha t i c  c a r b o n  chains .  
For  h i s t amine ,  t h e  pos i t ion  of a s u b s t i t u e n t  can  be iden t i -  
f ied us ing  t h e  n o m e n c l a t u r e  of t he  imidazole  r ing  or t he  
e t h a n e  chain.  I n  t h e  s y s t e m a t i c  imidazole  n o m e n c l a t u r e  ~9, 
t he  imino  n i t rogen  a t o m  (the one ca r ry ing  a s u b s t i t u e n t  
group - wh ich  m a y  be  h y d r o g e n  is ass igned  pos i t ion  I and  
t he  o the r  r ing  a t o m s  are  n u m b e r e d  ser ia l ly  in  a way  t h a t  
ass igns  t h e  smal l e s t  poss ible  n u m b e r ,  3, to  t he  o the r  n i t ro -  
gen a t o m ;  t h e  pos i t i on  of t he  a m i n o e t h y l  s ide -cha in  is 
exp l ic i t ly  s t a t e d  a long w i t h  a n y  o the r  subs t i t uen t s .  Thus  
s t r u c t u r e  I I I  is 1 -me thy l -4 - ( aminoe thy l ) imidazo le ;  th i s  
n a m e  is u n a m b i g u o u s .  However ,  w h e n  we use t he  n a m e  
' h i s t a m i n e '  t he  pos i t ion  of t h e  a m i n o e t h y i  s ide-cha in  is 
no longer  specif ied a l t h o u g h  we can  st i l l  locate  o the r  
s u b s t i t u e n t s  us ing  t he  imidazole  n u m b e r i n g .  Th i s  is t h e  
root  cause of t he  diff icul ty .  S t r u c t u r e  I I I  is a 1-methyl-  
imidazole,  so is s t r u c t u r e  IV, b u t  t hey  r ep re sen t  d i f fe ren t  
c o m p o u n d s  and  so c a n n o t  b o t h  be  cal led 1 -me thy lh i s t -  
amine .  W e  need  some m e a n s  of i den t i fy ing  t he  pos i t iona l  
r e l a t ionsh ip  be tween  t he  a m i n o e t h y l  s ide-cha in  and  t he  
r ing  n i t rogen  a t o m s  w h e n  h i s t a m i n e  n o m e n c l a t u r e  is used. 
SCHAYER'S sys t em ~2 does t h i s  b y  n a m i n g  c o m p o u n d s  I I I  
and  I V  as 1, 4- and  1, 5 -methyl -  h i s t a m i n e s  respec t ive ly ;  
th i s  has  m u c h  to c o m m e n d  it. I t  is u n a m b i g u o u s  a n d  
easy to use b u t  i t  has  t h r ee  shor tcomings ,  v iz :  1. b o t h  
c o m p o u n d s  are  some t imes  refer red  to  as 1 -me thy lh i s t -  
amines ,  w h i c h  is confus ing ;  2. t h e  n o m e n c l a t u r e  could be 
e x t e n d e d  to a c c o m m o d a t e  a second m e t h y l  s u b s t i t u e n t  
b u t  i t  loses c la r i ty ;  3. t h e  n i t rogen  a t o m s  are no t  iden-  
t i f ied pe r  se so t h a t  in  genera l  one has  to  refer  to  ' t he  ni- 
t rogen  a t o m  a d j a c e n t  to, or r e m o t e  from, t he  s ide-chain ' .  

To avo id  these  diff icul t ies  t h e  s ide-cha in  can  be loca ted  
numer ica l ly ,  e i t he r  4 or 5, b y  conven t ion ,  i r respec t ive  of 
n i t r o g e n  subs t i t u t i on .  If  i t  is loca ted  a t  pos i t ion  4, t h e n  
c o m p o u n d  I I I  on ly  is n a m e d  1 - m e t hy l h i s t am i ne .  This  
leads to  a c o n t r a d i c t i o n  w i t h  t he  b i o c h e m i s t ' s  nomenc la -  
t u r e  ~~ widely  used for  h i s t i d ine  since, b y  t h i s  naming ,  
1 - m e t h y l h i s t a m i n e  would  arise b y  d e c a r b o x y l a t i o n  of t he  
c o m p o u n d  refer red  to  b y  b iochemis t s  as 3 -me thy lh i s t i -  

dine.  I n  order  also to cor re la te  h i s t a m i n e  and  h i s t id ine  
n o m e n c l a t u r e  we proposedS to  i n t roduce  t he  sys tem,  al- 
r e a d y  in use for h is t id ine ,  t h a t  loca ted  t he  s ide-cha in  a t  
pos i t ion  5; t h i s  ass igned  pos i t ion  1 to  t h e  adjacei~t r ing  
n i t r ogen  a t o m  and  led us to  n a m e  c o m p o u n d  I I I  as 3-me- 
t h y l h i s t a m i n e  w i t h  t he  n u m b e r i n g  shown  in fo rmula  V. 
E v e n t s  h a v e  s ince o v e r t a k e n  us. The  n u m b e r i n g  of his t i -  
d ine  de r i va t i ve s  has  i tself  been  t he  sub jec t  of con t rover sy .  
As r epo r t ed  b y  t he  I U P A C - I U B  Commiss ion  on  Bioche-  
mica l  N o m e n c l a t u r e  21 ' t h e  p ro longed  a n d  we l l - en t r enched  
a m b i g u i t y  in  t he  n o m e n c l a t u r e  of t he  r ing  N - m e t h y l h i s t i -  
d ines  ( the chemis t s '  N-1 be ing  t h e  b iochemis t s '  N-3 a n d  
vice versa)  leads to  t h e  p roposa l  t h a t  a new t r i v i a l  s y s t e m  
for de s igna t ing  these  subs t ances  is necessary ' .  The  Com- 
miss ion  r e c o m m e n d e d  a nove l  locan t s  s y s t e m  for  h is t i -  
d ine  such  t h a t  t h e  imidazo le  N nea re r  t he  s ide -cha in  re- 
s idue is des igna ted  pros  ( symbol  ~) a n d  t he  one  fa r ther ,  
tele ( symbol  z) as in  VI .  Th i s  r e c o m m e n d a t i o n  is now in 
p rac t i ce  (e.g.22); i t  would  seem to  p rov ide  a compel l ing  
basis  a n d  be  a m o s t  logical  way  of so lv ing t h e  h i s t a m i n e  
p rob lem.  B y  d i rec t  ana logy,  c o m p o u n d  I I I  would  be tele- 
m e t h y l h i s t a m i n e  or N * - m e t h y l h i s t a m i n e ,  i t s  i somer  (IV) 
would  be  p r o s m e t h y l h i s t a m i n e  or N ~ - m e t h y l h i s t a m i n e .  
Th i s  s y s t e m  would  h a v e  t he  a d d e d  a d v a n t a g e  of corre la t -  
ing t he  n o m e n c l a t u r e  b e t w e e n  h i s t id ines  a n d  t h e i r  decar-  
b o x y l a t i o n  p roduc t s ,  t h u s  t e l e m e t h y l h i s t i d i n e  on decar-  
b o x y l a t i o n  would  fu rn i sh  t e l e m e t h y l h i s t a m i n e .  A d d i t i o n a l  
s u b s t i t u e n t s  in t he  r ing  can  be  a c c o m m o d a t e d  b y  com- 
b in ing  t h i s  r e c o m m e n d a t i o n  w i t h  our  p rev ious  proposalS.  
I t  follows t h a t  t he  r i ng -ca rbon  a t o m  b e t w e e n  t h e  two  
n i t rogen  a t o m s  is pos i t ion  2 ( this  has  no t  been  a sub jec t  
of con t rover sy )  a n d  t he  r e m a i n i n g  free pos i t ion  is 4. B y  
t h i s  sys tem,  s t r u c t u r e s  I a n d  ! I  (R = CH3) r ep re sen t  t he  
two t a u t o m e r i c  fo rms  of 4 - m e t h y l h i s t a m i n e .  C o m p o u n d  
v i i ,  w i t h  two  r ing  subs t i t uen t s ,  is cal led N ~, 4 -d ime thy l -  
h i s t amine .  

For  t he  n a m i n g  of s ide -cha in  s u b s t i t u t e d  h i s t a m i n e  deri- 
va t i ve s  we h a v e  to  i den t i fy  t h e  c a r b o n  skele ton,  wh ich  in 
th i s  case is e thane ,  a n d  n u m b e r  ser ia l ly  t h e  c a r b o n  a toms .  
W e  can  choose n u m e r i c a l  (1 and  2) or a l p h a b e t i c a l  (~ a n d  
fl) conven t ions .  The  use of n u m b e r s  1 and  2 in t h e  side- 
cha in  would  i n t roduce  an  a m b i g u i t y  since t he  r ing  also has  
a 2 pos i t ion  the re fore  we sugges t  us ing  the  Greek  le t ters ,  
c~ a n d  ft. Th i s  conforms  wi th  e s t ab l i shed  pract ice ,  b o t h  for 
h i s t a m i n e  a n d  h i s t id ine .  The  c a r b o n  a t o m  a d j a c e n t  to  t h e  
a m i n o  group is cal led t he  a-posi t ion,  t he  o the r  c a r b o n  a t o m  
is /3. Fo r  example ,  V I I I  (R~ = CH3) is ~ -me thy lh i s t -  
amine  6, 23 a n d  V I I I  (R~ = OH) is f i - hyd roxyh i s t amine  2a. 
S u b s t i t u e n t s  on  t he  s ide -cha in  a m i n o  group  h a v e  in t he  
pa s t  been  ass igned  the  pref ix  N- or N a-.  The  l a t t e r  des- 
i gna t i on  should  now be p re fe r red  since i t  d i s t ingu ishes  
pos i t i ve ly  t h i s  n i t rogen  a t o m  f rom the  r ing  n i t r ogen  
a t o m s ;  i t  i m p a r t s  a u n i t y  to  t he  n o m e n c l a t u r e  s ince each  
n i t r o g e n  a t o m  is now un ique ly  iden t i f i ed  b y  a Greek  l e t t e r  
as superscr ip t .  S t r u c t u r e  v i i i  (R~ ---- R~ = CH3), for 
examp le  is Na ,  N ~ - d i m e t h y l h i s t a m i n e ~ , ~ .  These  pro-  

15 J.-L. PARROT and ~. MORDELET-DAMBRINE, in Histamine and 
Anti-Histamines (Ed. M. ROC~A E SILVA; Springer-Verlag, New 
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Medicine, 3rd Edn. (Ed. J. R. DIPALMA; McGraw-Hill 1965), p. 765. 
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London, page 196, (1960). 

20 K. HOFMANN, Imidazole and its Derivatives (Interseience, New York 
1953), p. 188. 

21 IUPAC-IUB, Commission on Biochemical Nomenclature, Recom- 
mendations (1971); Biochem. J. 126, 773 (1972). 

22 R. BURGUS, in Annual Rep. in Med. Chem. (Academic Press, New 
York 1972), Vol. 7, p. 195. 

2a R. R. ISON and A. F. CASY, J. reed. Chem. 73, 1027 (1970). 
~ M. BERNABs and A. BUROER, J. reed. Chem. ld, 883 (1971). 
25 R. MECHOULAM and A. ]-tlRSHFELD, Tetrahedron 23, 239 (1967). 
~6 V. 1 c'. GERMAN, J. Pharm. Sci. 60, 495 (1971}. 
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posals  are  s u m m a r i z e d  in f o rmu la  I X ;  c lear ly  t h e y  are 
app l icab le  to  a n y  s u b s t i t u e n t s  27. 

t?dsumd. U n  sys t~me de n o m e n c l a t u r e  t r iv i a l e  des 
h i s t a m i n e s  subs t i tu6es  est  propos6.  Les pos i t ions  des 

s u b s t i t u a n t s  son t  ident i f i6es  sans  a u c u n e  a m b i g u i t 6  d a n s  
la formule  IX .  Le n o y a u  p e u t  ~tre subs t i t u6  en pos i t ion  
N~, 2, N * . e t  4, e t  la cha lne  la t6ra le  en pos i t ion  N~, ~, e t  ft. 

j .  w .  BLACK an d  C. R. GANELLIN 
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PRO EXPERIMENTIS 

A S imple  L o w - C o s t  T e n s o m e t e r  for B io -Mater ia l s  

I t  has  become  a p p a r e n t  ove r  r ecen t  years  t h a t  a need  
exis ts  to  a u g m e n t  b iochemica l  and  s t r u c t u r a l  s tud ies  of 
biological  ma te r i a l s  w i t h  accura te  m e a s u r e m e n t s  of t h e i r  
mechan ica l  p roper t ies .  The  r e q u i r e m e n t s  of sys t ems  for 
mechan ica l  t e s t i ng  of po lymer i c  f ib rous  ma te r i a l s  h a v e  

Tensometer showing various features mentioned in text. A, specimen; 
K, pneumatic grips. Insert: specimen of regenerated chitin in pro- 
cess of fracture. 

Tes t ing  

been  rev iewed b y  BUTTERWORTH an d  ABBOTT ~. Com- 
merc ia l  devices  exis t  for these  m e a s u r e m e n t s  b u t  t h e y  
are expens ive  a n d  suffer  f rom t h e  def ic iency of h a v i n g  
been  des igned for use w i t h  samples  wh ich  are of ten  large 
an d  s t rong  c o m p a r e d  w i t h  ava i l ab le  biological  specimens.  
The  i n s t r u m e n t  descr ibed  be low overcomes  these  diffi- 
culties, an d  i ts  co n s t ru c t i o n  is well  w i t h i n  t h e  ab i l i ty  of 
a n y  c o m p e t e n t  m a c h i n e  shop.  

Basical ly ,  t h e  t e n s o m e t e r  (Figure) consis ts  of a s t r a i g h t  
op t i ca l -bench  (P) h a v i n g  an  accu ra t e ly  g round  t r i a n g u l a r  
cross-section.  A 6 m m  t h i c k  steel  p l a t e  (Q) ca r ry ing  an  
e lect r ica l ly  d r iven  m i c r o m e t e r  screw s y s t e m  is f i rmly  
p i n n e d  an d  screwed to one end  of t h e  f la t  u p p e r  face of 
t h e  op t i ca l -bench  an d  a saddle  (L) ca r ry ing  a force 
t r a n s d u c e r  (M) is free to  move  over  t h e  r e m a i n i n g  length .  
The  saddle  fi ts t h e  profi le  of t h e  op t i ca l -bench  accu ra t e ly  
an d  can  be  locked f i rmly  in to  pos i t ion  b y  m e a n s  of two  
large screws wh ich  press  in to  a groove on  one of t he  
faces of t h e  op t ica l -bench .  All  l oad -bea r ing  c o m p o n e n t s  
are co n s t ru c t ed  of mi ld  steel  a n d  are des igned for m a x i m u m  
r igidi ty .  The  whole  device  can  be m o u n t e d  e i the r  ve r t i ca l ly  
on a wal l  or hor izon ta l ly ,  as required .  

A smal l  i n t e g r a t e d  gea rbox  an d  revers ib le  s y n c h r o n o u s  
m o t o r  (D) ( type Mul tur ,  E. H a l s t r u p  an d  Co., K i rch-  
zar ten ,  W. G e r m a n y )  h a v i n g  10 pre-se t  a d j u s t a b l e  
speeds b e t w een  0.0t  an d  10 rev / in in ,  dr ives  a 12 rnm 
d i a m e t e r  screw (C) h a v i n g  16 t u r n s  pe r  cm wh ich  is 
s u p p o r t e d  f i rmly  b e t w een  two  20 m m  O.D.  t h r u s t  
bea r ings  (F.A.G., Schweinfur t ,  W. Ge rmany) .  These  
al low the  screw t o  t u r n  r e l a t ive ly  freely whi le  p e r m i t t i n g  
negl igible  l a te ra l  d i sp lacement .  T h e  ex tens ion  of t he  
spec imen  is p roduced  b y  t h e  ac t ion  of t h i s  screw on one 
of t h e  c ros s -members  of a f r ame  (J) wh ich  slides freely in 
4 b rass  bea r ings  (E) accu ra t e ly  m a c h i n e d  to s u p p o r t  i ts  
l o n g i t u d i n a l  member s .  The  motor ,  t h e  suppo r t s  for t he  
t h r u s t - b e a r i n g s  (13) an d  t h e  4 b rass  bea r ings  are  m o u n t e d  
r ig id ly  on to  t h e  s teel  p l a t e  wh ich  is in  t u r n  a t t a c h e d  to t he  
op t ica l -bench .  M e a s u r e m e n t  of d i s p l a c e m e n t  is effected 
b y  a l inear  va r i ab l e  d i f fe ren t ia l  t r a n s f o r m e r  h a v i n g  a 
5 m m  l inear  response  region ( type  175 XSA,  Shaevi tz ,  
P e n n s a u k e n ,  N.J . ,  USA),  whose  p l u n g e r  is a t t a c h e d  to  an  
a d j u s t a b l e  a r m  (R) c l amped  on to  t h e  s l id ing  frame.  The  
body  of t h e  va r i ab l e  t r a n s f o r m e r  (H) is m o u n t e d  on a car-  
r iage (N) a t t a c h e d  to a m i c r o m e t e r  screw gauge.  This  
l a t t e r  device  enables  t h e  zero of t h e  s y s t e m  to  be set a t  
a n y  poin t .  

The  m o t o r - g e a r b o x  opera tes  a t  a d j u s t a b l e  p re -se t  
speeds a n d  r e m o t e  con t ro l  is used to min imize  m e c h a n i c a l  

1 G.A.M. BIJTTERWORTIt and N. J. ABBOTT, J. Materials 2, 3 (1967) 
487-518. 


