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PREFACE TO THE FIRST EDITION. 

The idea of using short bases for topographical purposes was first put forward by 
Dr. J. de Graaff Hunter, ma., ~c.D., F . I u ~ ~ . P . ,  in notes circulat,ed to the Directors of Survey 
Circles nnder Geodetic Branch letter 5151165 dated 11th August 1925. The type of short 
base therein suggested consisted of a single span of the measuring tape, pulled taut  by means 
of a simple straining device between posts, the tension of the tape being tested by a spring 
balance. Further experiments led to the evolution of the "Hunter Short Base" in its 
present form, in which the tape is suspended in 4 sections on posts, each section being one 
chain in length. This pattern of short base has been tested on the Frontier and found 
satisfactory. The explanations in this booklet are derived from Dr. Hunter's original notes 
and some notes by Major E. A. Glennie, D.s.o., R.E. They have l~een revised and compiled 
by me in a form suitable for the use of R.A. Survey Sections and Survey Officers in the field. 
Mr. R. B. Mathur of the Observatory Section of the Computing Office carried out the compari- 
son of the tapes and assisted in preparing the diagrams and reading of the proofs, and 
Mr. A. Francis of the Photo-Zinco Section carried out the reproduction. 

DEHILA D ~ N ,  
18th August,, 1928. 

C. M. THOBIPSON, MAJOI~, I.A., 

Sn~erintendent, Survey of India. 

PREFACE TO THE SECOND EDITION 

The first model of the Hunter Short Base was found rather fragile for field work, 
ancl various changes were suggested by Major E. 0. Wheeler, N.C. R.E., Officer Commanding 
'E' Company. These and other improve~ne~ite have been incorporated in a second model to 
which this booklet has been adapted. The revised compilation has been undertaken by 
Mr. H. C. Banerjea, B.A. 

DEHRA DUN, 
14t,h Mny, 1931. 

F. J. M. KING, Li7.-C'OI.ONEL, R.E., 
Direct,or, Geo~lrt~ic Branch. 
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LIST OF PARTS AND TOOLS WITH THE SHORT BASE 

Johtecl steel tape 264 f t  . long on drum. 
( in canvas case ) ... . . .  

Posts A and B with tripod heads ... 
Post C with tripod head ... ... 
Posts P. Q and R ... ... 
Weight . ... ... ... 
Small targets A.. B (fixed on lever of post B) 

and D ... ... . . .  

Big targets A? and C ... ... 
Metal rods with socket joints (in a tube) ... 

... Tliermoineter ... ... 
Scale and Dividers ... ... 
Box (in cat~ras case) . . .  ... 

Ruclr sacks ... . . .  ... 

For measuring ... . . .  
... End supports . . .  

Support for target C ... ... 
Int. ermecliate supports ... ... 
For lever oil post B . . .  ... 

For close observation and for observing 
slope . . .  ... ... 

For base extension ... ... 
Supports for target D ... ... 

. . .  For t. aking temperature of tape 
For measuring terminal and interme- 

diate Iinlis of tape ... ... 
To cont'ain the t. ripod heads. targets. 

weight. theromometer. scale and 
clividers ... ... ... 

To contaitl the posts and tube with pins 





THE HUNTER. SHORT BASE 

1. Int roduct ion . -This  apparatus is useful in time of mar or under circumstances in 
wllich triangulation cannot be connected to  a geodetic framework, or where topographical 
tria~lgulation is carried a long may without any check on its sides. 

It will provide a base of sufficient accuracy for transfrontier triangulation, or  triangu- 
lation with an expeditionary foice or boundary commission. It may also be used as a subtense 
for traverse operations. 

I t s  advantages are :- 
(1) One observer with menial help can set i t  up. 
(2) It carries its own marks and so saves labour and errors of transfer. 
(3) It avoids the need for line clearing, and is workable on sloping, undalating 

or broken ground. 

2. Description.-The apparatus consists of a jointed steel tape made up of four 
sections, with swivel junctions a t  one chain intervals, the total length being four chains 
(264 feet) approximately. Each one chain sect~on is painted with a distinctive colour (red, 
white, blue 01. green) for a length of one link a t  either end, and the whole tape is rolled on a 
drum. Generally the whole length of the tape will be extendcd and supported, not only on 
the tcnninal posts A and B but on the intermediate posts P, Q, R a t  intervals of one chain (see 
t l ~ e  general diagram a t  end). Occasions may arise, however, when the ground admits of 
only tmo 01 three sections of the tape being used, or when the whole tape has to be slung 
across a ravine nit11 only the cnd supports. 

/ 3. End Supports.-The eucl supports A mld B of tlle steel tape are each made of 
three mooclcli posts 1 inch in diameter and about 3 feet in le~tgth,  made stable with a canvas 
bag fillcd up \\it11 stones. The two tripods are placed with tlie lonqest post under the tape. 
The tilpocl 11c~:tds of A aiid B are slipprcl on and are each clamped with two set screws. 
(The fitting of thrse parts admits of use mith rough improvised posts). T h ~ s e  supports can b* 
disti~lqaisl~ctl by thcir painting and letters, A being red and B green. B, ill adtlition, has a 
cletacllnble bell crn~llc mith a target, fixed on its top by means of a pin. A has a hook 011 

top to mhich tlie 1.1.d end of the tape is attached while th~: green cnd of the tape is tixed tc, a 
silnilar hoolc with B. 

A wcifillt Iloolcs on to the long arm oE the bell crank of B in order to apply the proper 
~ C I I S I O I I  to  the tap(. when hanging in catcna~.y. Tliis t e ~ ~ s i o n  (about 12  11). for a tape of 0.002 
square inches cross-section) is equal to that  given to the tape AB on the flat a t  the time of i ts  
standartlisatio~l a t  Dehra DI~II .  The exact weight used varies with tapes of different cross- 
sectio~~s,  ill older that t l l ~  ca t~na ry  correction (Table B )  may be constmlt for all tapes. The 
a ~ l n o l ~ r i a t ~ l  w ~ i g h t  is stated in T a l ) l ~  A and other weights must not be used. I n  order to  
a1q)l.y this t wsion corr~ctly,  wheil Ilanging iu catpllary, the bell craulr on B is made rougllly 
h o r i z o ~ ~ t ~ ~ l  hy p a l l i ~ ~ g  the ]roll tripod l i ~ a d  I I ~  or down and clamping i t  ill position. 

4. Post C.-Post C for target C is similar ill col~structio~l to  post A witliout t he  
cn1lva.s Li1g or m1p hoolc or pill. 

5. Intermediate Posts.-Ench of the i11tt3rm~diate posts P, Q or R consists of two 
jointed wootle~l rotls similar ill size to A with a pill 011 top, which passes through a hole in 
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the small oblong brass double swivel between the junctioll links of the tape. The pin further 
serves to carry target D on the three metal rods with socket joints, for observing the slope. 

6. Targets.-There are five targets supplied with the base, viz. 3 small targets A,, 
B, (size Y" x 2") and D (size 2" x I"), ancl two large targets A, and C (size 8" x 5"), made of 
sheet tin and painted diagonally black and white. Targets A,, A, ancl C each fix by means 
of a slot and hole to rivets on posts A and C, the lettering on post A showing the positio~ls 
where the targets A, and A, should be attached, A, being put 011 the encl away from the tape 
and A, on either side. Target B is painted on the bell crank. Target D can be fixed in 
turn on the intermidiate post P, Q, R or on A and B. 

7. Setting up the base.-The setting ~ i p  of the base ancl the use of the targets 
are more fully explained in the instructions which follow, which are primarily concernecl with 
the cnse mhen the tape is in f o ~ w  sections, supportecl a t  each chain length (see the general 
diagram at  end). 

8. Setting up post A.-Take the tripocl marked recl and spreacl i t  so that  the 
longest rod is towards the proposed lay-out of the base i.e. towards B. Talre its head, slip i t  
on the longest rod and p ~ l t  i t  so tha t  the hook is also towarcls B. Fill the canvas bag with 
stones to make i t  stable. Next, attach the red end of the tape to the hook and unreel the 
whole tape from its drum along the grouncl in the required direction, holding the tape clrum 
by the leather strap, so that  the tape uliwincls freely without kinking. 

9. Setting up post B.-Take the green tripod ancl spread i t  so that  the longest 
rod is towards A. Talre its heacl with the lever attached and slide i t  over the longest rod. 
Clip B on to the green end of the tape. Fill the bag with stones, and put the weight a t  the 
far  end of the lever, which should point away from A. 

10. A d j u s t i n g  Tension.-Correct tension on AB will be applied when the bell 
crank on B is horizolrtal. I t s  final adjustmellt is made by clamping i t  a t  the correct height, 
after the intci.mecliate posts have been set up (see para 11). Great accuracy is unnecessary. 
It is suficient if the crank looks approximately ho~izontal. 

11. Setting up Intermediate Posts P, Q and R.-Now if the poullcl permits, 
set up the interm~diate supports between the sections of tape (see para 5) .  These should be 
aligned by eye on AB. 

12. S e t t i n g  up small targets A, and B.-Small target A, fastens by lnealls 
of a slot and hole to projecting rivets on either sicle of post A ( see para G ), while target B 
is pai11tc.d or1 the l~el l  crank of post B. 

13. Setting up t a r g e t  D.-The small target D which is int~ndecl for observing 
the slope of the sections of the tape is a p t  up on one of the three metal rods proviclcd for the 
purpose, which fit one into the othcr, the last fitting on tops of the pins a t  the h t d s  of posts 8, 
P, Q, R or R. The height of the target itself is set by means of a set screw a t  such a l~oint  
on the metal rod that  when placed on A i t  is a t  the same height abovc the tape as the 
horizontal axis of the theodolite. 

14. Setting up b i g  targets A, and C.-The two targc.ts A? ant1 C are used when 
carrying out hast. ex t rns io~~.  Target A, is fitted to the pair of rivets on thc sldc of post A 
opposite to the tape I)y means of a slot and hole. Similarly targct C! fastthns on the only pair 
of rivets OII the heacl of post C, mhich is eet up nearly 011 a line a t  right a n g l ~ s  to the short 
base AB at  a distance of 400 to 1,000 yards. 

15. Measurement of  the junction and end links.-As the junctio~l ancl 
end linlis of the ta re  are linhle to elight exte~~sion uncler rough use, they should be m~asured 
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occasionally. The measurement shoulcl be taken between the terminal marks a t  the end of 
each tape in case of the junction links, and between the terminal marks and the centre of 
the pivots of the hooks on posts A ancl B in the case of the end links, by means of the scale 
and dividers provider1 for the purpose. The scale is graduatecl to 1,000ths of a foot. 

16. Taking temperature r e a d i n g s  o f  tape.-As the base is standardisecl a t  
90' F (see Table A ) ,  the temperature of the tape is wantecl when measuling the small 
angle a a t  C (see para 18 ). For this purpose i t  will be sufficient if the air temperature in the 
shade is taken a number of times a t  C ancl the mean of the reaclings taken when applying the 
teln~eraturc correctioil from Table C. To avoid appreciable difference of tempelature between 
the tape and the air and also for favourable measureine~lt of the angle ACB i t  is preferable to 
observe the base on a dl111 clay or early in the morning or late afternoou. It may be added 
that  ml error of 6" F ill the temperature of the tape mill cause an error of 1 : 20,000 in the 
length of the short base. 

17. Marking Sites o f  A, B and C.-It is esselltial to  use the sinall targets a t  A 
a ~ l d  B when measuring the s~nal l  angle a (see para 18). I t  mill be understood that  the object 
of marking the sites of A, B and C is only for subsequent operations. 

P u t  a peg flush with the ground, centre a theoclolite over i t  and erect the post A so 
that  its target is centred ulicler the theodolite. Alternatively, the target may be centred over 
a peg by means of a plumb bob before filling the bag with stones, but ill this case i t  is liable 
to be disturbed wllell fixing the other extreme end of tape to B :  whereas, with a theodolite a t  
A this call be checked and correctecl, if required. It is not necessary to mark the position of 
B unless the base is extended from B, in which case post B is marked as above while A is left 
unmarked. Similarly, the site of C is marked with a peg after the small angle a has been 
measured. 

The pegs are driven flush with the ground so that  helios instead of targets may be put 
over them, if necessary, when observing angle fl  from D (see para 18). 

18. T h e o r y  and use o f  the Appara tus . -By means of the apparatus a base call 
be rapidly fixed between two points A ancl B on almost any type of glound. Prefelably the 
base should not 11e set up on a slope over 203, for ill this case the slope of each section requires 
clirect measurement and callnot be easily declurecl by the niethocls given below. The short 
base AB should not be set up iil~til the site for post C has been selected, as i t  is csse?ltial 
that  the small angle a ( see figure below) is ~neasurecl with the small targets a t  A and B. 

The f i ~ s t  theodolite. mcasurment is that  of the slopes of AP, A&, AR, AB as me~ltionecl 
in para 13. This is clone iminecliately aftcr the base is erectecl. Data are then sufficient to  
compute the precise distance between the two targets A and B except for the tempe~.ature 
correction which will be deduced from the mean temperature observed (see para 16 ). 
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I n  the figure, CA may be any distance from 400 to 1,000 yards roughly a t  right angles 
to  AB, and DA from 1 to 64 miles according to the length of CA, nearly in the same line as 
BA. Grazing rays ( i. e. rays passing within 20 feet in height above intervening ground ) 
should be avoided in the case of CD and AD. If the ground admits, thegoint  C may be 
chosen on an elevation so that  the rays CA, CB are well above the intervening ground. 

Next, with the theodolite still a t  A, measure the angle BAC, lreeping the large target 
at C facing towards A. As this angle will be nearly a right angle a beacon or flag a t  C may 
alternatively serve the pnrpose. Again, if the site for statmion D has been selected and 
marked with a beacon, the angle CAD will also be observed. If not, the angle ACD may be 
measured subsequently instead of the angle CAD. 

Now move the theodol~te from A to C and observe the angle a with targets a t  A and B 
by the method of repetition ( see para 19 ). 

Similarly, the small angle fi  a t  D is observed by repetition with the targets a t  A ancl C. 
But if the targets are not visible, helios may be put a t  A and C; or beacons may have to serve 
this purpose, although they are likely to introduce some recluction in precision, due to 
oentring dificulties. 

The extension being from a short base, the angles a and fi  will be between 5O and 12O. 
The smaller the angles the more measures are made by repetition in the manner described in 
para 19, the rule being to measure round the limb 180°. The rest of the angles of the figure 
are of minor importance and normally only two measures are made of the angles DAC and 
CAB. The angles D C h  and ABC are not generally observed. If three angles of a triangle 
are observc.d (which is quite unnecessary) no share of the triangular errors must be distribn- 
ted to the small angles a and P. 

19. M e t h o d  o f  measuring small a n g l e s  by repeti t ion.-I t  is necessary to 
measure the s~nall  angles with higher accuracy than is usual with the ordinary angles of trian- 
gulatioll. This is done by measurillg them by repetition round the whole circle thus eliiniila- 
ting gradrr;~tion error, and without reading the limb a t  each intersection. By this method the 
error shorrltl nnt exceed 1 in 20,000 for the sides DC or DA, even with a vernier theodolite, 
proritled it has two qood clamps, a fine vertical wire, a rigid staild, and a freely moving axis. 
The hc,rizontnl collimation and the levelling of the transit axis of the theodolite shoulil be 
correct to al,c,ut half a minute. The actual procedure is as follows :- 

( r r )  Uirclamp the upprr plate of the theodolite, set it  to 0' approximately a.nd 
rlarnl~ it again. 

( I , )  Unclamp the lower plate ancl intersect the left halicl target A with the lower 
ta~lgcllrt screw. Unclamp thp upppr plate a11d rotate the theodolite several times to  
talifl up bark-lash, reclarnp the upper plate, intersect with the upper tangent screw and 
read the limb. 

( c )  Unclaml> thc~ upphr  platc, point a t  target B, clamp and intcisect with the 
ui,lw~r tanpcnnt screw. Rratl thp limb anrl take oiit this first lneasurc of thc suhtendrtl 
nirc11.. which will 1)e a checlc agaillst ~'rofis errors later. It is not essential to read 
t11,- limb again until tho whole series of i~ltersections has been completrd, 1)ut as a 
C.~a~. i l  against l)l~inticr it is wisp to record reacli~lgs aftcr c3vcry fifth repetition. 

( ( 1 )  Ullclamp the lowrr platc1, swi~rg right rnunil the circle ( n ~ a r l y  : ) G O " )  on to A 
(irl~tt3arl of swinging backwards) clamp alrtl iirtrrsect with the lowcr t a n g ~ l l t  screw. 

( c )  Repeat ( c )  ant1 ( ( 1 )  a su f i c i~n t  number of times, RO that  finishing on B the 
rc~nrling of thc. limb is about 180'. Subtract the mean of the first reading taken as in 
( h )  from the mean of this final reading, and divitlc~ thr 1.e~illt l)y the 11am11c.r of 



Corrections to  Departmental Paper No. 10 (2nd Edition, 1931 ). 

Page 5. 
After para 21, add a new para ?1A as follows :- 

21A. Field Standardization. The I(~llgt11s of the four 66-foot sections of the 
tape must be verified from time to t ime:  either by returning them t o  Dehra Ddn for re- 
s t a ~ ~ d a r d i z a t i ~ n ,  or by comparing them one a t  a time with ally more trustworthy standard 
tape which )nay be locally availnblc. For this purpose i t  is necessary t o  k ~ ~ o \ v  :- 

( a )  7 he  distance between the  0 and 66-foot marks on the standard tape, ill 
catenary, under a specified tension, and a t  a specified te~nperature.  
(Note:-An error of 1 /10  inch in 66 feet corresponds to  1 : 7920) .  

( b ) Similar information for  the  tape on the  flat ( in  case i t  is more convenient 
t o  standardize on the  ground ). 

( e ) The temperature coefficient of the tape. 
A spring balance (graduated t o  pounds)  mill be required to  strain the tape a t  the 

specified tension. 
The compa~ison may be done in catenary or  on the flat. For  comparison in catenary 

two strong posts should he driven into t h e  ground projecting from i t  to about  the normal 
height a t  which the  base-tapes hanq. The standard tape is then hung in catenary so 
tha t  its O and 66-foot marks lie on the  posts, while cor respondi~~g  ma1 ks are simultaneously 
made on the two posts. The f o w  base-tapes are then successively hung in position, one end 
being held carefully level with the  mark, nh i le  the distance bet~veen the other end and the  
corresponding mark is measured with the  dividers and scalp suppliecl with the  set. The  
standard should then be hung  in place again, to  make sure that  the  posts have not moved. 
The temperature of each tape should be noted, bu t  provided the standard is of the  same metal 
as the birse-tapes, and provided their t empe~atures  are sensibly the same, i t  is not  necessary 
to  apply any correction. For hanging the tapes i t  will prol)ably be convenient to  make use of 
the base end-supports A and B, although a piece of connecting cold will be required a t  each 
end to enable the end-supports t o  be set back from the posts. Whatever arrangement is 
employed, the  standard tape must be hung under the t e n s i o ~ ~  for which i ts  length is known, 
and the base-tapes under the tension specified in their Table A. The length of each 66-foot 
base-tape as  determined in catenary most be inc~.c.asecl hy 0 . 0 0 4  feet t o  convert i t  t o  the  
length on the  flat, which is required in the computation f o ~  In. TYhe11 a 100-foot tape is used 
for the standard, it should be suspended a t  its two ends, in such a way t h a t  the 0 and 66-foot 
marks lie on the two posts. 

I f  two theodolites are available, the driving of the posts may be avoided as  follows :- 
The tmo theodolites are set up with their axes a tape length apart.  The base encl-supllorts a re  
set up on a line roughly parallel to  the theodolite base and ahout 20 feet away, so that,  when a 
tape is hung on the supports its end-marks and the theodolite axes make a rectangle. The 
standard tape and the base-tapes arc s~icressively hung in place, and simaltaneous r e d i n g s  of 
the theot1olitt.s are  taken to the marks of each. The distance from each theoclolite axis to the  
tape al ign~nent  is measured with an ortlinary tape, and the tlifferences in the lengths of the  
tapes are readily computecl, hut care must he taken with the signs of the corrections. To 
verify tha t  the circles of the theodolites have not moved, the standard tape should again be 
I~ring in position a t  the end, 01. a distant mark may he intersected with each theodolite 
I~efore and af ter  the co~nparison. 

If good flat ground is available ( e.g. a rail, flat p n f  or 1s t  class metalled road ) tile 
compariao~is can most conveniently he done on the  flitt. Two pegs sl~oulcl be drivpn into the  
gronntl 66 f ~ e t  apart  w ~ t h  their tops almost flush wit11 the  surface ( urlless tlie surface is such 
that   fin^ marks can be madr on i t  direct ), and the sta11da1.d and hase-tapes should be succes- 
sively stretched betjiveen them under their standard knsions as before. 

C o m ~ a ~ . i s o n ~  should, if possibl~,  he carried ou t  on a cloody clay, or in the  early morning 
or late evening, to avoid temperature errors. This is especially necessary if the tapes are  laid 
o n  an iron ].ail or similar surface. 
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measures made; this gives the final value of the subtended angle, which should be 
checked against the first measure found by (c) ,  lest the number of repetitions has been 
wrongly counted, or a gross error made in reading. 
This method of repetition does not apply to the Wild type theodolites which have no  

lower plate clamps. With  such instruments each angle must be observed separately and the 
telescope swiulg round on to the left hand target for the next zero. The zeros should be 
s ~ a c e d  ulliforlnly round the circle roughly a t  0°, aO, 2a0, 3a0, etc. until 180- of the limb is 
traversed. The mean of all these angles is the final subtellded angle. 

In  all cases the theodolite telescope shoulrl be swung in one direction only until - tohe 

whole operation of repetition is completed. 

20. Further extension.-Unrler certain circumsta~icee, the base can 11e further 
extc~ncled 1)y thrce triangles as in the above figure. Thc small angles t r ,  PS. y are observed 
nccordil~g to the incthod of lel)etitiol~ (para 19)  the normal 11umber of ol~scbrratiolls being 
made of the nl~glcs EDC, DAC and CAB. If this is done the nl~gles a. p C% y ~iccd not be 
so small, nnd tlicb p~ccisioll will be greater. Othcr .c:~liations of the lay-out a ~ ~ d  extc~nsioi~s 
are rcndilp i~nngi~led. 

21. C o m p u t a t i o n  of the base. Table A.-Thib tal)lc supplied ~ i t h  each base, 
gives its exact length, as ~nc~asuled 011 the flat, with the proper tension ( s w  para. 3). The 
junction rtl~d c.11t1 1i11ks should 1)e re-measu11.11 occasion:~lly (sce para Is), and the correct 
vnlurs, as rcmeasurcrl, sn1)stituted for those enclosed by :L square ill Tablc A. TTrhell tlle full 
base is not laid out, talie the appropriate values of thc part usecl. 

22. Table B.-This tahle col~tains the catenary correctioll for the full lellgth or 
part of tho 1)ase \\ith or without illtermediate s~~ppor ts .  This correction is always negative. 

23. Table C.-This ta l~ lc  contains correctio~ls to the whole or part base l e ~ l ~ t h  for 
var ia t io~~ of trmperature, the tape being stal~dardised a t  90" F. (see Table A ) .  

24. Table D.-This table contains the correctioll factor for slope from which slope 
cor~.cctions can be take11 out. 

25. Table E.-This tablc contains the reductioll factor of the base for height above 
mean sea-level. 
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26. Reduced l e n g t h  of base.-Thus the reduced length L of the base is:- 

( I ,  its length on the flat ( from Table A ) -catenary correctiol~ C. (from Table B ) * tem- 

perature correction, C. ( from Table C )) x slope factor S ( from Table D ) x factor H for 

correction to meall sea-level ( from Table E ), i.e. 
L = ( l - C c  * ~ t ) x  S j  x H. 

Form 15 Lamb. on which bhis computation can he done is appended a t  the end of this 
booklet. The log scale factor on this form is only required if the base is being used for 
computations clirectly in terms of the Lambart Grid. 

TABLE A. 
The following is an example:- 

Lengtlts of sections of tape between mavks undev the propev tension on the pat,  and of 
intermediate jl~nction links, at 00' F. 

TAPE No. 1 

Section & colour nt  ends ~~~~~ Junction 
links * End links * I 

T]>e weight for base Tape No. 1 is 2 Ib. 0 oz. The resulting tension is 12 Ib. 

. . .  A P - R ~ ~  . . .  65 ' 752 
PQ White . . .  65.667 1 
QR Blue . . .  . . .  6.5'655 

Tli,%sr sho~ilrl be re-measured occasionally, and the  correct valurs should be substituted for those enclosed by 
the  sr(nare. 

Note.-The tension given on the flat is equal to  thnt  given hy the wpight supplied with each base. when hanging 
a t  the  end of the  bell crank. (see pnrn 3). 

o .  317 
0 . 3 2 6  
0.321 

TABLE B. 

RB Green 65.798 1 
, Target B.. . . ... ... 
I I I-- 

Catenary cmr.ection (n2zua.y~ negative). 

E m m y l c .  I3n.c. ,!f & chninq is u ~ e d  ai t l l  only one int r r lnedi~te  support n t  3 chnins; catenary correction 
= - 0 . 1 ~ -  o . w =  -o.inq feet. 

Note.--TI]" c.ltennry correction. expressed oe a fraction of total length = - (s) ', where X,=length of tape 
3 zc 

bctaecn eupport.9. and C = that  I r n ~ h  of tape whose weight iq equal to  the  teneion npplied. Thun i f  1760 feet 
of tape neighs 12 Ih. ( tho  tension), the total catenary c o r r ~ c t i  In to a four-chain base without any intermediate 

?a : 
m p p r t  = - &(r--) m ~ R I  f a t .  

1760 
= - 0.219 fe,4. 

No intermedinte 
support 

-- 

ft .  
. . .  
. . .  

-0 ' 104 
' 248 

Total length Snpporterl a t  overy Supported a t  evwy 
chain , two chains 

i I 

chrtins 
1 
2 
;J, 

4 

-. - 

.ft. 
-0 '004 

' 008 
' 012 

jl. 
... 

-0'031 
. . .  

'016 ' 062 
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TABLE C. 

Correction for ternpertrture. 

Temperature 1-chain tape I 2-chain tape I %chain 4ape I 4-chain tape 

Note.-The forinnla for the tcmpel.nt1u.e correction for thc 4-chain bnsr length is + 0.001,716 ( t  - 9 0 )  ~vllere 
t is the temperature F the tape being standardised at 90' F. and the coefficient of expansion of steel being taken as 
0.000,006.6 per degree F. 

OP 

30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 

TABLE D. 

The following are t,he possible cases :- 

f t .  

- 0.026 
'002 
'01 7 
'013 
'009 

- '004 
nil 

+ '001 
'009 
'013 

+ '017 

( I. with all inter~necliate supports. 
When the full base is used 2. with some intermediate supports. 1 a. ~vit l tni~t  any inter~nedinte support. 

4. with all int~rmecliate supports. 
When part base is used 5 .  with some intermediate supports. 

G. without any interln~diate support. 

f t .  

- 0'052 
'048 
'034 
9 2 6  
'017 

- -009 
nil 

+ '009 
'017 
'026 

+ '084 

These six cases are dealt with separately below. But it is recommended tha t  with 
both the whole ant1 part base, either all or no intermediate snpports should, if possible, be 
used, in order to simplify computation of the slope correction. 

Case 1-General case urhen the full length ( 4 - c h a i ~ ~ )  hasc is used, with all intermediate 
supports. 

- 
P. 

- 0'077 
.064 
'052 
.039 
'02 6 

- -013 
nil 

+ '013 
'026 

'03 9 
+ '062 

If slope of AP  = a, 
obtai~led 1)y thrndolite r ~ ~ d i t l g s  fro111 A to a target a t  correct 

height above the tape (sec para 13) 
AB = a, 

and slope of c.ac11 sectio~r 
AP  = P,  
PQ = P2 
QR = B, 
RB = P,  

f t .  

- 0'103 
-086 
-069 
'052 
'034 

- -017 
nil 

+ '017 
'034 
'052 

+ '069 



8 THE HTJNTER SHORT BASE 

then 81 = a1 
Ps = ?a,-al  

for slopes not greater than 6' or 1 in 10. p?, = 3a3-  2a, 
p ,  = 4a4- 3a3 

For larger slopes up to  20°, P, ancl P, must be deterlllillecl more rigorously from the 
following equat,ions :- 

sin (P, - a,) = sin (a, - PI) + sin (a, - P2) 
= 2 sin (a, - a9) cos (ag - al). 

sin - a,) = sin (a, - Pl) + sin (a, - P,) + sin (a, - P3). 
For slopes more than 20°, see para 18. 

Having obtained the values P1, P,, P, and P, the correction factor S is 

4 ( cos p1 + cos + cos P3 + cos PA). 
Expressed logarithmically, i t  may be t,aken as 

log S = 4 (log cos P, + log cos P, + log cos P3 + log cos F,). 
5-figure logarithlns will be sufficient. 

Cnse 2.-Enter t,he slope angle in two or more appropriate places and use the following 
angles in the computat,iolls as though actually observed. 

Thus :- 
( i )  When only support P is omitted, al  = a,. 

( i i )  When supports P & Q are omitted, a, = a, = a,. 

3a, + al 
(i i i )  When only support Q is omitted, a, = -. 

4 

2a, + a2 
( i u )  When only support R is omit.ted, a, = - 

3 
2a, + a 8a, + a l  

( c )  When sapports Q & R are omitted, a, = 2. 
3 

, a 3 =  -. 
9 

2a, + a, 
( ri) When supports P C% R are omitted, a, = a, ; a, = v. 3 

Cnse 3.-When all intermediate supports are omitted, the slope factor for base of any 
length ( 1 ,  2, 3 or -1 chains) is cosine of the observed slope angle. 

Cnse 4.-Same as Case 1, some angles heing omitted. Thus with 3-chain base, fill up 
e l o p ~ ~  for AP, AQ and AR (taking place of AB which is left 1)lnnk) 

For 3-chain base, log dope factor 
= 4 (log cog PI + log cos P, + log cos P,). 

For 2-chain base, this factor 
= 4 (log cos PI + log cos P,). 

Cnae 6.-Same as Case 2, some appropriate angles being omitted. 

Case 6.-Same as Case 3. 

The essential point is that  each section requires to be multiplied by cosille of the slope 
of t h ~  line joining its two t)llrle. The log slope factor of the whole base is t l l ~  mean of log 
cosinee of the slope of each section, any section of more than one chain being duly weighted 
when taking the mean. 
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TABLE E. 

Cw9-ection ,fur l~eiyld. above m e a n  sea-level. 

Height 

- 

ft. 
0 

1,000 
2,000 

3,000 
4,000 
5,000 

6,000 
7,000 
8,000 

9,000 
10,000 

Note.-The rednct~on factor is 1 - 5 .  where 11 = height of ground in fcct, and R = mean radius o f  the cavth 
R - 20.900.000 ft. 

Log correction 

- 0 000,000 
1 ' 999,979 

968 

037 
917 
896 

875 
854 
834 

813 
792 

Proportional Parts 

- 

". U U ' ~ Y . , C ~  

100 

200 
300 
400 

500 
600 
700 

800 

2 

4 
6 
8 

10 
13 
15 

17 
9 0 0  19 





DIAGRAM OF HUNTER SHORT BASE AS ERECTED 
NOT TO SCALE 

Target D 

Target A 2  
I 

Target dD-- Red end of tape 

Oblong double swivel in for aarrying metal rod 
In junction iinkn of t a p e v  fop taraet D 
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d No. I [ An 3 2  30 

1.68 00 

2 SECTION X COMPANY. DATE Flugust 1929 TIME I I A . M  

Reduction of Hwrter Short Baee (3)  
Height 3.5 00 )k. 

(1) (2) 
n ,  

Base No. 03 Tape N o . 0 3  Temperature 7 6 "F Latltude 3 3 \l 

Conprfed by I Date 5.9.29 - Checked b ,  +G 

C o ~ ~ e e t i o n  lor Temp-nton. C o m ~ c ~ i o n  for Heiylnt a h v e  C o m e t i o n  for llopr 
M. 8 L. 

H e u w d  LemLhm 
.- 

0 , .  
4 0 . 2 1  1 

30 -0.0258 -0.051d-0.1030 0 0~Ot)ooo ;?50.10-'TapeA 

6 5 . 7 4 6  

110 +0 ,0129  +0'026R +11.0515 9.000 1 -99981380017  6 5 . 8 2 6  

I30 +0 .017?  +0'0944 +11'0686 10,000 i -93Yi92900194  0.280 
Calenarg Currerlion In ally en~evgcr~cy t l ~ r  3,,5- 

- 

(1 )  Supportrd nt v r c r y  C ~ I R ~ I I  vn.llleof h e  lo&! Hns~. i l l  . )op-t t I=8;  \ ~ 5 8 3 0 ( w i t h r o r r t s i g n ) -  0 . 0 2 4  
Total l e l ~ g t l ~  Cor.rretio11 Fid may 1w taken 

- 

- -  i -- 

1 Cl~a in  - O.[l0Y!l f t .  
2 clIains -(1.11078 ,. 
3 Chains - 0 . 0 1  17 .. 
4 Chains -0 ,0155  ,, 

(1 1 ) Supported a t  erwy  2 r l~a ins  
Tutnl length Corrretion 
2 Cl~a ius  -0,0310 It. 
4 C11n.ills - 0.06151 ,, 

(11 11 Nu iuterrnodinte support 
Total IengtI  (iwrettion 
S Chnins -0.1043 f t .  
4 Cheins -0,3475 ,, 

151 
aI  = 4 3 2 , 5 O ~ a t c n i l r ~ C o m r . -  0 . 0 1 6  

B-a No.03 1.98&' Y uln= I ~ n g t  

D~~~ N ~ ,  -- i n f t h  2 6 4 . 3 5 6  - -. -. -. . - - . . . - .- 
~ - = 

I.enpth in yda. 1 88 . 1 19 ob8erved - -  

Hour T'r~, lugrou 8, T 99 9 174 loglength(yda.$ 1 9 4 5 107 
75 . 3 

1 0 - 4 0  7 6 ,  1 
Sun] 997 O G C o m . f o r h e i p h t  1 L) 9 9 9 3  

1 l - 05 16 . 7 -- 

M e a l ~  1 999,27 logscelefar tor  7 9 9 9 : 5 \  
J U ~ P I W  b a l n  

p r i d y o n ~  I 9 4 3  178 
(1) The t~mwrnture ahould he olwrved nt intervnln during the rnemIlrernent nnd the mean of all renalit~rs u d  far , .~~~ ,~~ ,a tn t ion .  
121 The lntitude muat be d lms ted  h m  the dntn urailable. 
(3) The h e l ~ h t  above menn sen-level mu& h~ estimated h m  the data ns~ilnhl~.. 
(4) Rovided a, a, a, and a. u e  not -tar then 4' (mlnute~l. the doyc rorn~cli<s~> eiln he Iflored. 
(5 )  I f  81 & 81 and 8. sre m t e r  than 6' or 1\10. Wle slom mrrertia~> #muat ly. r~tlculsted by more omeise fur~t~,~l i r .  rcc. rope B of 

Booklet of Inslructiona lor mennurement of Hunter Short Dnae. If IDnr or ?,lore supports hnro h n  omitwl r.r. m9e i r k  seg. 
of thls booklet. 

(8) These innotion lengths ahould be medsumd II there Ls srtdleient time. 

Deucription of the Bmt. 

XL bare 'IS on slopng g r o u n d  c u b i l d e  Ky norh peilmeter 3 S ~ R W E K A I  Camp. ~ n d  

lies ecuC and wad. %e earl end 'IS marked a circle and do+ cut on a burled 
04 P cai rn  SCO-es. SC other end '1s u-mnvked. 
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