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SPECIAL ARTICLE G EO D IM E TE R AND SHORT DISTANCE M E A S U R E M E N T

by Walter  W. L o r e n z

During the past three  y e a r s  we have used  the G e o d im e te r  for  a great  v a r ie t y  
of  survey  p r o j e c t s .  We have found the instrument  to be c o m p l e t e l y  r e l ia b le ,  
standing up to rugged  condit ions  and con s is ten t ly  work ing  to the a c c u r a c y  c la im e d  
by its m ak e r .  Some of our e a r l i e r  e x p e r i e n c e s  w e re  r e p o r t e d  by A.  Gibson,
O. L. S. , in an ar t i c le  published in the January 1963 i s su e  of  the "Canadian  S u r v e y o r " .

The m e a s u r e m e n t  of  short  d is tan ces  with e l e c t r o n i c  d istance  m e a s u r in g  
d e v i c e s  has always been a p r o b l e m  when high standards  o f  a c c u r a c y  w e re  to be m et .  
T r a v e r s e  legs  or  other d is tances  to be m e a s u r e d  had to be of  a m in im u m  length 
for  a cer ta in  a c c u r a c y ,  s ince the inherent  e r r o r  o f  the instrum ent  is  + 2 x 10-^ x 
D where  D is the m e a s u r e d  d istance .  The fo l low ing  l ist  ind ica tes  the e r r o r  rat io  
for  m a x im u m  instrumenta l  e r r o r  in l ines  o f  d i f ferent  length:

This m eans ,  f o r  exa m p le ,  that d is tan ces  l e s s  than 1500 feet  have to be 
avoided  when a 1 / 4 0 ,0 0 0  p r e c i s i o n  is  r e q u ir e d .

During the past half  year  we have es tab l i sh ed  a great  num ber  of  hor izonta l  
c o n tro l  points  by p r e c i s e  G e o d im e te r  t r a v e r s e s .  Even  with thorough r e c o n n a is s a n c e ,  
t e r ra in  d i f f i cu l t ies  s o m e t im e s  n e c e s s i ta te d  the introduct ion  of  c o u r s e s  shor ter  than 
p e r m i s s i b l e  by set standards and so we d e c ided  to f ind a m ethod  for  red u c in g  the 
m a x im u m  instrumenta l  e r r o r  to s om e  appropr ia te  va lue .

We used  a test range the length of  which  had been found by s e v e r a l  s e r i e s  o f  
m e a s u r e m e n ts ,  using three s tandardized  O. L. S. tapes  and o b s e r v in g  all  the 
precaut ions  of  p r e c i s e  taping. Severa l  sets  of  ten G e o d im e te r  m e a s u r e m e n t s  each,  
w ere  then taken on d i f ferent  days and under d i f ferent  a t m o s p h e r i c  cond it ions  and the 
resu lts  tabulated. The m ean  distance  by chaining was found to be 58 6 .4 8 6  feet ,  by 
G eod im eter  586 .483  feet.  The d i f f e r e n c e s  between m ean  and individual  G e o d im e te r  
d istances  w e re  tabulated. They indicated  that the ins tru m en ta l  e r r o r  is  a cc identa l  
in nature,  changing sign and magnitude at rand om .

The probab le  e r r o r  o f  any m ean  of 10 o b s e r v a t io n s  was  found to range f r o m  
0. 006 feet  to + 0. 007 feet,  the probab le  e r r o r  o f  any single m e a s u r e m e n t  f r o m  
0 .0 1 9  feet  to -f 0 .0 2 3  feet .  F r o m  these re su l t s  we can, for  any given d istance ,  

ca lculate  the number of  o b s e r v a t io n s  n e c e s s a r y  to obtain a m ean  resu l t  m eet ing  
any certa in  standard of  a c c u r a c y ,  al lowing for  a r e a s o n a b le  safety fa c to r .  Putting 
these resu l ts  to a p r a c t i c a l  test we tabulated 142 sets  o f  4 m e a s u r e m e n t s  each.  
Com par ing  the mean distance with the m ean of  each  set o f  4 m e a s u r e m e n ts ,  we 
obtained the fo l lowing  resu l ts :

5 m i l e s

500 feet  
1000 feet  
1500 feet  
1 m i le

1 / 1 4 , 7 5 0  
1 / 2 8 , 7 5 0  
1 / 4 1 , 9 0 0  
1 /1 2 1 ,7 5 0  
1 /3 0 8 ,5 0 0

Deviation No. o f  Sets

0. 000* to 0. 0 0 5 ’ 71 or  50%
0. 006'  to 0.010* 40 or  34 .5 %
0.011* to 0.015* 22 or  15. 5%



The la rge s t  deviat ion f r o m  the m ean  d istance  o c c u r r e d  in 2 sets  only out o f  
the 142 sets  tabulated and was as shown above ,  0 .0 1 5  feet .  This  m a x im u m  d e v i a ­
tion was used  to compute  the e r r o r  rat io  for  d is tan ces  f r o m  500 feet  to 1000 feet  
as shown be low .  F o r  c o m p a r i s o n  the third co lum n shows the e r r o r  rat io  for  a 
single m e a s u r e m e n t  with m a x im u m  inherent e r r o r .

E r r o r  Ratio

Using M axim um  Deviat ion Using M a x im u m  In str -
in Sets of  Four  M e a s u r e -  ment  E r r o r  in Single

Distance ments  ( P r a c t i c a l  Test)  M e a s u r e m e n t
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500 feet  1 / 3 3 ,0 0 0  1 / 1 4 , 7 5 0
600 feet  1 /4 0 ,0 0 0  1 / 1 7 , 7 5 0
700 feet  1 / 4 6 , 0 0 0  1 / 2 0 , 7 0 0
800 feet  1 / 5 2 /0 0 0  1 / 2 3 , 0 0 0
900 feet  1 /5 9 ,0 0 0  1 / 2 5 , 8 5 0

1000 feet  1 /6 5 ,0 0 0  1 / 2 8 , 7 5 0

We w ere  v e r y  ca r e fu l  to e l iminate  externa l  s o u r c e s  of  e r r o r .  Opt ica l  
p lum m ets  used on both the instrument  and the r e f l e c t o r  w e re  c h e ck e d  and adjusted  
p r io r  to the test m e a s u r e m e n ts ,  s ince  inaccurate  p lumbing tends to be the m o s t  
s evere  e r r o r  in short  d istance  m e a s u r in g .  The v e r t i c a l  angle was a lm o s t  neg l ig ib le  
in our case .  A t m o s p h e r i c  condit ions  w e re  o b s e r v e d  as usual and p r o p e r  c o r r e c t i o n s  
m ade.  Since these c o r r e c t i o n s  are  r e la t iv e ly  sm a l l  and change d i r e c t ly  with the 
d istance,  slight e r r o r s  in reading tem pera tu re  and p r e s s u r e  would be ins igni f icant  
for  short d istance  w ork .  A s  another p recaut ion  we r e c a l ib r a t e d  the instrum ent  
twice  b e fo re  the test and used  m ean  va lues  for  our c a l ib ra t io n  table .  We a lso  
checked  the instrument constant v e r y  c l o s e l y .

We fe e l  that our test  has p ro v id e d  us with another  too l  fo r  i m p r o v e d  G e o d im e te r  
m e a s u r e m e n ts  and that, done p r o p e r ly ,  short  d is tan ces  can be m e a s u r e d  e l e c t r o n i ­
ca l ly  with m uch  grea ter  a c c u r a c y  than g e n e ra l ly  thought p o s s i b l e .

This does  not mean,  h ow ever ,  that we wil l  advocate  the use of  G e o d im e te r  
for  v e r y  short  d is tances  in gen era l .  F o r  d is tan ces  under 500 feet  and w here  the 
te rra in  is suitable,  we stil l  suggest  p r e c i s i o n  chaining as the best  solution.  On 
m o r e  rugged ground we w i l l  use the G e o d im e te r  s ince  addit ional m e a s u r e m e n t s  take 
only a few minutes  extra  for  each  set,  once  the instrum ent  has been  set up.

-o[s-

ap P R  roach

Kitchener  City Counci l  " F i n d s 11 O . L . S ,  G ood  B u s in e s s

- as r e p o r te d  in the C o m m e r c i a l  N ew s.

"K it ch en er ,  Ont. - City Counci l  under M ayor  Keith R .  H ym m e n  has asked  City E ngineer  
W . L .  B ra d le y ,  P .  Eng.  , to p r e p a re  a re p o r t  on setting up o f  a survey ing  sec t ion .  Counci l  
m e m b e r s  f e e l  that em ploy ing  a fu l l - t im e  s u r v e y o r ,  with Ontario  Land S u rv e y o r  status,  
would save publ ic  f i n d s . " - Underl ining by the E d i to r .


