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P R E F A C E  

1. This pamphlet ,.ontains worked exan~ples with inatructio~u for machine mmput- 
ing of all forms norninlly recluired for triangulation. traverse end Air Survey. TIM following 
types of rotary calculnting ~nachines may be wed :- 

( i ) The Marchent XL. 
( ii ) The Brunsviga 10. 
( iii ) The Brunsviga 15. 
( iv ) The Brunsviga 18. 
( v ) The Rrunsviga 20 
( vi ) The Brunsviga Twin 13-2. 

Of the above Nos. ( i ) to ( v ) are single calculating machines, while ( vi ) comists of 
two identical machilies coupled together with a gear lever, which in different psitionn enable8 
one machine to be driven singly, or both r~inchines to be driven in the sanie'or opposite direo- 
tions. 

All fornis con be worked with e single rotary machine except 33 hXach. which is hip4 
for tlie Brunsviga Twin 13-Z. For~iis 4, 5 ,  17, PI and 31 Mach. may also be computed with 
a twin mnchine. 

2. Separnte booklets describing in detail tho working of each t,ype of machine exist. 
Some general notes, which ere likely to be of une are given below :- 

( a )  General dwcription:-All computing n~acldnes that will be met with in Field 
Survey Compenies, are of the same fundamental design. 

They consist of a drum carrying the setting levers which can be rotated forwarde or 
backwards by the operating handle. This drum is coniposed of a number of plates, each one 
carrying a setting lever. Movemement of a setting lever projects from 1 to 9 teeth, 
according to the amount of moveme~~t, around a segment of the circumference of the plate. 

When the drum is rotated, these projected teeth will engage, indirectly, a wheel 
carrying 10 teeth right round the circumference. On tlie circumference are aho printed the 
figures 0 to 9. These figures are viewed through a window one digit in size. The wheel 
carries a stud so that whell it passes from 0 to 9 or from 9 to 0 the next wheel to the left 
is moved one division for the carry over. . 

The revolutions of the d run~ are recorded by a revolution counter. 
The setting levers are referred to as S.L. Iiereaft,er. the drum revolution c o u ~ ~ t e r  m 

M.R. ( multiplier register ) and the series of windows through which the numbered whwh 
are viewed as the P.R. ( product register ). 

The whole carriage of the P.R. can be iilovcd relatively to the 8.L. drum so that the 
S.L. plates can operate on any of the wheels in t l ~ c  P.R. Movement of the P.R. carringe 
moves the indication in the M.R. a corresponding amount. 

The functioning of the revolution counter i l l  the M.R. var ie~  with different mechinea. 
In  the Brunsvigas, the M.R. records revolutions in the direction of the first turn after the 
last clearance of the M.R. In some earlier machines there is no carry over in the M.R. 
I n  the Marchant machines the M.R. records forward turns when a lever is set to x and 
backward turns when the lever is set a t+.  Turris in the opposite direct,ion reduce the total 
shown in the M.R. 

( b ) Addition and eublraclion:-When a setting lever is moved to, say, position 4, 
four teeth are projected. The complete forward rotation of the drum by the handle Causes 
the numbered wheel to move forward four-tenths of a turn t l ~ u s  increasing the indication 
of the  umbering seen in tlie fixed window by four. 

With the setting lever at,  say, position 8, eight-tenths are projected and rotation of 
the drum adds eight to the indication of the numbered wheel. 111 a similar way rotating 
the drum backwards decreases the number indicated on the wheel thus effecting subtraction. 

The S.L., M.R. and P.R. of the ~nachirles can be cloared by means of "clearing Ilrvtrr~" 
i.e. tlmy can be made to read 00000. 

In the Bronavign, Twin 13-2, there nre S.L., M.R. nnd P.R. for each co~i~poner~t ~nachi~le. 
For the left-hand ( referred to hereafter ~w L.H. ) ~iiaohiiie, these are referred to as L.H. S.L., 
L.H. M.R. and L.H. P.R., and for tlie right-hnnd (referred to as R.H.) 111~chine HE R.H. S.L., 
R.H.M.R. arid R.H.P.R. respectively. In this machi~ie there is n nlenns by whicli the M.R. 
of the L.H. niachine can co~int in the reverse direction to nornial. This co~lvistv of a 111illed 
knot in tlie left hand side of the L.H. machine. If this knot is puslied inwards, the M.R. 
counts norn~ally. If it is p111led out the M.R. counts in the roveme nianner. 

Deciniol point markets nre provided in S.L., M.R. and P.R. 
( c ) iC1rtltiplication.-3lultiplicatioli is dealt witti IN co~~tinued addition. That is 

to say, 7 x 4 is equivale~~t to 7 - t 7 + 7 + 7 .  To for111 t,his product, 7 is set OII S.L., and the 
handle turned four times. This 4 appears in B1.R. and the product in P.R. To enable one 
to lnultiply by large ~lu~nbers  quickly, the cogs connected to P.R. are rnovable to the riglit 



relative to the c o p  on the ciru~n. By moving P.lt. one place to tJic right each turn will add 
the number in S.L. illto P.R. one place to the left of ~ ~ o n n a l ,  i.e., will add t,en ti111es that  ~ i u ~ n -  
ber. Thus to tnultiply by 142, handle turns are made M follt)\rs : 1 with tho carriage Iwo 
pleces to the right., .i with i t  one place, and 2 in the nor~nal or units position. -4 great saving 
of time can be 111ade by "ahort-cutting". That is, one could nrultiply by 7100 with 17 turns 
as described above, but wit,h 7 by turtling t,lre handle 1311 1 t i~nes ,  \\here R bar deriotes back- 
ward turns. To attain spced in multiplying, i t  is esser~tial to look a t  the ~nultiplier a3 \rrittun 
on the paper ctll tlie time and to count the haridlo turns. Aa t,he handle is being tunled the 
eye should be on thc next number so that one oan decide whether to turn one nlore forward 
und then back or not ; in fact, whetlier "short-cutting" is necessary. 

( d ) Division.-A ~nachine can be used for division in three ways. The most conlmon 
and useful being e q i ~ i v a l e ~ ~ t  to the long division method as taught b children. The dividend 
is set in the S.L. and multiplied by 1 with as many naughts after i t  as decinial places required 
in the amwer. The divisor is then set and the handle turned backwards until the P.R. has 
been reduced to the s r~~al les t  possible amount. To do this the handle is turned backwards in 
each position of the cmrrisge until one more turn would make the P.R. less than 0. The same 
is then done in the nest  position. After practice i t  is possible to "short-cut" by turning too 
far in one position and f o r ~ a r d  in the next where turns are snvcd by this meatls. It is worth 
noting here that  a negntivc number in the P.R., say - 14, appears as a conrplement i.e., 999. . 
. .9986. All ~ n a c l ~ i ~ ~ e s  have a clevice so that  their M.R. counts up\vards, either forward or 
backward accolding t80 whether tlie first turn is forward or backwards. If more handle turns 
are subsequently made the opposite way to the first the M.R. will show a completnent. 

A second method is to build up the dividend in the P.R. with the divisor in t,he S.L. 
to get the quotient in the h1.R. 

The third  neth hod is to obtain the reciprocihl of t,he divisor and multiply by the tlividend. 
This way is used \\.hen a series of dividends are to be divided by t,he sntlle divisor, as, after one 
product is formed, the dividend in the M.R. is altered to the next dividend and the quotient 
in the P.R. is altered to the next one required auton~atically. 

( e  ) Square roots.-lb obtain square root the following procedure sl~ould be 
adopted :- 

( i ) Obtain approximate square root by means of slide-rule or 10 hfath. (Part 11, 
Aux. Tables ). 

( ii ) Set the number whose square root is required on S.L. starting with L.H. 
extreme S.L. ). Tun1 handle forwards once with the carriage in the ext ren~e 
R.H. position, bringing i t  into P.R. Clear S.L. and M.R. 

( i i i  ) Set the approxin~ate square root obtained in ( i ) above on S.L. starting 
with the L.H. S.L. and divide until twice as marly figures as are set on S.L. 
appear in M.R. 

( i v  ) Mentally take the nlean of the number appearing in M.R. and tlie number 
set on S.L. adding noughts to the latter so as to make the number of digits 
in both of these 11ut11be1-s the salne. 

This rnetLri is a value of the square root of t,llc liumber required. To decide ho\v nlany 
digits are correct, note the number of figures, starting frorn the beginning that  are tlic sanie 
in both the mean anci t,lle l lun~ber set on S.L. 'l'liis number doubled is tlie number of digits 
to which the square root is correct. For cxsmpla-if the lrumber set on S.L. was G7,3.'0,000 
and the mean of this number and the ~rumber appearing in JI.I i .  is 67, 3-17,806 then sillre 
3 figures ( 673 ) are co~nnlon to both ~ ~ u n l b e r s  the lnean is correct to 3 x 2=ti digits. 

( v ) If more digits are required, set the llrean ubt;rillcd in ( i v  ) above on S.L. 
Clear P.R. and M.R. and turn hit~~clle forwards until the number whose 
square root is required appears in the P.R. Again, tnlte the mean of the 
n u ~ n b r  appearing in tlie M.R.. and that set on S.L. This lnean is a better 
vttluc of the recluircti square root, and i t  is correct to twice as Inany digits 
as were correct in the number now appearing on S.L. 

( vi ) Check the final ac:cepted square root by multi1)lyirlg i t  by itself. 

( f ) SI~orl-c.ul 11~efi~od8.-The process of turning the handle backwards as well as for- 
wards b reduce the number of turni~rgs is known irs "Short-cutti~~g". hluch time is saved 
and the method should therefore alwibyr; be used. SI101.t-cnt t,he nunrbers 6, 7, 8, 9 and t#lleir 
cu~nbinations and 5's when it is preceded by a number greater than five, e.g. 

To nrultiply by 9, ~nnltiply by 10 then subtract 1 
To ~nultiply by 47, tnukiply by 50 then subtract 3 
To n~ultiply by 789, n~ultiply by 1000 then subtract 211 

and so on. Thus 7, 3 and 19 turnti respectively are 8;~vetI in tlie above 3 operations. 

( g ) C'ornp1emenls.-Wllel~ever a number is set on S.L. and subtracted from a r~umber 
appearing in the P.R. which is less t,l~an it,, the 1'.R. will show a figure which is called a " comple- 
ment ". S11c.11 a figure \r-ill rlorrnally have the left-hatld digits all nines. 

Similarly if, in the Marchant ~nachine, M . l i .  is cleared, the geur lever is set to + a ~ l d  
the I~alr(lle is turned forwards, the M.lt. \rill show a "coniplement" or, wit,h Bru~~sv iga  niachine, 
if after clearing M.lt. the handle is given one L U ~ I I  in one directiu~r followetl by two t u n u  in t,Ile 
opp~~s i t e  direc.tion, the M.R. will sl~o\v a " (~orirplci~re~rt 'I. 

Note that  "cc~n lp len~er~ l "  should hever he set on S.L. for any opcrat,ion. The hrrct 
number dhoulri always be for~ned nientdly and set, note being taken of t l ~ e  appropriate sign 
when tloing ao ( see sub-para i). 



( h ) Decimal poirite, eelling atrd eigne.-111 t l ~ e  'inatn~ctiorm' conhilied iri this Supple- 
nlent no rule of thumb is given for setting of numlwra, or for plecing the decimal point ( except 
in the c u e  of Form 8 Macl~. ). The genertrl rule that  the number of decimal plecea on S.L.+ 
number of decimal places on M.R.=number of docimal places on P.R. must always be applied. 

M'lien making a series of similar computrattions, the decimal point m u t  always be net 
a t  the commonceme~it. Care must always be take11 thnt the decimal point markera are so net 
that  t.he required number of decimal places is obtained in the m u l t .  

fii~~iilarly, where Iieccssclry i t  niuet be decided by inspection whether the sign is positive 
or  negative. 

( i ) Checb.4l iecke muat always be applied. Instructions attached to forms indicate 
all checks that can conveniently be made. In  particular, when transferring a n u m b r  from 
P.R. to S.L., after setting i t  011 S.L. the handle should always be given one backward 
turn,  and it should be cl~ecked t.hat t,lie P.R. showa 00000. This check is not liecessary in the 
case of t,he Brunsviga 15 whicli Irm the automat'ic transfer device. If i t  is Ilecenserg to transfer 
the complenient of the figure in the I'.R. t.o S.L., check by turning the  l~a~ id le  f o r w a d  once 
and seeing t l~et.  P.R. r e d s  1 .00000. 

"Before beginning a new ~ o l ~ u l a t i o ~ i ,  it ia essential to see that  a11 registew Iiare been 
cleared. I f i t  is suspected that  the clearing levers do not clear all the figores in one oprat.ion, 
the machine should be examined for defects". 

( j ) Arrnngemnt and order of work.-Tlie detailed instructioru, for macl i i~~e working 
of each form me ea designed that. the work is reduced to a minimum. They should be followed 
exnct.1~. 

The principle of machine working is that the number of eettinge mtule on S.L. should 
be reduced to a niinilnum, and this fact *hould always be borne in mind. If orie setting is 
comlnon to all of several deductions on one form. tmhe operation i~ivolving this setting should 
be carried out for aU deductions consecutively. In  such a case to compute each deduction 
peparately from start  t,o finish would bo wavte of time. 

( k ) Hints l o r  rapid working.-Keep the table on which you work clear of siirplus 
papers. Fill in all necessary data on forms befcore starting machine work. 

Work with machine directly in front of t.he body. Have the form being worked j u t  
clear of t,he machine, and to the right of it. Keep ally tables required on the Iejt-hand side 
and t u r n  pages with the left-hand. Hold pen or pencil in the right-hand the whole t.ime. 
Do not. put i t  down while operating the handle. 

In  multiplication do not watch the M.R. while turning the handle. Keep looking a t  the 
multiplier written on the form and mentally count t,he turns forwards and backwards. 

Practise setting by touch i.e., look a t  the ~ iu~ i ibe r  to be set and not a t  the S.L. while 
setting. Use the left-hand for setting. I t  is always best to set figtires on S.L. from left to 
right as they are rrad off'. 

( I ) Care 01 machines.-It must he remembered that  a calculating machine is a finely 
constructed mechanical device which nat,uraUy requires careful treatment. 

011seu.e aU rules framed by the makeix for oare of machines. Turn the handle evenly. 
quickly, but without sudden jerks. Never force a machine if it jams. Find out what is 
locking i t ,  and release it. If the operator handles the machine carefully he may expect the 
greatest etticie~~cy from i t ,  and will find that  repaim are hardly ewer required. 

When not in use, keep the ~iiachine covered in order to protect i t  against duet and dirt. 
Do not leave i t  exposed to hot sunshine or in very damp or hot premises. 

Pack machines carefully and correctly according to the makers' instructions when in 
transit. 

I t  is advisable for every computing aection to carry a m e w  driver, spare screws to fit 
each tvpe of machine, best machine-oil with oil can and a soft brush so that minor repairs 
and dusting and oiling. if required, may be carried out by the computers themselves. 





( I ) Values of constants to be nsoerteined for grid in use from tabla blow. 
( ii ) For instructions on w h i n e  working, sac Supplement to T. H. B. Chapter VIII. 
( i i i )  Froor 1 Qrid. for the spheroid on rhioh the npLrim1 co-onlinntes of P have hean aslculntd. 
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1. Calnplete headinge entering the mme of the grid, the true ( apheriosl ) co-ordinates of its origin, spheroid 
in usr and the value of FE ( grid m t i q  of origin ), striking out 'Metmu' or 'yerrla' whiohev~r is not applicable. 

2. Complete linee I to 3. 

3. NOW interpolete values of r and y' for dp na follows :- 

( i ) Set upper tabular value of r h P.R. on machine, mt "Dill. for 1." on 6.L.. multiply, turning 
handle beokwards, with socondn in +p, and mord  figulsa in P.R. in line 4, 1eft.hmd oolumn. 

( ii ) Continue multiplying, turning handle beckwude, till M.R. shown BO.00. 

I iii ) Cheok that P.R. now d a  lower tabular value. 

Repeat the above prwess for y', turning handle forward, and record the m u l t  &I prooenn ( i ) in line 4. 
right.hm~d column. 

NOTE :-An the Diff. for I' for r and y' is the aeme it iu mrnetimes more repid to mt "Diff. for 1"'on 8.L. 
and multiply with aecondn of 4 p  and aubtraot the result mentally fmm upper tabular value of r and 
add to the upper tabular value of y' and then continr~e to multiply till M.R. nhom 00.00, add the 
upper value of y' and sne that P.R. d s  lower value of y'. 

4. From Table I1 set sin B for M to the whole minutee in P.R. Set difference for I' corresponding to i t  
on S.L. and multiply with wcondn in AX turning handle forward. %cod figures in P.R. in line 6. Continue to 
multiply till h1.R. shows 60.00. Check that P.H. now rsada tabular value for next whole minute ofM. Clear S.L.. 
M.R. and P.R. Repmt the salne pmceaa for tan be, line 5 right-hand column. 

6. Set 'r '  ( Ih~e 4. left-hand column ) on S.L. and lnultiply with sin B ( line 5. left.hand column ) and w o r d  
with pmpar sign fiauros in P.R. in line 6, lefbhand column. Clear S.L. and M.R. Transfer f i w  on P.R. to 8.L. 
and multiply with tan ) 9  ( line 6. right.hand column ). Record f igma with proper sign in P.R. in line 0, right- 
hand column. 

0. Complete lines 7 and 8. 
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1 MACH. 

1. Complete hosrlinge, entering Name of a r id  with Origin, Spheroid in use and ntriking out METRES or 
YARDS whichever in not applicable. 

2. Complete lince 1 to 0 as instructed on the forn~.  

3. Set D ( from Lnble a t  the b01to111 of the form for Lhe grid rorleerned ) on S.L. and turn tmrlalle forwards 
onre. Clear S.L. ancl M.11. Set sin .& ( from table aL the bottom of the form Tor tho parbicular grid ) or1 S.I.. and 
multiply by Np ( line 5 ) by t u r ~ ~ i n g  the handle backwards or forwarcG twcordhg tw Sp ( line 6 ) ia positive or nege  
tive. Record the product in line 7. Clear S.L.. M.R. end P.R. 

4. Divido line 4 by line 0 by the built.11~ mothod, or otherwise. Record the quotier11 ill l ~ n e  8 nit11 corrnet 
d e c i ~ ~ ~ a l  point and lralne sign tw line 4. Clear S.L.. M.H. and P.H. 

5. Set T ( linr W ) un S.1.. and ~nultiply by itsclT, i.r. by T,  c.amf111ly ~loting the darinlal point. The procl~~rt  
ie T'. Divicle this h nun tally hy 3 cu~cl r r ror~l  the q u o t i n ~ l  in line 8. Clear R.L. end h1.R. Traneier the protlurt. 
i.e. T' to S.L. C l ~ n r  P.It. I I I I ~ I  111111tiply by itself. i.e. by Te ,  ~ubtiog the deri~nal point rarnTtllly. The pmdu(.t 
in T'. Divide t l ~ l s  ~l~entnlly by 5 111111 mrnrd tlle 0111)tiellt i l l  Iiliu 10. Clear 6.L. and M.R. Tranmfer the procluc.b. 
i.e. T' to S.L. Clonr P.R. and ~nulliply by linn 9. t ' l r ~ r  S.I.. I I I I ~  5l.H. 'Trau~sft,r the prndurt to S.L. (71ra~r P.I{. 
and multiply by 0.429.  Hpronl the p r u d ~ ~ c t  inJino 11 with ~.orrPa.t decinlnl point. ('lear S.I. .. M.H. rind P.H. 

8. Set ( 1 + lide LO ) on S.1.. nncl torn handle forsnrda onre. Char S.I.. and h1.H. Set line 9 on S.L.. nnal 
lurn handln bnckaanls once. Cleur S.I.. and M.H. Srt line I 1  011 Y.L. or~d turn handle bnrku.arcla once. Record 
the  result from P.R. in line 12. Clrar S.L.. h1.R. and 1I.R. 

7. Divide line 4 1)y line 7 by the b u i l t . ~ ~ p  mstho[l, or otherwise. Hecord the quotion1 in li~lc 13 with rorrert 
tlecin~al point a ~ a l  mine aign a* line 4. Clear S.L.. nf.1t. and P.R. 

8. Set line 12 on S.L. and ~nl~lt iply by line 13. Record the prnduct in line 14 with the enme sign un line 4. 
Clear S.L.. M.R. rind P.R. 

9. Set 200 204.81 S.L. 0114 111111tiply by line 14. t t e ~ o r d  the prntlurt in line I h  with the same V ~ K I I  0s 
line 4. Clmr S.L.. h1.R. and I'.R. ('ompletr line 16 with the mnte s i p  as line 4. 

10. Set ( 1 . 6  line I0 ) on S.L. and ~ n ~ ~ l t i p l y  by 0.li25. ('lonr S.I.. and B1.R. Set line 0 oa S.L. and ~nult,i- 
ply by 0.75 by turning the llandle harkwartla. Rrrorcl tho proclllrt in line 17 nit11 ~ * o m c t  decimal point. ('lenr 
S.L.. M.R. and 1'.1t. 

11. Set ) El, ( i.e. 1 o i  tile figure in line 4 ) or, S.L. lult iply by XI (line I7 ). Clenr N.L. and M.H. T r a ~ ~ ~ l e r  
the product to  S.L. with rorrert deri~nal point. Clrar P.11. nnd n~ultipll\. by T ( line 8 ). rlear S.1.. n ~ l d  M.R. 
Now rlse ahirhc\.er or the follo\ving lnetllods in applirnbln : - ~  

( a ) Who11 Kp ( line 5 ) in ~ l e g a t i v ~ :  Set ( linn 5 ) 011 N.L. n ~ l d  turn 11n11dlt~ forwards DIICC. l < e ~ ~ ~ ~ l - ~ l  the 
reeult in line 18 with nepeti\.e aign. Clot~r S.1. .. h1.11. nn11 P.R. 

( b ) When N,, (line 5 ) is positive a ~ l d  ~~u~nor i rn l ly  leas than the l i p ~ ~ r e  in I'.A. : Set N y  ( line 5 ) on S.I.. and 
turn llandlo barkwartls onre. Rcrord the result in line I8 witls n~gntive s i p .  ('lmr S.L.. Y.H. H I M I  F.H. 

( o ) \$hen Atl, ( line 5 ) is positive and nu~nerirully gl-mter than t l ~ e  f ig~~rn  in Y.R. : TrnnsT~r the figure 
from P.R. to S.L. Clear P.R. ancl turn handle berkwarda o~rce. Clear R.L. and B1.H. Set .V1, ( linr 5 ) 011 S.1,. 
and turn handle forwards once. Rerord the result in line 18 with positive sign. Clear S.I.., M.11. and P.H. 

12. Complete lines 18, 20. 21 and 24. 

13. Set line 21 on S.L. and turn handle forwards llrltil P.H. sl1ou.6 line 20. i.e. cli\,idr line 20 by line 21 by the 
bui1t.u~ method. Record the quotient f ro~n M.R. in line 22 wit11 rorrrrt drci~nal point and mnle sign as line 20. 
Clear S.L., M.R. and F.R.  

14. Complete lines 23, 25 and 20 arrorcling to the lllstructionn given on the Torm. 



2 Mach. 8 3 r t r b e p  o f  Rnbi s  Page ..... 
R SECTION N : : j  l n d  Fd. Svy COMPANY. DATE ' J u n e  1143 SHEET NO. 

dlucl~irbe deductiirn of apherioal co-ordincttra from gr id .  0 , 

Forruuls:-( 1 ) T -A- ( 3 )  %=). -  'T!+ 'r' 
Grid('] 11 2(. i;O 

B - N ,  3 C 

( 2 )  & = I -  T! +x - T' 
8 6 7  

( 4 )  AL - .x, b 90 co 

( 6 )  8, = N , - ) B , . ' r r  f ,  
Everest SPHEROLD MWRW-cw Y U D Y  

1 Point P C a i v r ~  Htll  

2 Eusting of P=EV 5 G 2 9  415 1 1 @ 5 1  6 4 5  5 
~ ~. - 

3 Northiug of P= Np 061 8 4 0 . 0  1 5 1 4  863  6 

4 Ep=Ev-Eo  11' + 3 0 2 3  4 1 5  2 - 948 ,354 : 

- 

- 
- - . - -~ - 

5 N ~ = N ~ - N ~ ' "  

6 no- Np ( 1 1  
- 

-- . 

- 
~ . 

7 . 1 7 1 5 3 2  

14 628 379 I 

.-A- - - .. .. 

7 

9 

. . . . . 

+ : 1 J C , b 3 . 6 -  

15 1 ' 6  3 5 6  3 
.- . -- - 

6 4'11 6 5 3  3 

b1) 13 873 206 

0 . 0  0 641 5 5 3  

. - .. .. . 

D- N~ sin A , , ( ~ '  

l'=linr (4)+line ( 6 )  (8 [,laces) 
T' 
-- (8 placua) a . . ~  

- 

-. 

10 (8 places1 0 '000 07 .IC9 - 0.0UO 0" 4 4 9  0 000 
-- .. -- -. . ..... 

1) 000 
. . . - 

- 0 .  

0 . 0  
- -- - . . -~ -- - . -. - 

6 0 5 . 9  ' 57 I 

- (J . "6 R 8 3  ? ) ? +  

0 0 0 l.<7 962 

.- o 

0 0 
~ . - .. . 

11 I* -- (& places 
7 

0 OClOO od " 1 0 '000~1 oo 0 1  11 0000 00 n oouu oo 

12 3 [formula (2 )  ] ( I I '  0 - 9 9  365 7 5 4  0 3 9  5142 4 8 5  0 .  0 
- - - ~  . -.- . . -. .- 

IS liue (4)-+liut. (7) ( 8  plnacb) +O \I ' 64 '  lJ" - 0  15 703 42 5 - 0  -0-  

14 ~ l , = l i n e ( l 2 ) ~ l i n e ( 1 3 )  ( 8  pl:lct.ri) +O 3 '  4 4 6  4 4 9  -0.15 ( 7 8  C q O  - - u 
- - . ~- ~ ~ -. . -. -- . ----. -~ ... -- 

15 A v = l i n e  (14)x'206264 81 * 64 0 6 2  96 - 2 2  339 c i  - - 
-- - :7----- 7- . .- - . . -. 

0 , --7-- 
16 AL - 

I 

% = I  - 0 ' 7 5 x l i n e  (9) 0 99 5 3 5  466  0. 99 881 809 

18 
- .- 

19 

26 
- 

21 

2% 

( i ) Velups of constants to be ascrrtnincd for grid in use from table below. 
( i i  ) For inslructions on machine working. S~lpplemunt to T.H.H. Cl~alyter VL11. 
(iii) From 1 Grid. for tllu sphrratid which tlir spherical co-ordinales III Pare rrqlrin!d. 

Urid I I A  1ln  111.4 1 1 1 ~  I!'& 1 1 ~ 1 )  
- .- - 

A C 0 
.. .. . -. -- - -. - 

I 
- - 

4 4s;' ti8' I;H' 71. IU+ - noA IW n~ l-joi' 
- -. - - - -. - -. - -.- - 

Units Eo -k&3-#~et~~ 1,5W,OVO 2,158,500 --Idinn Y~~rds  1 1ndin11 Yards ,ndia!Yatd3 In~llu&rd~<i*n Yuds 

2.355,CLM 3.CO.).000 / 3.W.000 ! Y.@.KI.(XK) 

No 

... 7,794,223.8 
. . . -- - 

... 4,019,571.3 ... 
... 

sin & 

-'I'hia is ttn ;rdjusled valuo. 

Computed by Date Checked by h b  
G.B.-P.O. J.S. Zt110-14.-500. 

+ 0 ' 6 2 5  x line (10) 'Ii ' 
Sp [fol.rnr~ln (5) j "I' - 4 7 7 1 6 1 ' 5  

- -. - - -- - - -. - . . - - 
&=5 nearest to 8,, 1 iiii - 4 7 6  184 ' 3  

s p  - 8. 1 077 2 
- .~ 

A f o , s a  1itiJ 

A r = l i n e  ~ '2O)i l ine  k211 
- 

0 

- 
. . . . - . - . .. -. 

- 

- 
. - . - - - -. . - 

2 

- 

+ 4 8 2 1 6 0 2 -  
-- -- -- -. . - ---- - 

+ 4 8 0  499 C 

t I 7 6 7  ' L  

3 3  7 1 3  

+ 5 1  . 4 3  

,- 

3 '  675 

- 31 93 

0 

- 0 23 

24 

25 
- 

2(i 

0 

+ o 
2') 

19 

9 1  

0 

. . - -- - -- .- 
- 

- 

- 
0 

- O  

21 

2 1  

1 0 8  

AA 

h.=lat. corresponding to S. 1"' 

Ap=A.+Ah=lat. of P 
- 

L ~ = L , + A L = ~ ~ ~ ~ ,  of P t i ~  

- 0 

--- - 

I I 
- 

OC: 

1 56  UO 00 

5 1 4 3  

00 .00  

0- , I  I 

CC 1 3 1 . 3 9  

O4 ' 00 .(I0 

., 

00.00 

0 3  28 . Q I  

-- 

I 

01 0 2 .  96 

58  51.13 

- . -+-- -~ - 
0 1  00.38 



I N R T R L T C T I O N B  

2 ( A )  MACH. 

I. Complete huadinga entering the name of the grid, the true ( npherical ) co-ordinstea of ita origin. vnh~em 
of r.. FE ( grid ranting ) and FN ( grid northing ) of origin for that grid, and atriking out  'Met ra '  or ' Yamla' which- 
ever in not npplicnble. 

3. Sot li~re 4, right.hand column 011 S.L. and multiply until P.R. ahowe z' ( line 4, left-hand rolunu~ ). 
Rerord tieurea now appearing in M.R. in line 5 left-hand colu~nn, with o o m t  decimal point. 

4. 'Co~nplete line 6 of left.hand column. 

5. Fmm Table 11 interpolate M fair tan B ( line 6,  left.hand column ) ps followa :- 

( i ) Set upper tnbulur value in P.R. on ~nnchine;  set "Dim. for 1"' on S.L. 

( ii ) Mult~ply till P.R. 8l1owa the value in line 5 .  left-hand column. 

( iii ) S o t e  tigunr in M.R.. which are the aecontla of AA, to be added wit11 correct decimal point to t l ~ e  
value of AA corrrapond~ng to the upper value of tan B wt in P.R. UI ( i ). Enter AA in line 7 left. 
hand c o l u ~ n ~ ~ .  

( iv ) Continue multiplying till M.R. shows 60.000. 

( v ) Check tha t  P.R. now rends lower tnbular value. 

Clear S.L., M.R. and P.R.  

6. Interpolate value of ton 48 from Table 11 for AA, line 7 of left-lland column, a. followa :- 

Set Diff. Cnr 1' for tun 49 nn S.L. and multiply hy ucconds of AA. Add to  figures in P.R.  the tabulnr value 
of tar1 48 comapotling to AA to m i ~ ~ u t r c .  I I I I ~  record In line 5 right-hand column. Clear S.L., M.R. and P.K. 

7. Set N p  ( line 2. right.l~nnd C O ~ U I I I I I  ) in P.11. Sat tnn 49 I l ~ n e  5. right.hund c o l u m ~ ~  ) on S.1.. and multiply 
( turnitg handle backwarcis or fortrnrda ncrording ns 4r ( is N. or J. with r' ( line 4 of kit .hand column ). Her,ord 
value in P.R. In line 7 of right-llnnd column. Clear S.I. .. M.H. U I I ~  P.R. 

8. From Table I, interpolate 4r for the value 111 l ~ n e  7 of right-hand column, according to  the method dewr~bed 
in para 5 above. 





1. ('ompl~cc headings and Linerr 1 to  0 

2. ( o ) \Yllen AN ( line 0 ) in numerically less than Ah' ( line 0 ) and the left-hand Dide ( cot 8 ) ia to be 
r o ~ n l x ~ t c ~ l  : Set A 6  ( line U ) o n  R.L. m d  turn handle forwards rn~til P.11. shows AN ( ltne 0 ). i.r. tlividn line !I by 
ltne t i  hy the huilt.up method. Record quotinnt from Y.N. In lillr 10 s ~ t h  correct decimal point t u ~ l  enter small 
( I. ) after at to  tndirato that  it is cot 8. 

( I ) \.\'hen AN ( line 0 ) is numerically greetor t l ~ a n  AE ( line B ) and the right-hand side ( tan 8 ) in to be 
vo~nputrcl : Set Ah' ( line 9 ) 01, 6.L.  and turn handle rorwartl* until P.R. sho\vs A E  ( line 6 ). i.e. divide line r) by 
line 9 by the huilt-up ~nr thod.  Rerord quotient from H.Ii .  I I I  line 10 with correct decimal point and enter ( T I 
after it to inciirate that ~t is tan 8. 

3. ('lenr L1.H. and P.R. but not S.L. 

4. ColnplrB lines 11, 12. 13 and I5 weonling to the instr~~rtions glvetl on the lorm. 

5. Yultiply the figure on S.L. by linr 13 [ right.hnnd n~de For 1~~ 2 ( 11 ) and left.hand aide for c e  2 ( b ) 

above 1 and record the produrt in line 11 with rorrert decitnal point. Clear S.L.. M.H. and P.R. 

8. Set I ~ n c  15 on S.L. nncl turn I ~ a n d b  forwrrda unt,il P.R. shows line 11. i.e. divide line 14 hy line 15 by 
tllr buil(.up 111cthocl. I{eror~l ql~otient rmrn M.H. in line IR wit11 cormct decimal point. 

NOTE :- 1C a large number of deductlorn are required to be computed i t  is economical to eubt i tu te  the 

following pnleetlure L r  pnrss 3 to  5 above :- 

( a  ) Clear S.L.. M.R. and P.R. and wmplete lines 11, 12, 13 t u ~ d  15. 

( b ) Set AE (l ine 6 ) or AN (line 0 ) on 8.12. according ss left-hand or right-)land is to be computed ( eae 

para 2 abovu ) and multiply by line 13. k o r d  the m u l t  in line I1  w1t11 cnrreet decimal point. Multipliratior~ 

of lines 14 and 15 allould aha be done acroas the fortn for all deductions. 



( h  3 2  30 
Grid I 16, ee 0 0  

Line 14-line 15 

( i ) Uee left nide i f  A N  is numrrimlly leas than AE, otherwise uee right side. 

( i i )  6 is in 1st. 2nd. 3rd or 4th quadrant as dK is 2 L Z. 5. A E  + + -  -- 
( i i i )  From 2 Grrd, ualng best est~mate of latltude available 

Data Chucked by Date 



4 MACH. 

I. Complete hendinga. Enter nnmcn of atations A anrl B and that  of station or intererted po~nt  C. Enter 
obeerved q l o s  ( correctrrl for 3 Grid ). In  the caae of stations (a l l  three all&les obsenped ), Bum up the t h m  
angloa and work out lriul~gular rrmr. Distribute triangular error alld writp the uorrwtecl angled. In  the e- of 

C being an  i ~ ~ t e m r k - d  point. the alrglr a t  C is dedured [ 180" - I A  t B)  I nntl wntten clown UI d a n c l  110 entnes 
are made in columns hendrd 't.riangular error' and 'cormctcd angle', the corrected angles and the obwrvad n~~glop 

being the same. 

Write down the sines of corrected snglw and aide Atl for each triangle. 

2. Cmmpulation mny now be carried out with e single or twin miwhine. 

( n ) With u Single Mochi~re.-Bet A B  on S.L. Turn handle fonvaninonre. Clear S.L. and M.R. Set sin c 
on S.1.. and divide. Clpar S.L. and P.R. Trsnefer the number appearing in M.11. to S.L. nlultiply by sin A and 
r e c o d  the produrt in Y.H. ngalnat side RC. Continue multiplying until M.R. reads ain B rind record the number 

in P.R. againat CA. Continue multiplying until M.R. rtMds sin C and check the number in P.R. = side AB. 

( b ) With o l ' l u ~ n  Mnchinz.-Set A B  on right-hand 6.L. Turn hanclle forwnrdn once. Clew S.I.. nncl II1.R. 
Sat sin C o n  R.H. S.L. nnd divide on right-hand maclrme. Clear S.I.. nnd both I'.R.'s. Conneot ~l~sclt inc in pamllel. 
Set sin A oft L.H. S.I.. ond sin B on R.H. S.L. Turn handle w ~ t i l  M.H. reads 000000. Record figures i l l  L.H. P.R.  
ag&t BC and R.H. P.R. in CA. 
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SECTION 140 3 1,ld I;, COMPANY. DATE Ma! .ral arid 1 l b 3 <  3; 
4 6 %  0 s  

Mwhine Cmputatiot~ of side8 of Triunyululion 

* d n A :  C A - ~ X ~ ~ I U .  
B C s ~  nn c 

( i I Correctrd for a (trid, 
(ii) 111 grid units. 

Computed by Dale Checked by 

G.B.-P.0.-J 8. 43-10.1.44-1.000. 

- -~ - - -. 

i ) ~ r , ~ l b j !  11.~7 5 8  u,? 1 ,  - ' ; I  5 8  0 3  i4 0. 6 4  3 5 2  8 ~ 1 3 . 2  
~ -~ . ..................- - . . . . -  . . . .  

C A 

Y ~ ~ I I , ,  5,lr c 4r  / I Y .  . - ; I  4 9  4 8  i'4 0 t ~ % $ ~  8 0 7 7  . !  
. . . . .  - - -- - -. - - . -- ......-... - . - . . . . . .  . 

A B 
. . . . . . . . . . . . . . . . . .  . . . . . . . . .  

Date 

.- ........... . -- . ~ 

A NO. a ......... Tutsl I A O  

Sor r u a ~ - n ~  h S A 

k n l , ~ S ~ r -  I,.; B 

K(~ , r l d r  5 4 1 ; ~  ;IIJ 1 1 1 ~ 1 r l  
. . . .  - ..... -. -- - = - .- - . - - - - - - 
A Na ......... a lrrutel 

A 

El ---- 
C 

...... ............. - . - . ~ 

A No .......... 4 Totel 

A 

B 

C 
-. - -- . ... ........ 

5 
~- -. -- . 

41 
- . ... 

. -. -- .. 
A No .......... 6 

. 

Total 

I ?  

2 7  
- - 

A 
. .  

114 

0 .  
- ---- - - - - 

. . .~ . 
-. - - - 

0. 
....... ~- ... .- .. . 

L,:, 

4 , )  
-. .... 

G - J . . ~ ' L L . - z  

I ~- -L,l.-.O: 
-. 

B - . - 
C 

-. 

: a  

- 

. ~- 

. -. 

-- ...... 

----- 

-:-I -- 

0. C A 

A No .......... 0 

B 

- 
- 
..... 

I 1 ---., 

- 

- .- 

........ 

- .......... 

- - 
C A 

AB 
-- 

B C 
.... 

- . 

...... - 7 -  

Total 

. . . . . .  

: a o  

I ?  -2, ,., i L 
- 

- -~ -- 

- 

-- . . .  

0. BC - 
. . . .  

A 
-- 

C - 0. 
- -. - ......... . . . . . . .  

~ 

- .. 
A B 

.... . ......... ............. -. .... -. - ~- -. - 
A No. ........ 7 Tobl 

- .- 

4 :: 
...... .-. 

-- . 

1 .  
. . . . .  

c a  

9 973.2 
..--_.=z-.7-- 

.~ .. . . . . . . . . . . . . . . .  

... 

---- 

..... 

...I. 
- 

. . . . . . .  

A 
.............. 

B 
- - . -- - -- .- 

C --- -- -- -- - - 

:,, 

- .... 

A B 

BC 
I 

............. 

-- 11-i 
- - .- - - . - -- - -.-. 

A No .......... 8 
- 

Totnl 

B 
- - -. --- -- 

3 \; ? I >  

3 I L, ? ! ? ,  
-- . - -- - - - - 

i 
. . . .  

- 
- 
- 
- 
-~ 

. . 

0 .  
... .......... - - - -- 

BC !-- :-~-- -~ -- -~ -..- - 

.-- --I---t1 
C A 

- ~ ~- ~ - - - - - - - - - - 

AB 
-. - . - - - -- - . 

C - 0. 
- .. . ~ 

A B 
-- . . -. -- . - . - 
A No .......... 0 Total 

-- 

. 

A 

B 

C 
- - -- - . - . - -- - -- - 

7 4-7'8 a 
- .... - .... - 

5 7 8 3  j 
. - - - -. -. 

. . .  

.... -. 

. 

T >  _--_ .. 

- 0 .  
- - - - 

BC 
- 0 .  
. .... ...... ~~ 

C A 

- L ~ - - T  

- 

. . 

A No .......... 0 

. 
BC 

C A - . - - - 
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I N B T R U C T I O N S  

5 MACH. 

I.  Complete hoarlingn. 

2. (?ornplete lines 1 to 10 of both ri(lkt.l~ancl and Ieft.hand sides wcording la the i o a t r ~ ~ r t i o ~ l s  given on HIC 

form. I n  the case of atalions, whnm rwults are co~nputcd to 0 .  I yard ( < ) I  ~ n e t m  ). lime H and 0 should be enter011 
to 0 ~>lncee of deci~nals if rlintancca orv gmater then 6,000 yards or metres. Strike ou t  yarde or ~natraa whichever 
is not applicable in line 10. 

3. Now enah side will be computed ~epente ly  BB follows :- 

Il'ilh Single Mochine.-Cornpr~tntion of Ec ( line I I ) : Sat line 3 on 8.L. and put t l ~ e  indicator to indicate tho 
11nit place. Shift P.R. until the unit placeof P.H. ( tobr, detor~ninnd mentally ) is in line wit.11 the 111tit place of line 3. 
Now turn hnnallc forwards once. Clear S.L. and M.R. Now w t  line LO on S.1.. a8111 rnultipl? I>y line R torning the 
handC forwnnls or blrrkwnnla according an line 6 is poeitivn or negative and record t l ~ n  mnrlt. in P.H. in line I1 
wit;] corrert clecimal point. 

Complltation of Kc ( line I?  ) : Proceed a* above. substituting linna 1. D and I ?  for lines 3. 8 anti I1 reepee. 
lively. 

With Twin .lfnchit~r.-Set EA on I..H.S.l.. Sct Nn on R.1I.S.L. (:r,nnrvL ~ n n c h ~ n s s  in pnrallrl and turn 
handle fonvnrda once. C'lcnr S.I.. ant1 M.R. Set sin P ,  on I..H. Y.I.. and uos a, (PII K.H.  S.1.. ('41nnrrt. ~nurhioes In 
ImrnUrI if signs of sin PI and cos 8 ,  are tlin nntns and in revone if tho eigns urn ~~pposite.  M~lltiply by Al' turning 
hanrllo l u r u ~ a d s  if cue 8, is ponitivo nncl backwards, if nrpative. 1.:~ t l ~ r n  nppmrs in I..H.F'.K. n ~ ~ c l  S c  i r l  R.l-1 
P.I<. Cl~eck by mrolnputlng, sub~ti tuting Em, hrn, BC, sln 8, and PIIS PI for E.A. NA, ACs. sill 11, anul cos PI resp~r. t tv~rlj .  
Ch~.ck thnt  both valuer of Ec entl of Hr n g m .  

4. Conrpleto lines 13 to 18 sccorrl iq to the ~nnt,rurtions given on  the iol.~n. 

5 ,  Compute e w h  aide .wpnrntely US f~,llowa :-- 

Set line 10 on S.1,. hfultiply hy 3 or 3,?R081 nrcording ns ~ l ~ s t a n r e  IS in yards or i l l  Inetrcn. Clear S.I.. 
unrl ect figl~rev tappenring in I'.lt. on 8.1. ('lenr P.R. nnd Y.I<. blultiplv by llne 17. ('Ienr S.L. and B1.K. Sot F 
on S.L. and divicle. Herord quotient in h1.R. in line 19 witll t l ~ r  snnw sign as in lino 14 in ewe of Pnans 1 nnd 11. 

a ~ r d  line 16 in c u m  111. 

6. Conlplote linos 20 to 24 M instructed on the form. (:heck that  the h r ~ g h t s  from hoth 91des in line 24 
arc In rcnaonnble ngrertn~nt.. 

7. Complete line 25. The line ia entered tu the nearest foot. 
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Diagram A 
Resection of ~ a f t a r i  h.s. 

(Bearing not observed) 

yd*t 103 410 I I I 1 H ~ u 8 r  &?> mnwafifil I 1 1 L\> 

I ,  

- 

30 - 

1 103 310 - 

90 - 

50 - Varda. 
E - 3  248 0 8 1  

- 
F i n a l  Accepted 

N= l 103 308 
C o - o r d ~ n a t e s  

30 - 

1 103 210 

\ 

I I 
m A , , , , ,  I V m ' - r " '  .I"-- 

0 

, I 

0 4 S 0 I 3 ; 0 0 

0 
m 0 P( S 9 

0 
a 0 - E 

m m 
$ Fina\  Trial square  
6 

cl 

- m 



6 MACH. 
A. B u n U O  roz O m m B r m  A* rrraol 

1. Complete bsoding. atribing out "Back Rap". "Pokri.". uul "Llun" "Initial from" 
2. Enter nunen of flred etatiom observed in line 1 ( L.H. ml. ). Entar their w - o r d i ~ t m  in lina 14. Enter 

uylle book bearingo having &st applied necasssry , c o r n t i o n  for S Orid, in line 2. Enter dl my* to fixed Nlionm 
roughly a t  their w r m t  bearings on the diagram and l u b l  t b m .  Deoids whether tu ua E. and U n  or N. d cot 
for each ray ss shown there in the diagram. 

3. .Select fixed station ( a reliable dintant point from a rough chart ) for computing t b  in1lj.l bmnq d 
enter in lute 30. Enter ita 00-crdinaten in line 31 end thcm of the 1.t trial p i n t  ( 1st approaimation ) in L i  SO. 
Com lete line 38. Obtain tan or cot B1 (depending on what ham bean mlected for th.& .tation in pm 4 above). 
and in line 32 ( right.- d ). 

4. Enter PI in line 4 ( L.H. col. ) for mlected ahtion. Obtain R n t  correction = 8, - Lins 2. Entar thin 
in line 3 ( L.H. col. ) for aU other statiom. Complete l i i  4. , 

6 .  Select for further computation 3 reliable aletiom whom rays intereact a t  a good angle. Look up and 
record tan 8, or cot ( para 2 above ) for each of t h m  with pmper sign ( +"a for 8, between 0"-00' ~d IW-470* ) 
UI line 4 ( K.H. col. ). 

8. Select a grid square with a side of 1,000 yda./metree M the first Lrral square nurrouncling the Limt trml 
point. Enter the co.or&nates of its YW. cornor in line 13 for earl1 station of para 6 above. 

7. For Marchand X L . Y e t  E, ( Ns ) on S.L. ( t h e  first deci~nal place b u ~ g  occupid by the 2nd letting 
lever counting from tho extreme right, the carriage being in the normal pm~t ion  ). Turn handle forwards o w .  
Clear8.L. and M.H. Set tanP1 ( cot PI ) on S.L. the first decimal place being ert on the 9th ( rxtmme loft ) lever and 
multiply by N, ( Ep ) [ the first decimal plum occupying the extreme right in M R .  1 turning the handle f o r d  
if line 4 is - * a  and bnckwardn if -tve. Now rlear M.R. only and nlultipl hy NT ( El ) [ rho first decimal plsce 
oocupying the extreme right plnce in M.R. ] turning handle forwards ~f tnn 9, ( cot 8, ) is r v e  and bwkwards if - ** 
Hecord the product so obtained ( 1st cutting poult ) in line 16 ( I..H. half rolumn ). 

The first decirnal plnce of the point will he a t  10th pluw from r~pllt  in P.H.  Now Invroaen the  n u n ~ h r r  in H.R. 
by 1,000 and register the new product ( 2nd cutting point ) in H.H. half col. of line IS, ar befure, the firat decimal 
of the product being a t  10th plnce from right. 

With B r u m i y a  10.--9et Inat five figurea of Ep on firs1 Hve S.I.. Pull carriage to  R.H. end of run and turn 
handle forwar& once. Clopr S.L. and M.R. Set Lsn P on laat live S.1.. h l ~ ~ l t ~ ~ l y  by laL five figures of SF* turning 
handle bnckwarda if tanfl is positive and forwards if negat~ve. Clear h1.R. Yul~ip ly  by last five tipurt..r oC &* ( co. 
ordinates of S.W. conrer of cutting square ) turning handle forward* if tan fl in positive arrd bucku-arcls ~f negative. 
First five figures in P.R.  urn the laat five figures of the Eaetir~g of tho lirst rutting polnt ( E,.., ) .  Add the miaaing 
first two tigume by inapction and record in line 15 ( L.H. llalC col. ). ('untlnue ~nultipl?~ng In aalne direction 
until figure in M.R. has been inrres~nd by 1,000. Record tigums 111 P.H. ar before in hnu 15 ( 1t.H. ItaU col. ). 

Using B r w \ . i g a  10 i t  is not possiblo to compute decimals t ~ f  a ynrd ( or metre 1. 111 the in~t ruvt~one  therelore 
flgurea aftar the decimal point in co.ord~nataa are ignored. In  larger rnachines full cu-orclinntea can be mt and 
working adjusted accordingly. 

8. Draw first trial square on squared paper to a acalo of I small cliviaion = 10 ).ds./tnetroa. Plot cutting 
points, draw correspondin linas and loci, if required. ( ss described in T.H.B. Chap. VI I I  App. IV, para 18 ) and t h u  
obtain 2nd trial point A r e c o r d  it8 co-ordinates in line 33. 

0. Obtain corrected bearing P1 of dintant fixed station 4 by line 30 el acq. Obtain 2nd correctior~ ( =8,-pl ) 
and enter the Bsme in line 6 for all stations. Cornplete lino 0. 

10. Repeat the whole computation from para 4 el aeq. with followi~rg changea :- 

Substitute 8, for PI. Choose new trial squaro of side 200 ylts.:motres nurrounding 2nd trial point. C O N ~ .  
pute all available rays. Substitute new \7al11es of YT nnd NT in forrnula used. To obtain 2nd rutting point in 
line 16, increase the number in M.K. by 200 instead of 1.000 as done before. Plot trial square to a st:ab of 1 sn-11 
division = 2 y&./metrea. Plot cutting pointa and show direction of ray8 by arrowa but do no1 drnw loci. Obtain 
best position for station of observation by inspection and have i t  checked by officer in.rllargc ~ m t l  rocord in line 34. 
If  this position is aetisfactory, complete final bearing in line 30 el aeq. for selocted d i s h n t  station ( A ) nnd rnhr  
against ,9, for that  station in line 10. Thus obtain 4th correction ( line 8 ) and find bearingn for all stations. 
Complete line 11. 

11. If  diagram obtained in para 10 is hot aetiefwtory the whole computation  nus st be r o p t e d  using position 
selected and obtnining a new bearing PI in the anme manner tha t  8, w w  obtained in para 0. 

B. WHEN BENXINO TO ANY STATION I9 E N O W N .  

12. Enter method by which bearing WM obtained in head of form nnd proceed as in p a w  2 a a*. Enter 
known bearing against PI for station concerned a n d  obtain 1st cormction and e n b r  P1 fur all statio~ls. 

13. Complete computations for two reliable rays, which.interaect a t  a gaud angle. w in parn 5. Plot tll- 
two rays as  in para 8 and take the intersection as  2nd trial point and obtain 2nd t,riul aquure of 200 y & . l m e h  
surrounding it. 

14. Keeping the ssme bearing 81 repeat the computation for all statiolu, as described in para 7. Select frnel 
position. Have i t  ohecked by officer in charge and if neL.eesery correct bearing by m e n u  of line 30 el sq. m d  corn. 
plete lines 10 and 11. 

( NOTE :-This laat is never neceasnry if bearing was obtained from Polurim. Such a bearing ahould always 
be accepted. Sun bearings m y  be altered by up  to 30 soooncis 1. 

16. Enter final accepted oo-ordinates a t  top L.H. of the form and in line 18. Complete form to line 24 w 
instructed thereon. 

10. Co~nplete line 23 as  follows :-( L.H. or R.H. half col. ). Set AE/AN o n  S.L. Multiply by 3 ( if working 
in metres multiply by 3.48084 )turning handlo forwards. Set contents of P.R. on S.L. Turn handle backwanla o m  
and check that  P.R. reads 0000. Clear P.H. and M.lt. and rnultiply bv conec P4/sec f l ,  turning handle f o r w d .  
Set cpntenta of P.H.  on S.L. Cloar P.H. and M.R.andrnultiply by lino $1 ( tan e ) .  Clear S.L. and M.R. Set mala 
hc tor  F ( ifsignificant ) on S.L. and divide. Record figures in M.R. with cormct deoimal puint end snme sign m 
line 21, in line 23. Complete re~nninder of form ns inetructed entering bcst mean value for height in lino 20. 

NOTE :-The form can also he used for the computation of intersectad points by aerni-graphic method. In 
this case enter the bearings a t  stntiona of observation to the intersected point against ,9, ( line 10 ). The reek ia to be 
done es in the case of stations except for height cornputation where the sign of line 26 is to be chenged. Onlhr i ly  
6 A  Mach. is used for intermeted points. 

If  the sixth figure from the decimnl point UI Np is ditTcrent fmm that in NT it  will not be sumcient ta 
nrultiply by the lust fivo figures only. I f  the ditIemnce between the sixth figures is one i t  is nwasary  to turn the 
handle tan times in the appropriate dirrction with the carriage in tho extreme right-hand position befom ~nultiplyin~ 
by either NT or Np ~l l ichever  is the larger. When multiplying by the smaller of these two no special aotion ia ,urn. 
aery. I n  rare cases whvn the difference between sixth figures is 2, arabstitute "twenty timea" for "ten tinlea" in 
above. 



6 Mach. 

(A) 
Station of observation (St).jtar6 sar h .  A SECTlOl 

mya Final co-ordinate. {$ 2 ::: ::: 
--metres 

Height H, 3 feet Obeerrenr A.Karam 

( i ) Corrected for 3 Grid. 
( il ) Use Epand tan or Npsnd cot. depending on bearing in linr 4 (seu dubgram 1. Striko out whiohuvur is 
( i l l  ) Formulm :-( 1 ) E ..I - E, - Np tau 6 + NT tsn 8. Use f o r m u l ~  ( 1 )  il Ep slid ~JM enturud it) line , 

( 2 ) N.., = Np - E p o t  @ + ET m t  8. S I ~ U  T.H.B. Chapkr VlII Suyplomunt for m;wb 
( is ) Use L, H. wlrunn if N, und cot errtorod in line I, otherwine use H.H, u o l u n .  

Computed by Data Uliackcksd by 



Ind.Fd fvy  . COMPANY. DATE August 1940. 
ho 32 30 

Grid I 
Lo 6 8  00 

Polaris Initial bearing from 
lent Wild No. loo T h e  lo. 30. A vl ~ -&R - - - . . . . . , 

*rexims&n- 
2 

5ar 8 fa> Kernard~n ( 3 )  -?%!'as- ( 5 )  ! 
(4) 

-sp4 bn( ii ) 7 - 1  ~ ( i i )  --.-~l- z - , T  ,,- +-hn(ii) 
11  ! or 367 , 14 1 32 62 04 4P 

K, ,,nd -.-- 
or 

N, und cot -- - . .- -- -- or 

51 1 + o  ( 0 7  61 + o St  + o  07 51 N, and m t  

367 I 3.2 a3 0 . 0 4  2 9 7  62 12 3 3  +C.51703 - - 
-0. 

- - - - - . -. . . - - -- - 
- 

0 .  -0. 

I I I 

I _ -- -. -- - I I 

5 1  ;. plil -! - i - - - :  I - 
760.7 1 I 103 5 9 a  . a  3 247 797 5 I t  109 9 2 0 .  o 3 a 5 4  OIY 2 1 I loo 3 6 6  3 3 2 5 0  686 1 1 104 681 .4 

! . I I 3 2 4 7 5 4 0  1 1 0 2 8 2 0 .  
.. . +-- . 

1 103 zoo . 3 2+e 000. I I lo, 3 0 0  . 3 14.9 0 0 0 .  I 1 0 3  zoo . 3 2 4 8 0 0 0 .  1103ZOO . 
i I I O ? , O ~ I . S  ! I 0 3 5 7 7  . 

- +-- - .  -- - 
6 6 . 0  1 1 0 3 . I it8 077 .1 

- 
3 1 4 8  D B h  -2 - I 103 I~~S'TLG 

- - . -..- I . -- 

' I  

3 2 4 8 0 8 2  1 1 0 3 3 0 8  . 3 2 4 8 0 0 Z .  I l 0 3 3 0 8 '  

+ 5 3 3 7 . 2 ,  Z 604 . I 
. <  ~ 

"""'".i +I. 13 0 3 3  

- 2  1 0 1  - . 0 3  5 4 3  - 1 " 1  0 5  ' I  40" - . 0 1  910 
- - -  --- -- 

I ' 4 6 / .  
-- 

: 99 R B B  99 8 8 9  

- '705 .I 1 -  . - 168 . B  - 
- . . - 

+ 13 .3 + . + 6 . 6  + 
.. . . 

- 0 .o 1 -  . - 0 .O - 
I 

- 6 9 1  .e 1 -  . - 162 .Z - 

- -- 

Co~nputalion ol' bar ing .  Disha t  Bxcd point suleotcd ( A  ) :-- 
-. 

Xurlhing of A = N, For (Iru 8 or cot see fur ru~~lu  below 
- - -- . . -- - . . - I - - . 

Iring of 1st Trial  I'oint = N1 ; tuu or cot 8,' I i  ) 
- - - . . .. - .. .. - - - - -. - . -. - -- - . .. - . - - . - I -  . 

., 2nd ., .. = NI ! titn 8, or cot 8,( i i )  - . 
- -- -. - -- - .-- -- . . -  . ~. - --- - - - 

~ 

For entm in 
linoa 4. 6, 8 .. 3rd .. ,, = NI I Lrrn 8, or cot 8.)' Ii) - . or 10. 

.~ ~ . - ~  - -- - . -. - .. - .- - -- .-. . . . . . . - - 
., 4th .. ., = S, tan 8, or cot A, ( i i )  - .  

I ( v i i )  I'ronl 41 Grid or rquivaleut tabla in "kctree. 

Date Rim1 Position pcrssed 

A N  m t B = P E  
5* - X, = A S 1  1 -  

- -~ ~ .- 

( v ) E u k r  scrrla factor for rnenn latitude (if significnnl) from 2 Urid. 
( vi) Snlne sign as line 21. Sae T.H.Ij. CLapter Vl l I  Supplrlnent fur mwhine working. If working in lnetras lino 23 will be 

s f u r ~ & ~ u l a  ( 2  ). 3-!HoH4 A E  coducfl, t a a e  or ?!!?! AN sac 8, tan o. 
F 

N* - N, -- A N, - 



Diagram B 
~ e s e c t i o n  of K a f t a r i  Sar h.5. 

( B e a r i n g  previously o b s e r v e d )  

F i rs t  Trial square ( ~ r n a \ l  Sca\e) 

Note:- If theappror imate position Of the 

station of observa t ion  i s  k n o w n  t. 

within 3 0 0  yd$netres First Trial 

square mar be the same size and 
scale as t h e  Tina\ tr ial  Square 



I N S T R U C T I O N S  

6A MACH. 

1. Complete headings 

2 .  Enter names of fixed stationn from which the point has been observed in line I ( L.H. rol. ). Enter 
their co-ordinates in line 6. Enter angle book bearings hnving flmt applied the newsnary correction for 3 Grid. 

Enter the iinal angle book correction frorn angle book and ro~nplete line 4 ( 4 .H.  col. ). 

3. Enter all rays to intersected point roughly a t  their corrert bearings on tlla dlayrarn and label l . l ~ e ~ r ~ .  
By inspecting diagnrm dwide whether to uae Es and ton or Ns and cot for each ray and strike out wh~cl~ever ia 
not applicable in all places where note ( ii ) applies. Look up tan fl or cot fl for all the rays and enter in line 4 
( R.H. col. ) with proper sign ( if fl lies between 0"-90" and 180"-270" ). 

4. Select a grid square with a side of 1.000 ydn./metres ae the first trial square surrounding the firat approxi- 
mate position of the interspcted point. [Choose two rays (and  a third one for checking if necessary) which intersect 

a t  a good angle for further computational. Enter the co-ord~natas of SW. corner of let trial square in line 6 for 
t h e e  stations. Compute the cutting points am follows :- 

8et Es ( Ns ) on S.L. Shift P.R. to the correat derimal point. Turn handle forward~ oricn. Clear S.L. 
and M.R. Set tan f l  ( r o t  fl ) on S.L. and multiply by Ns ( Es ) turning handle forwards if tnn fl ( cot ,4 ) is - v r  

and barkwards if L v c .  Clear M.R. only and ~uultiply by NF ( Et ) turning Lhe handle forwards if tan fl ( cot fl ) 

is + b e  and backwards if -'=. R r e o d  figures appearing In P.H. in line LI ( L.H. col. ) with proper der i~na  I place. 
Increase the number in M.R. by 1.000 and mcord the tigure in P.R. aa before in line H ( H.H. rol. ) .  

N m e  :-If position of I .P.  can be obtained from the ellart correct to  the noarest 300 ydw./~netros para 4 can 
be omitled, i.e. the point may be cornputed straigl~t away u ~ i n g  a 200 y d a . / n ~ e t r ~  cutting square. 

5. Draw trial square on sqt~awd paper a t  a scale of 1 srnall division = 10 yds./metreu. Plot cuttin6 lines 
andthua  obtain a position for the point. 

0. Now repeat the computation for all rays ss described in para 4 with following ditTerences. 

Choose new trial square of side 200 y&./metres surrounding position obtained in para 5 above. Crtrnputc 
all the available rays. Substitute new values of f i  a ~ d  NT in formula lased. To obtain 2nd cutting point in line I). 

incre- the figure in M.R. by 200 instesrl of 1.000 as  Plot trial square to a wale of I srnall divis~on 
= 2  yda./metres. Plot the cutting lines. 

Find by trial the least circle which will cor~tain some part of all the rays. Record the centre of the circle 
as  the f i ~ ~ a l  position. hard the ellvlsification of the point as  A. 8. C or D where the radius of the circle is less 
than 2, 7 or  20 yards or more than 20 yarde. 

I .  Complete form up ta Line 14. 

8. Set AE ( AN ) on 8 . L .  Multiply by 3 ( if working in metres multiply by 3.28084 ) turning handle 
forwards. Set contents of P.R. on S.L. Turn handle backwards once and check tha t  P. H. redm 0000. Clear 
M.  R. and P.R. and multiply by row? fl ( sec fl ) turning handle forwarrls. Set contents of P.H. on S.L. Clear 
P.H. and M.R. and multiply by line 13 ( t an  e ). Clear S.1.. and M.R. Set scale factor F on S.L. ( i f  significant ) 
and divide. Record figure in M.R. in line 16 with correct decimal point and m e  sign as ' e '  in line 13. Cornplete 

lines 16 to  20 as instructed on the form and en& the best mean value for height in line 21. 

Thew inatructiona apply t.o all rotary calculating maohinen except the Brunaviga 10, whose small capaclty 
requires instructions to be specially modified . For these modifications see instructions to  form 0 Maah. 
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7 MACH. 

I .  Complete hradirg. 

2. Cumplcte llnrs I lo ? I  an instructed on the form. When trmpenrlurr an11 baronletor are no1 nbcorded 

leave llnea 9. 1 0  n ~ ~ d  I I blank and enter the value undrr 'r,' rrum table 42.A Sur In l~ne If 

3. Compute line 22 uccording to the i~lstructions giveti in fooc~~ute ( i i i  ) of tl~u form 

4. CompletP lil~cs 23 tu '28. 



7 Mach. Surbeg  at  gnbaa 

B SECTION No. 3 Ind. FA. SvyCOMPANY 

Page ... ... 
D A T E 9 u r t . 1 9 4 ~  

C'umputnlion of Grid Bcarings from Sun or Star ,  horizontal und uerlical ung1t.e deerred nimulfunrowly, 
zcsir~g rotary calclslatitby maclrine. 

a '  

Observer c-pt. R . C . A  Edge Instrument T a o  37 008 Grid M.C, 
A,, 00 0 0  

Lo 73 3" 
Formula :-Con A=eeo h sec A sin &-tan h tan X. 

8 OLservcd altitude 
0 ,  n O !  J ,I 0 1 

18 5 5  5 6  17 5 3  41 2 5  40 I 7.7. 
N 

Z I  1 3 8  
0 r 

So 
n' 

9 Refract,ion (42  A Sur )  0 
-- 0 

--. ~ - 0  . . -. I -- 0 i 
10 Correction lor Temperature.. . . . .O , 

-- - . . .- - - . ~. 
- 0 

- ~~ .-- 

11 Corri.ction lor Barometer. .. . . . i nc ' I~e~  - 0 - 0  I - 0  i - 01 

12 sum =Total refractiorl 0 021 41 
- - .. . ~-..~ . - . ~ 

13 Parallax ( 2 1  Sur)  for Sun only 

14 Correctedalt , i tude=lir1es(8)+(13)-(12)=h I I 
- -- -. . - .- - 

15 ~ . ~ t i t ~ d ~  = x F'"-Lh.+:: 
-. ~~ . . - - . - . . 

16 

17 S i i ~  6 C O .  I 5  8 8 0  to. 15879 + 0 .  15 496 + o .  i 5  4 9 4  
-- ~ ~ - . 

18 Sec X 1 . 0 0  0 0 5  

---. - . . - -. - - - . - - -- - 
19 Sec A 1 . 0 5  692 1 .05  0 5 7  I .  10 925 I. I1837 

- -- - - 
20 Tan h 0 . 3 4  217 0 . 3 2  2 0 3  0 - 4 8  0 0 4  0 .  5 0  120 

- - -- - . -. . - - - -- - - 
- 0. O l  013- - . 21 Tan A - .  - .  

2 '2 Cos A("" + o .  17 131 +0.17 0 0 9  + o  17 6 7 7  +().I7 U40 

23 A =True bearillg of .,"-?? '"I 
--- 

24 R e d i n g  to R.M."' - & a d i n g h  2;:' + 

2 5 Sum =True benring of R.M. 
-- - 

2 6 Convergerrce at line 3 ( 4 Grid ) + 15 + 15 + 15 + 
27 Lines (25) - (26) =Grid bearing oE R.M. 

2 8 Mean value 5 0  o o  04 

NOTES:-(i) Longitude of the l* ~neridian according %s the time i l l  line (4) ia !!".fl-mey 
standnrd st;rn&,rd tilnc. 

( i i )  From N. A. >'or Q.M.T. in line 6 for Sun. 

( i i i)  Compute Cos A on mncl~ine using the formula in bending. 
( 1 ) Set Sec h on S.L. and nioltil~ly by Src A. 
( 2  I bet product ou S.L., turn backwards and check that  P.R. i~,arls M)o. clear M.R. and P.K. 
( 3 )  Multiply by sin 6 turning bnokwerds if 6 in positive ( o r  Nortlt ) or forw~rds  if ncgrtive (or  Suut l~  ). 

( 4 )  Clear S.L. and N.B., set tan h 011 S.L. and multiply by ton A, tur~iing if A is yo~ th .  
hickwards Soutli 

( 5  ) If result in P.R. is direct, entor with n~inus sign in line 22; if i t  is o complonleut, u u b h t  from 1 and entrr  with y l u ~  slgn. 

( i v )  If Sun or Star is A isin 1stu'2n(i quadrant depeadiug on wlicther Cos A Is + or -. 
W 4th or 3rd 

( V) Corrected for 3 Grid. 

r Now -Reduced tu Sun'a Ccnlre. 11 OW-~)I 

Computed by D& Checked by 



I N S T R U C T I O N B  

8 MACH. 

I. Cotnplete hendin~e. 

With Time otul Horizontal Angle & e d ,  loft.hand column of tho form in to be used. 

2. , Complete lines I to 13, ( line 11 being blank ) learing left-hand side of line 3 blank 1f dirertion of Polaris 
has not been recorded in the angle book. 

3. Calculate f in arc ( line 14 ) fro111 46 Sur. wlth ' I '  in time I line 13 ) as argulnont. Completu lilies 15.16 

and 17 a t d  line 3 ( I F  not pmviou~ly cun~ploted ). 

4'. Set A' ( line 17 ) on S.L. and multiply by con f ( line 15 ) for flret deductiun turning the handle furwarde 

or backwards according as con f 18 posit,i\~r or negative. Ibmrd produrL in line 18 to the Ilearest second with 

appropr i~ te  sign. C'onLinlle nlultiplying until cos I of tlw next ~ l r ~ i u ~ ~ t i o n  appeara in M.lt. Hecord pro~lrlct as 

beforp. Contimre t l ~ u s  tnultiplying by cos t lor all de~iuct.ions ( i f  there are Inore than two ). Clear M.R. and P.R. 

bul not S.1.. Conlplete lines ID to 23. 

5'. \Yitlr 3' ( line 17 ) already set olr S.L. rnultiply I,y sir1 I ( line 23 1 turning the handle  forward^. Clear 
L .  I K Set c o ~  ( o ; A ) ( lirrn 22 ) or1 S.L. and <li\.rde. Recorcl quotient from M.H. in line 24 with sign 

+ Y e /  - accordilrg as Polaris ia E/W of ~tloridian ( soe line :i ). 

IVith Hori;o&l urul V~rfical Angle obaenwl, .right-hand colulnn of the form iu to bo used. 

6 .  Colnpleta lines 1 to 17, ( lines U and 14 being blank ). 

7'. Set A' ( line I7 ) on S.1,. Turn handle forwards until 'a' ( line I5 ) for first deduction appears in P.H. 

Hecord tigure in M.R. in line 18 with nnme sign ae 'a ' ( line 16 ). Continue turning handle until ' a  ' ( line 15 ) 

for all renraining deductions in turn appears In M.R. Record in lure 18 as before. Complete lirle 19 for all 
deductions following footnote ( \.i ) given in the form. Complete linos 22 and 23. 

8. Colnplete remainder of for111 as in para 5 abovo. 

' The computations in paras 4, 6 and 7 above may be m d e  on Slide Rule tllua :- 

f ara 4. Set A" ( line 17 ) on ecale A under one end of scale S. Slide curmr to  the complements of angle ' f  ' 
( lirlo 14 ) on srale S. Rrcc~rd value8 on scale A under tha cursor in line 18 with proper sign. 

Para 6. Set A" ( line 17 ) on srnle A under one end orscale S. Slide crlrsor to angle ' r ' I  lirrn 14 ) on .wale S. 
Bring the complelnellt of anglc ( a + A ) line 21 on acale S under tho cursor. Read value on scale A 

above one and of wale S and record in line 18. 

Pom 7. Set A' ( line 17 ) on saale (' abovo I on scale D. Slide c u m r  to each value of 'a' ( line 18 ) UI turn 

on scale C and read OR correeponding values of con 1 on male D. 



8 Mach. S u r b t g  o I  Q n b i a  Page ...... 

B SECTION N O  I ~ n d  FA. S Y ,  COMPANY DATE M o r r h .  1940 - 
Grid 1 (' 3 2  

30 
Nachinc computation of grid bear-img from Polaris 

( t h e  OT altitude obeerved) Lo 60 0 0  

Obaerver Capt.  R.C.N.  J e n n r y  

A sin- t Irrstrulnent T ~ v i  s t  o c k  Formulm :- (a )  A = ( l j  c o s t =  a 
N O  1 0 0 0  coe-(X + a ) A 

t L e f t - h a n d  ~ o l u m n  --+ + -  R l q h t - h a n d  column + 
I .  

Station of observation I P l a r b l e  R o c k s  

Haforring rnark 
.- - -- .- -/- 

3 - u E t .  ( i )  I ~ a t a  w - - 

4 L u ~ ~ g i t u d e  of atation iu lrro 

5 'I'ime ol)servod (j i '  I Altitude observed=h (ii) 18 ( 34 1 16 18 1 3 6  i 23 34  1 4 4  1 19 34 1 43  1 5 4  
-- - - - 

6 Long. of station iu time (34Sor.) 4 1 4 7  ( 5 7  
~ 

7 Interval f r o ~ n  G.M.M. h f r a c t i o u  for line ( 5 )  

-- - (+:!A Sur.) -- - -. . -. . . . . - 
l 3  I O 4  1 l 6  

8 A for liue (7) (22 Sur.) ( iv)  Corm. for T e ~ u l ~ e r a t u r e  SP.."F + 1 0 2 1 09  
. ~ .- 

9 Sid.'l'.or "R" for G.M.M. (0 hrs.) Corm. for Baro~neter l>;r ln.  I o / 5 8 / I 5 

10 SU~=L.S.'F. of observation i ~ u l u - ~ o t a l  rsfrwtiou-r  4 / 5 2  1 37 

11 Curreobd al l i tudu= h - r  I I 
12 1 B.A. of Polaris I Latitude of stutiou=A I 1 1 4 2  1 1 9  

1 in a r c  (45 Sur.) 

1 1 5  1 we t I a iu seconds I+ 0 . 6 7 4 6 3  I +  0 . 6 6 7 7 7  I+ 

17 A in aewnds A in seconds 3 661 3 661  3 661 

20 Lat i tude rnf sh t ion=A 

21 Sum=n+A 1 h - r ~ f r o r n l i n u ( 1 1 ) l  1 34 1 4 2  1 5 7  

18  

19 

oos (a + A)  cos (h - r )  0 BZ 199  
.- - - 

sin t ein t 0 . 7 3  816 
I 

A ill LP""~" - t = A  in seconds 
w s  (h-r) 3 2 8 8  3 315 3 2 8 7  3 315  

A" cos t = a  rn seconds ."/A = cos t + 2 4 7 0  

I I ,  

a O U (  41 1 10 

a5 A (s polaris $) 
.- - 

28 Beading to B.M. (vi i  ' -Reading t o  Polnrls 1 7 1  1 3 0  1 4 0  171 ] 31 ( I 0  I 7 0  ( 3 0  140 171 3 1  I 

30 Menn value 

, 0 1 40  145 . 47  ' 1 2 4  I 15 2 9 - . 0 5 -  11'1 

+ 2 4 4 5  
0 , ,, 

- 

( i ) With  t h o  observed Polnris is " W" if t ( l i ne  1 4 )  is between 0-LBO"; with altitude observed i t  is " W " if h ( l ine  5 ) is d u c r w i n g  
( ii ) Use left hand mlrunn if t i u e  in obse~~vad,  nod r ight  hnnd column if altitude is observed: striku ou t  whichever is not  spplicablu. 
( i i i )  I f  line ( 6 ) is L.M.T., Interval is line ( 5 )- l ine ( 6 ) .  

If line ( 5  ) is L o a d  Standard Time. I n b r v n l  is line ( 5  ) -Standard longitude in t ime ( f o r  India e x w p t  Calcutta, 6 hra. 30 mius.). 
( iv ) Same sign as  line ( 7  ). 
( v ) Add 24 hour8 if negative. 

( r i )  t is between 0-180" if h [ line ( 6 ' )  ] ie $?!?!@!. 
180 -JWU lrhcrenslng 

(vii) Correobd from 3 Grid. 
(viii) From 4 Grid. 

Computed by 

+ 0 1 7 4 6 0  
I ,  I, 

Date 

+ 0 6 6 1 8 5  

I ' I  

Checked by Date 

(3.B.-P.0.- J.S. 3&19-144-600. 



I N S T R U C T I O N S  

13 MACH 

1. Completr headings and linen I to 20, using left.hand column for line 0 to I1 for SUII und r~gh l -hand  
for Stnr. 

5. Set  line 18 on S.L. Multiply by line 17 by turning handle fo rwnrd~  if lrnr 15 iu + ' ?  nnrl barkrarcls  if 
--". Clear S.L. and M.H. Set line I8 on S.I.. and m u l t ~ p l y  by line I Y  t l ~ r ~ r i n g  I l n n d l ~  1,nckwnrda if tlr* 
produrt  sin A con r in +$' and forwards if -"*. Claar S.L. nnd M.R. If ~t is r o m p l f ~ ~ o ~ n L  iq P.H , net 

( 1 - figurr* in P . R .  ) on S.L. Clenr P.H. 'l'urn l~unrllc forwards once. Clrur S.1,. and M . R .  1. Set Itr1a3 20 ,311 S.I.. 
and dividc. Record tlir l i p r e  In 3l.lt.  in linr 21 for cot r\ if Icha t l ral~ 9~tlOllilll. If Invn. t h u ~ ~  :I OllOllO trannfer 

the t i g u m  in M . R .  to S.L. Clmr P . R .  cntl 3I.Ij. t ~ ~ u l  r ~ ~ t ~ l t ~ ~ l y  ttlrnlng l~nncllr li)rn.urds st, tllitl 1~0011111l nlqlettra 
in P.14. 1 me~l,rorol of cot ;\ by "bu i l t . l~p"  tll<*thotl ). 11~.(.0rrl tile ligure ill M.H. in I l r l t .  21 for tun A .  l ' lir *ibm 
mny I>c ( l r t r rn~il ted by inspectinn or  us f i > l I ~ w ~  :- 

If bcforr dividing by ain I ,  P.R.  nhows ~,nwili!.r sign. I I I I V  01 htls 111~ 1)1)pi19ltP aIgI1 In tll11l of  lint* 20. nntl lf  

P.R. shows the rorllplcnlnnt. lino 21 has the aamv S I ~ I I  au in line 20. 

3. Complele the reat of the rornl am ~nntrur,ted un thc forlrr 



13 Mach. S u r b t g  o f  B n b t r  Page...... 

B SECTION No1 In4  Fd J v j  COMPANY. DATE June 1940  
0 r 

b 3 a  30 
Comnpirtation of grid bearitag from Sun or Star, Grid I 

( F o r  K .n r  r - c )  Lo L 0  0 0  
tim cmd latUude being klown m e  

Sun k A 5 h c 1 k h  sun Tw~:rrrk na 1000 , A o  .: 00  

Observer Inrtrument G ~ t d  IVA 
Stor B N H u r t \  star Tavtstock  no IOUCJ ,For  Bany,r..a 

/ 8 ,  0 0  
tan 8 oos A - sin Xuor t -sin 1 Formu].&:-(a) cot A = --- ( b )  tan A - - - ein 1 tan S con X - sill A cm t 

cos A 
-- -- -- -- 

sill A 

P,onyn\o-c s 
----p-.-.----.....--...----.-. 

O a n n a r g > t l o  H . 5 .  

k i n t  u r k  
. .~ . - -  

H i l l  Top 

1 

2 

19 

20 

2 1  

NOTES:-( i ) For Stars, if local Sidereal lSme is known, enter i t  in line ( 6 ) ;  neglect lines ( 7 )  to ( 10) and ( l a ) ,  uud enter in line ( 13 ) 
the sum of lines ( 6 )  and ( 11 ). 

( li ) Longitude of I??'-- n~erlJian w r d i n g  Us time in line (ti) is lnean time. 
ntondord standard 

( iii ) From Abridged N.A: if Stnndsrd N.A. ia used. "I" is 12 hours + Eqn. of time. 
( iv  ) Same sign as line (8). 
( v  ) See forruulle o t  the top. For separate instructions for ~nachine working, sw Supplement to 'r.H.B Chap. V1JI. use 

J ' if cot A is n-ericRuy !em - than 3 . o m ,  
Formuln ( b ) greater 

( vi ) A is 180". when Sun or Star is E. greater than W 
( vU ) Corrected for Y Grid. 

. 

Station of observatio~~ 

Fkferri~ig mark 

Cheeked by 

COS t 
~ 

sin t 

cot A or tan A ( ' )  

2 2 

23 

2 4 

26 

26 

27 

A = true bearing o f  :2r (") 
Su11 Reading to R.M.("ll) - Reading to Shr 

Sum 

Convergence a t  line (5) ( 4 Grid ) 

Lhea (24) - (261 = Grid bra~,ing of R.M. 

Mean value 

+o-. 50 7 9 2  

+O . 86 141 

- 0 .  0 7  531 
0 

-0.  
-. - - - - - -. 

-0 .  

- ' 

1 11 P I  

- -. 

- 

0 

- 

+@. 66 5 9 9 
- 
- 0 .  14 596 

+ O .  84 711 

24 

34 

5 8  

51 

07 

49 
- 

140 

189 

+ 

I90 

l 

- 

2 7 4  18 

-0'  
- - - -- 

-0 .  

- ' 

- -- - -. 
- 

60 ' 

335 
-- -+ 

- 
Z 

3 

0 , "  

4 3  
. - 

0 4  

48  - 
29 

18 

56 

14 

53 

O ! N  

-- 

- 

54 

I G  

10 -- 

66 

06 

----- 

- 
I 
I 

1 



I N R T R U C T I O N ~  

I4 MACH. 

I. Complete hoedings e n t e k  aphemid in usa. sheet number. striking out 'Metres' or 'Yardd' whiohsvet 
in not npplicable. 

2. Complete linos I lo 5. 1. 0 14 17. 23 and 24 am instructwl on the form For hen  13.18 and 24 mb (Ap -.S ) 
on 6.L. onre for all, multiply by coneaponding cllangoa for I' and rerr,rd the m u l h  for the oorrasponding qucurtitiem. 

3. Set line 6 on S.L. Multiply hy itsslf turning handle k~rwarda and rerord the product u, l ~ n e  0 with p m p r  
derinlal lroint ( oonaidermg l o - *  alao, i.e. the docin~nl point in I1.H. to  bc all ifhi  by nix places mom to the left ). 

Complete llne 8. Continuo niulbi!~lication until M.R. ma& l u ~ e  17 and w o r d  P.H. in lino 18. Cloar S.L. and M.H. 
SeL line 14 on 6.L. Multiply by line I I turning I~andle hackwnrda if JI. is numerically greater than 30.000' other. 
wim Corwnrda. R e r o d  tho Ryum in P.R.  in liue 20 ( leaving line 10 blank ) with the same nign M ill Line 6. Enter 
in line 21 the constant appropriate to tho gnd used. Complala line 22. Clear M.R. and P.H. but not 6.L. Multi. 
ply by lule 8.  Hccord the figwe in P.R. m Line 20. Cmrnplate line 27 ( leaving line 26 blank 1. 



. . - - - - - - .- . . - . - - .  
I I '  

- .- - -. . -----A i~ . 
. 
~ 1 7 %  i z c o  1 I I I I !  j I !!!!I Ly l 03  w l l ~  IZ 

I 1  
I I I  ( I  I I  I 8 1b+ I L V Z  , t  

I 1 1  ( d J" Z [ l ! w z r  1 '3 = mns : zz  
0 . 0 0  j 1 0 . 0 0  1 0 . 0 0  1 1 0 . 0 0  ( 0 . 0  0  / I 0 .0  00 / 0 0 ~  i ' (**!?!sod e a o ! ~ s s ~  ~ p a q n r u  cq) ox qarr).ioo3 IZ 

-. -- . - - -- - - -. --- - . - - -- - -~ i--- 

I - .  O l b r  l i b 2 ~ ~ ~ c  . I I - .  I I I - .  ! I -  ' 9  = mns i oz 

I I I I I I I 
. .. - 

' 0 .  - ' 0 .  - I 0 .  - 0 .  - I 0 .  - z c s  100. - I , ,,, ;saas ( 'y - "y ) Irg  uo!l.clod~a)u~ / 81 

a . I . I . I . I . I S C Y  9~ ' (u)=tarr!l+gau!q=mn~ 8 
I 

- + 
I I - I - . I  - (,) !lv -. JOJ - -- N,!l 

- 7x0 0 
- - - -- - - - -- ' L  

. 1 
I 

. I I I 6 s e . Y ~  9-01 X :( ,,?V ) 9 

- 
k I - . 1 / - / - 1 - D i  5 5 1  I B  + ,? v 9 



I N S T R U C T I O N 0  

I 5  MACH. 

I. Complete  beading^. Record length. of t a w  A. B. C and D. mavured lengths of junctions. tape nulnber, 
latitude, temperature. height above M.S.L. and draw cotenary d iegnm &owing supports. Enter obaerved angles 
of slope ( in minutes ) to  cnch support, writing the angle for the n e a ~ d  end .g&t a1 and working u p d .  Enter 
sign. of angles ( positive for elevation or negative for depre~ion) .  

2. Set a, on S.L. Multiply by 4 turning handle forwards if a, ia +.* and bnckwardn if -".. Clesr S.L. 
and M.R. Set a, ~d multiply by 3 turning hnndle backwards iT an in +"* and forwards if -"'. h c o n l  figure 
in P.R. against ( i f  P.R. sl~own complen~ent, find direct numbrr rnelltally and record ). Clear P.R. Turn 
handle until M.R. reds O W ,  thereby registering 3a, on P.R. for next operation for pa. Clear S.L.  Set a, on S.L. 
Mulbiply by 2 tunling handle backwards if an is + "  and forwado if -'a. Recorn1 figurea in P.R. against 8. us 
before. Clcnr P.H. Turn handle until M.R. rends 0000. Clear S.L. Set al  on S.L. Turn hnndlebuckwarda o1a.e 
if 01 is +'* and fonvanls if - "*. Record figure in P.R. against Bn as bcfore. Record al  againmt PI. 

3. Look up  dope eormctions for ench value of fi in iablc or1 beck of Tom and record in approprietc. plnaes 
in right-hand column. If one or more eupporta are miasillg. follow w i a l  instructio~~s in 'Note' on LMok of form. 
Also h d  out corrections Tor tempemt~lrw. height, cntemry and enter theln. Catenary correction for )-chain base 

with one support mineiug iu the sun8 of cormtiolls for ?-chain bane with 2.chain interval and l.chnin heee wit11 
1-chain interval. Similsrly, for 4 c h a h  it in the sun1 of corrections Tor ench seetion. Add the entries w ~ d  
transfer total correction to left.hnnd colrunu in the appropriate plnce. 

4. To get h in grid yardn net '1' on S.L. and.multiply by scale fartor ( - F ) and record figures in P.R. 
against " Hose in grid pde. ". If lcn@h of bese in required in nletrea, trunsfer figure in P.R. to S.L. Multiply by 
0.91440 nnd record the p d u o t  ngainmt "k in grid metres". 

5. If  using log tables complete right-hand bottom of the form (directed by amow mark ) as instructed thereon. 

N a e  :-Temp. and Hp~ght corrertlons for 3-chain base am the sums of eorrertions for 1 & 2.chaln base. 

C w m d h s / o r  Catenary, Tampsralurr $ Hdqht. Correction in fut for sloprjw OM saclion (alunya- ") 

Interval he 

120 t0 .013 j+O.V'C +0.098 +0.052 

180 +0.017 /+0.034 +0.052 +O.OGS 
-- 

0 .mI ,000 .m .000 

1,000 -0,009 1-0.006 -0.009 -0~013 
! 

2.000 -0.0Mi / -0,013 -0.018 -0.026 
I 

NOTE:-If one or more supporta are omitted the followir~g procedure is to be adopled:- 

6 orreo P Correo- 6 Correc- 6 Cornc- 
Min. tion i n .  tion l i n .  tion ~ i n . 1  tion 

- ~ . 

0 0.- 110 0 . 0 ~  176 0.086 
14 0.001 11a 0.035 17.9 0 . a  

( i )  In column for a,. a, etc. the lines carrespouding to the miming suppurt6 are to be left blank, 1.e. 
if the 3rd support from the near end is missing, leave a, blank. 

24 

30 
3 G  
41 

45 
I 9  
53 

(ii) 111 the colulnll giving 8,. 6, e t c  for bays ill which one or more supports are missing, 6 for e ~ h  

tape in the bay i n  given by theforrnula8='M"-%, where the furlhar support of the bay is at 
m-,I . . .. 

tltv rn'Vunl:tion between tnpes from the near end and the nearer support is at the n" jUJI~ti0n; 
the vrl.tlunl angles Lo these supports being a. & m. resyeolively. 

0.002 

0.003 
0.004 
0,005 

o .wd 
0.007 
0.008 

0 . 9 6  18.r 0.105 2001 0.189 

0.049 llKl 0.1og 

76 0.016 112 0.056 208 O ~ I Z I  274 ' 0.210 
77 0 0 1 7  1 0058 110 0 2 3  8 6  0 2 . 3  

114 

116 
118 
120 

122 
124 
126 

98 
100 
102 

104 
106 
108 

0.036 

0.038 
0.039 
0,040 

0.042 
0.043 
0 . o ~  

0.027 
0.028 
0.029 

0.030 
0.031 
0.033 

180 

182 
184 
186 

188 
190 
lt43 

164 
166 
IBH 

170 
17% 
174 

0 . q ~  

0.092 
o-ogg 
0,097 

o.ogg 
o. I O I  
0.103 

246 i 0.169 

248 0.172 
250 0.17) 
262 0.171 

254 0.180 
266 i 0.18 
268 j o . 1 d  

0.075 
0.077 
0.079 

0.081 
0.083 
0.085 

0.148 
0.150 
0.153 

0.155 
0.158 
0.161 

230 
232 
234 

236 
23H 
240 

206:0 .245 
BY8 1 0.248 
300 ( 0,251 

( 
, . 



t & 32' 30 
15 H u ~ t e r  Short Bade ar id  I 

:h<  hcl,* 3 u n  sio>,n, ~ r r  ~d , UI . dz I* L 6 d  00 

Length in yds.-l + If wing log tables. eomplete eomputatlon below: 

Sum- log b u e  

Img oonverrion 
lector 1 . 9 6 1 1 4  

corraetbru 

I d  - 
=A;dl 

f& 

-0 [I2 3 
(a) 

(3) 

- - To be entered at nit* - -- 

Bw In grid metres 80 336 

(1 ) Mean temperature during observetiona of s d l  angle. 
(8) In  minutes; ignore if all a'# me less than 4'. 

If any NII port is miesing, leave the corresponding angle blank. 
From tabye on reverw. 

4) Each B is the olgcbroie differenoe ; the signs of k,, 3% eta., muat therefore be tekan into account. 6ee 
h o k  of form if any support# u e  omitted. Beep. 8 of Deprtmental  Paper No. 10 for precise formula If 
anyBis  ter than W. 

(5) From a Cirir 

Cmnputtsd by f i l e  Checked by D d e  

Tape No. 

k t l t u d s  

1 
l 7 o / ' T e m p n ~  

D 

C 

A 

R 

0 2 b b  

- 
0 283 

J m c W o ~  

O 2 7 I  

0 2 6 6  

I 

j3* I - '  

76.P 

- 

65 820  
. -.- 

Length (ft. ) 

- 
c5 741 

a5  136 

I Enter tow U all tam u d  I 

C 

O ; A L  

65 '46 

. O h r v e d  u q l e  

263 051 I I 345 

'I 2 

- 

%(') 

- 

s1 (a) 
Inear and) 

b, 
- 

sum 
----. 

f i b 1  wrreobona 

Sum-Len h of 
t a re  In kt 

_ 1 9 3  7 'Gbuy:'f:;L 
-- -- 

+ 1 8 7 3 '  

7 

- 0  2 .  

. -- - 
- 0  0 4 '  

t- 
- o ! ; h  

- 5 3  

" (3) 

3% 1 -  , ,  4 19 . f 
- --I 

2 6 4  3 9 6  

- 57 1 

263 86L 

3 5 0 0 1 ~ - 0 0 4 4  

T 271 8 ' 

- 
-- 

238 b 

2% 

.I 

Qtenary 

, 4  
B4()C,-3aa 

-- 

-0 lbc 
(3) 

' 1 8  6 
P 

; 
I 

- I &=Po,-s, 

Totslcarmtwns 

- B I - ~ I  



I N B T R U C T I O N B  

16 MACH. 

I. Complrtr headings striking out "8tatioru" or "Points" whichever is not applicable. 

2. Con~plete lines 1 to 11 ( except linca 7 and 10 ) ss instructed on t,he form deleting metres or yards which. 
ever ia not applncnble in linc II. Enter lines 16 and 23 and find out "k" [ line 7 ; see rootnotc ( ii ) 1. Complek 
line 10. 

3. Set line 8 on S.1.. Mt~lbiply by 3 ( o r  3.28084 if working III metres ) by turnin8 h d l e  forwardn. Cltpr 
S.L. nnd M.R. SPL B P ~ I C  f e ~ l o r  nnd (l ivid~. Rerord the I ~ ~ I I I P  in M.R. in Line 12. 

4. Set line 10 on S.L. and nlulhiply by line I2 lun~ill(r llandle forwyds. Transfer Iiyl~rr appearing in P.R. 
to S.L. Clear B1.R. and P.R. and multiply by line 11 tnrnlng handle forwards. Rerord pmtluot in linr 13. G m .  
plete lines 14. I0 nnd 17. 

5. Sct line I? on S.L. Multiply by line 17 and record the pruduct in line 18 with the @erne sign an in line 18. 

6. Complete the mmaindar of the form ss i~~s t ruc ted  thereon. 



aa!?uresgo Jo no!le)n m I! m"0 JO r@s &wq3 ( X! ) 

1 
'+WOUZ.E Lq L[d!alnu .- shmln 1 4 1 s  do) d ! g  (!!!A) pa3  p!~2 01 seaqem pu13 ?leaurn o b  'PUO R moq ' a q m j  alms i moqn!p p!r4 = momsrp an,& (a!) 

.yv se ~ 3 1 s  amcp mq yp (!!A) . ( a a d a p  q w s n  aq? 03 sanpa ) u pun y l u e m d l e  ql!* alqsl J y o g  '111 vsd 'salqn~, ~~m[!rnv (n!) 
':I pno 91 neuq m nS!s amav mq qv ( !A ) -otq w!aiaqio 700 m! q J! panu eq ~JIII*A ~ q o q q ,  ,111 l r s d  'ealq*& L8l[!xnv -rns ( 0)s alqs& ( !!) 

.,,,,!-dap ,o n q l u e l e  s! @nit p a m q o  aqq so 2mpaonn - ao + a! ( A )-: mm ' a p w  area wo!qeaaaqo qa!qa ?a no!)sls eq) e?w!pu! o? l q m n u  uo!lonplp raljn .. a .. ro ,, v .. iaau!a ( r I -: UJJON 

0.0  0 .0  . 0.0 0 .0  0 .0  0 . 0  0 .0  0 .0  0 . 0  
-- 

~ ~ 

=IT ,I: MI I i I WI $61 I MI 
I -  P 1 ' v I -  r _r - I V  

mq3u! . saqm! . 

-- 

0"' 6.- 

83UWJ J O  BUO!#U#S p9/Ul?lfiUW+L~ JO '2uzyaUul fip mo?y~?ndzuoa l y 6 . w ~  
1 I?? 

O'i . I €  .r 0961 ' ~ ! ~ ~ v  3 1 V a  ' A N V d W 0 3  ' [ " s  P A  'pUl  I ~01133~ 8 

.--...@a a a ; ~ u @  30 aauzag ' C ( ~ ~ Y Y  91 

saqaq . 

8"' 

0- 

~atpn!  . 

L"' 

saqam . 

9"' 

saqan! . 

.- - 

S"' 

saqJu! . 

P"' 

saqan! . 

E... 

9L 

saqan! c ' s z  

€7. 

5 q  uqnc, l n u ! d s  

V z... 

SL 

saqau! 1 ' 5 1  

E 2 

? c ( ~ o d d o S l  4 0 1  

V I--. 

ia)aorom~aq,~, i s  
a q a m o r q  ' +  

8 uo!3sls pmnpaa 
- - -- -. . 

v ~o!?sls P~=!J 

C 
---A 

7. 

( ! ) .WN Qo!la"F'W I 
I 



I N R T R U C T I O N S  

I7 MACH. 

I. Complete hea~linga. In  upper troll of the forn~ m t  up stations, enter ohnprved a n ~ l e s  (corrected for 

3 Grid ), ermr, and warrectal q l ~ e  in apprupriaM colutnna. W r i h  down slrleu of crn're~%%l allglea and aide 

AB for -11 tr imgb. 

2. Il'ith Singls MucAine.--Set A B  on S.L. Turn handle forwards onve. Clear S.I.. nntl M.lt. Sot sin C 
on S.L. and divide. Sat the figure in M.R. on 8.1,. Cleur P.R.  and M.R. Multiply by sin A I I I I ~ I  rrroni tile produut 

against side UC. Continue m~~ltipliration until M.H. -is sin B. Record tllr p r o ~ l ~ ~ c t  aguinrt ~ ~ ( l e  ( ' A .  Continue 
~nul~iplication lu~t i l  M.R. ten& sin C. r'heck that the figure In P.R.  equals aicln AH. 

Il'ilR Twin MutBiru.-Set AB on R.H. S.L. Turn 11andle forwar& oncr. Clear S.L. and 3I.R. Set sin C 
o n  R.H. 5.L. and divide on right-hand machine. Clear S.L. and both P.H.'s. Connoct mavl~inen in parnllel. Set 
sin A on L.H. S.L. and sin B on K.H. S.L. Ton1 handln llntil 3l.R. W M ~ R  0000. R~*rur<l t ig~~rea in L.H. P.R. 
against side BC and H.H. P.R. lrgallrHt side ('A. 

3. Enter statiols whom ro.onlinatee are recjuimd in line I on low~.r.l~nlf of the form. C'otnplett. lines 
2 ta 10 acronling to inatructions given th~reon.  striking out yardn or metms rrot applicable ill line 10. 

4. With Single .Iluehine.---Sat line 3 ( EA or En ) on S.1,. Turn handle forwardn ieonca. C'lear M.R. and 

S.L. Set AC line 10 ( AC or BC fmm uppor-half of the form ) on S.L. anrl tnultiply by  in 8, lure H ( or sin 8, ) 
turning the handle forwards or b~ckwards according rn sin 8, ( Ilne 8 ) is I ' c  or pVC. Rerord and e n h r  lhe figure 
in P.R. in line 11. 

Similarly obtain Nc aubstih~ting NA ( or Nu ). Cos 8, ( or con 8, ) for EA ( or EB ), sin 8, ( or sin 80 ) resp~t ive ly  

in the above instructions. 

W'ifh Twin Muchine.-Sot En on L.H. S.L. Set NA on R.H. S.L. Conn~ct  ~nachinos in parallel and tun1 
handle forwards once. Clear S.I.. and M.H. Sot .in PI on L.H. S.L. and cos 8, on 1t.H. S.L. Connect rnachine~ 
in parnllel or opposite arcording as  sign* of sin 8, and ros 8, are same or opposite and lnultiply by A C  turning 
handle fnnrards or bnck\vanis uccording 11s ros 8, is positivo or negative. I.:,, then appears in L.H. P.R. and 
Kc in R.H. P.R. Check by recomputing, substituting Eu. Nu, BC', sin 8. and cos 80 for EA, NA, AC, sin PI and 
cos Pi. Check that  both values of F:r and of Nu agree. 

6. Complete lines 13 ta 18. 

0. Set AC h e  LO( or BC ) on S.L. Multiply by 3 ( o r  3.28084 if working in metres ). Set f i p m  appearing 
in P.R. on S.L. Clear P.R. and M.R. Multiply by line 17. Clear S.L. and M.R. Set scale factor F ( line 18 ) 
on S.L. and divide. Record the figure in M.R. in line 19 with the same sign M in line 17. 

7. Complete remainder of form ps irurtructed thereon. Check agreement of heights and enter class~fication 
of pointa in Line 1 R.H. half column. 



17 Mach. S n r b t g  of anbirr Page ...... 
0 

n SECTIONhd Fd COMPANY. DATE AUQW arid I I::::  2 
Machine computatiotr of a'dee, co-ordinate8 and height0 of tiiiwgulation 

E'ormulw 

" ' 
" I  

- , "  
5 Boering at i s  

-- A 

2 4 4  5 4  2 2  b e - '  5 4 4  -- 22" - 

6 Corrected angle BE + 7 7  2 4  4 5 - 4 1  1 3 , 0 6  + 
- I 

7 Sum =" =bearing a t  $ of C 
h .  I --- 

8 
sin 81- +" 11-1W 

8.  -.. IN-Y60 - 0 .  1-0. 

B 

3 

4 

9 
8, +-. nu- 

- - 
W s A  +O 79 142 4 - ; O x -  -0. 

LO D~stanoe 5 4 5 3  4 1  8 0 7 7  I 

11 Eastlng of C =  Ec [formula(Z)] 3 250 6116 Z 3 2 5 0  6 0 6  3 

( i i i  ) From 2 Grid; mey genernlly be taken a9 unity. 
( iv  ) Sume sign as line ( 17). 
( v ) From 41 Grid (or  eguivslent b b l e )  for AC or BC: not required for Came 111. 
( v i )  Minurht.ofSignalstC(CnseI)andAorB(CaseII),or~(SA-So)ort(S.-Sa)(C~1I1). 
(v i i )  Change uign for Case 11. 

Stution $ 
Eesting of + = 2 

. 

Nnrth in~  of %= 2 

Cmputed by Dak Cndckad by D d c  

'3.B.-P.O. 4 . S  37 -18-1-44-600. 

Tlrhhot,., h.r Paneb.! h S 

3 2 5 +  0 1 9 . 7  ( 3 2 4 7  441:4 
. .  I . . 

I 1110 L c ' ~  1 I 0 9 7  2 H S  7 

~ - . - -  

I 



I N W T R U C T I O N R  

10 MACH. 

I .  Fill in the hendings end r o ~ n p l e k  the form to line 7. 

2. Compute line 8 from the formula ( 1 1 given a t  the top of t h ~  h i rn~ as liollows : - 

Set line 5 on S.L. Multiply by 2. Transfer pmduct to 8.1,. nnd turn 11a11~llo hockwnnls onre h) 4,hec.k 
that  P.R. reads 0000. Clpnr M.R .  Multiply by line 6. Transfer the prudnc~l' lo S.1.. na abu\.o. ('hrar hl.l{. and 
P.H., and multiply by linr I turning I~undle fc~rwnnis or backwards avc.oniiny a* t l ~ r  srgll nl' litw 7 is I -  *e or - v*. 

NOTE :-In ?&I whom the n l l n ~ h r  oTdigita of such produrt errluding tho decimal* is D. it will hr enougll 
to take the number corrert t,o the nearnet integor. The Marcharkt Mwhinc in n c ~ t  snihnblo if a11rll protlnrt rul~tnina 
Rgurea more than D inkgem. 

Clear M.R. nntl S.L. Set lilla 5 on S.L. and ~nultiply by the nnnw lirw turning I~anclle fursa~du. Clear M.H. 
and Y.L. Set linr 0 on S.L. and ~nultiply by the earne line by turning I~nndle furwards. Hrrorcl 1110 tigun.s appwr. 
ing in P.R. in line 8. 

NOTE :-Cam rnuat be tnkon to det tllu nun~bara in S.L. with due mgnrd t.o ~ lor in~al  PIIICUI, 

3. Obtain sqllarc root of tigurrs nppraring in P.K. by the rnwtl~ud d~wrritnd In the Preli4,e to bhis Supplr. 
mont page v. Reroni t h ~  sclllar* rooL in line 0. 

4. Complete line 10. 

6 .  Set, line 9 on S.L. and t ~ ~ r n  hnnclle forwards until line 10 appears in P.H. Set tigurra 11ppoari11~ in H.H. 
on S.1.. Clear M.H. and P.H. hlultiply by line 5. Rrcord prodnrt in li~lv 11. ('untinue n~~~l t ip l i ra t i t~n  until 
line 6 npponr* in M.R. Hec.ord prod111.L in line I?. Continue ~nultipliration until lint, 9 uppears in h1.R. C:h?ck 
that  P.R. now show8 lise 10. 
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Orid 1 

B SECTIONNO 1 1.d F d  s l y  COMPANY, DATE June 1940 

-Uaclti~ic. Cor i i l ) i i la l io~~ of fl,.ictrrylrn g i rpr~  trro wiclrc, arrri llrr i~rclrcded tr~rgle. 

SURVEY W a z t m s t a n  
-- -- sin C sir1 C 

F,rrll1ulz: -( 1 ) AB = , 2 nC.bC ( -cur C )  + Be+ AC1 ( 2 ) ~ i t l  A =  iLI x BC; ain B= AB x AC. 
- 

1 I St~ttion A S i r  tr,ir d i  l r  r 4 , 

- - -- - . . . . . -- . - 

- .- 
!- - ,,- 

- 

- - -  . .. 

2 Station I3 l'.+r~obs, -3 r 

1 

6 

7 

8 

. . S i n  11 Sin A'""[frorn forri~ula (2)] { I :  1."' - 4  

St+tiun A 
. .- -- 

- . - - 

9 

-. . . 

Tr ~ i a , u c o . ~  

8 I ~ B ~ ( ~ " ' [ f l . o ~ n  for~ilula (111 

9 / AB'"~) [from fortnula (1  j] 

10 ) s i n  C! 
-1- - -- 

11 / ~ i n  .\""[froin formula (2 ) ]  
.-~-t - .-. - - 

1.7 Isin B'ii"[from fortnrila ( " I ]  
.- - .- 

-. - 

AC (ii) 

JIi9iun cos C 

AB'["" [from fornlula (I)] 

NOTEE :-( i ) Corrrctrd for 3 Grid. 
( i i  ) (:rid distance. 
( iii) See 'l'.H.H. Cllap. \'I11 Supplement far maehino working. 
( i v )  If a~~glr  C is less tl~an 90'. check quadn~nts of anglen A and B by oon~puti~~g first thw angle whose Sin ( liur 11 

or 12) is rlnaller ; this n~~glo will bo in tho first quadrant. Than verify that the unglwa at A. I3 and C total 180". 

AC'"' 8 Y 73. 1 

li I - . -. . - . ..~. -. 

8 

. . . - . 
2 

- 
AB'"') [from formula (l)] 

13 

14 

Computed by Date 

G.B.-P.o.-J.S. 4 4 2 . ~  18-29.8.44-iw. 

Station ( J  
~. 

. ~ 

k o h l  :,:~r-h 5 

-0. f,4 5 4 4  -0. - 0 .  - 0 .  

"' Z ' Y  '"'. 
. - -- . . - .- - - - - . . . . . . . .- . - - . - . . 

@ 017.1 

0. 76 ? A 1  0. 0. 0.  
- - ~ 

0: 9 5 18 3 0. 0 . 0. 
- -- -- -- - - - . . - .-..- 

0.  8 4  4 5  5 0. 0. 0 . 

Stntion B 
-- -- 

-0. 

-- 

Cheeked by - D d e  

C , 1 'I--- 
-~ 

0 
49 

1 3  

I4 

.. .- 

0 - 7  

- 

0 

Angle A'"' 

Angle B"" 

- 

. - - . , - - .;, 

.. 

4 

5 
~ 

,- 0 

.- -- . . - - 

3 
- 

4 

5 

r 

. . - .. 

-0. 

1 1  

10 065.4 

~- ~ - ~ .  - - 

I 

4 8  Ii~~.luded atiglr C'") 

BC ' 1 8 '  

Angle A"?' 7 2  
- 

Angle B"" 5 8  

Station C 

Included angle CIi' 

BC'i'I 

,I 

U:  

-- 

-0. 

0 

- .- 

0 8  

~..~ 

- 0. 

0 

so 

I 

I 

03j 1 5  i 
I 

,I 0 I 1, 

- -- -. r -  LT-T-- I f- 
j 



I N S T R U C T I O N S  

21 MACH. 

1. Complete heerlinga end enter names of stations arld offbets ( para (I below ) in oolurnn I. 

2. Con~plote columns 2. 3 and 4. In  col. 3, the corre~*tion to the observe<! anglw i. to  be entered if bearing 
id observed st beginning and end of line in which cam the correction is to  be applied evenly .nlun(( all the angles 
observed. 

3. C'nmplete column 5 ,  care being taken to see that  the disbnce 'd' is rorrm.terl for s l o p  and i t  is in grid yards 
or metres, striking out whichever is not applicable. To convert true yards or metres to grid m t  scale factor on Y.L. 
end multiply by horizontal distance in true yarda. 

4. Completc r~olw. li and 7 with appmprinte signs for all statior~s nnrl oRset.n ( sen para I1 below ). 

5.  Enter R n ~ t i ~ r p  anal Nort.hing of starling station in vols. 8 and 9 luld compute tl1t.111 for all otl~car atatiollw 
( end offaeta) according to for~nula ( a  ) on L.H. top of form nn follows, striking out yards or metres wl~iohevrr is 
not applicable : - 

Il'itlr Single Machine.-Set Enwtlng of atarting station ( El ) on S.L. Turn handle fnrwardhl once. Sot sin ,9 
( Col. 6 ) for tirst leg on S.L. and multiply by d (Col. 6 )  fur lirst leg turning handle rorwanls, if sin fl iri positive or 
backwards if negative. Ensting of aerond atation ( Em ) will thun appear in P.H. Clear S.I.. u ~ d  h1.H. only. Sct 
sin 8 (Col. U )  for serond leg on S.L. nnd multiply as above by r l  ((!ol. h ) for ascond leg. Eastiug of third station 
will the11 appear in P.H. Continue as abo\.e for all stations ( nnd offsets ). I t  is only naceasary to record I*:natinga 
of stations which nra roquired for lu.rthnr obwervation or con~putation. 

Northings ( C'ol. 9 ) of all stations (and  offsets) are now colnputed in enartly theea~rtn way us Eastinga, csrept 
tha t  tho northing of the firat station is ilritially set and tlrercafinr uos B inatend of sin ,9 is rrst on S.L. for multiplira. 
Lion by -' d '. Here, howe\.er, the second formula in ( a ) sllould be used. 

Il'ith Twin .Mrrchine.-If a twin marlline is w d  Eastings and Northings ran be roinpnted simult~nucously 
using the L.H. marhine for Enstinge mcl H.H. for Northings. Multiplication by ' d '  for each leg is done with tho 
coupling dirert/re\~erued if sin ,9 m ~ d  con B have ~ame/cppositc sign. 

6. Offsets are entered in their correct position in the line in the asmc colunu~ as stations with ( H ) or ( L ) 
and tho diatance ( 8 )  along the offwet nry writton ugainst them. In  col. 6,  the distance ( d o )  along the lindto tlro point 
fmm which the olfsot was lnndo is entered in brackets. I n  col. 4, thu bearing of the offset ray oquala tho boaring of 
leg +00" B r  oITaets on right and -00" for those on left. The oITwat is then colnputed es follows :-( See diagranr ) 

~ e t  P be the point on line AD f m n ~  which the offset was takm.  \$'hen P.R. still shows tho eu t ing  
of A, iwt on 8.L. sin fl (value from colunin 8 against B, i . ~ . ,  fur bearing A n )  and multiply by do. the dist~ltrtr In 
brackets in column 6.  Clear S.L. mlcl M.H. 

Now aet on S.L. sin ,9 (value from colurnn 6 agaillst offset. i.e., for olTset bearing') mrd multiply by a, the 
distance from P to  tho offwet. 

P.R. will now show the ensting of the offwet. Record i t  in the form within braokets. Now turn hundls 
till M.R. shows 0000. Clear S.L. Set sin ,9 ( value f r o n ~  colu~nn 8 againat B for bearing AB ) and multiply by the 
dlgerence ( d-do ) of the distances in column 6, that  against B minuu that  in brackets against olfset. P.R. will 
now show Ensting of B. 

To coruputo northiug of the omset from northu~g of A. repeat the above procedure with the corresponding 
values In colulnn 7. 

7. Triangles are computed separetely on form 34 Mach. with single machine, or 33 ~Mech. if twin n~achule 
is  available. 

8. Corrections to  co-ordinates are mnde in spaces provided if traverse starts from and closes on stat.ions 
of known co.ordinates. Corrections to co.urdinates dould be applird in proportion lo the l e ~ ~ g l h a  of the linrs. 

0. Complete columns 10 and 11 and fill in height of tirat station in column I?. Set this height (HI). on S.L. 
and turn handlo I~~rwarrlw once. Clear 6.L. n11d h1.R. Sot tan r for first leg on S.L. Multiply by 3 ( o r  3.281 ) x d 
for first leg turrlinp hnndle forwards, if tan e is poaitive and backwards I T  negative. Height of necond station thrn 
appeara in P.H. C'ontinue as  above for all stations and offiete. 

I f  line starts fmln end cloeos on atntiu~rs of known heights, diatributo romctiorla to  heigllte in c o l u ~ n ~ ~  pro- 
vided amoug the longeat sides and not iu thuae whoea ditTerencea are greatest. 
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26 MACH. 

2. Complete lines 1 to 6.  

:I. Sot litlo 5 on S.I.. and n~~llt iply I I ~  litlo 4. ILaconl rnarllt to  3 <lrrin~ul pln~.ra in l i ~ ~ r  6. Clonr S.L.. M.H. 
and P.H. 

4. ('otnylete line8 7 lo 16. 

5. Set lint. 15 on S.L. ulrl ~nultiply by line 9. P u t  indiretor to  rornvt  111,rilnal poilit in P.l<. clear Y.1.. 
ant1 M.R. nncl #et figure in P.H. to  0 .  I (lecin~al on S.L., and c.ltar P.lL U I I ~  ~nultiply hy line 10. I'r~t indivalor 
to indieah bhe r o r n r t  decimal point. Clear S.L. a1111 >!.It. Set lint. 13 UII S. l r .  Sllilt I3.l{. w Illat  nit tigum 
in P.H. is untler the 1111it tigum or  the ~nllnher S.1.. I I I I I IO I3 is t~cl/ntivt.. t.nr11 IIHII(IIP OIIN.. Iorwnral nnd m o n l  
1.110 wault in lino 16 wilh negnlivv H~RII .  I I  l i t~r  I3 in poailiv~r turn I ~ u t ~ ~ l l e  orlce bnckwar<la. P.R.  dhows ron~plo. 
~nent .  Hec,ord bile n u ~ n h r  in liluc\ Ici with pogitive sign. 

6.  Now ro~nplsle lincu 17 la 23. ror~iputing lino 9U on ~ n w h i l ~ o .  

- 
7. Cornpl~.ie lines 14 to 90. 

8. Set linn 2U on S.I.. and n ~ ~ ~ l t i p l y  till Rgnrrs U T  litla 29 nrm rtq~roduc~d in P . H . .  ( i.e.. tlividr line 19 by 
l k a  28 by 'b11iM up' method ) end record tlw ligurea in >l.li. in line 10 t o  sr\.en rlevit~~nl plursx. ('lenr S.L., P.R. 
and M.R. 

9. Complete h e 8  31 to 33. . C-._ 
10. Set line 33 on Y.L. and divide line 39 by 'built-up' method, aa in para 9 sbove. Reoord the figurcw in 

M.R. in line 34 with the name e i p ~  as line 29. 

11. Compleb the reet of the form =cording the instructions given on it. 



Ontbeg of a n b i a  
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SHEET NO. 

Machine Conryulution of Latitude of interaedion of .w&l.d p i d  2 ~ 2  rn .Udd *hlr ~on~ilude Lditdc 
0 

Grid co-ordinebs of True origin OoO 

(4 1 0 0 0  000 90 00 

vorlnulm:-(l) S , = N , - ( g - N , )  b n ( ? t a n  i. ( 2 )  Sin C-B,/(E,-8,); 6 ~ -  -2.- a i n A . .  

E v r r e o t  SPHEROID IdWiBB etr YARDS 

I I I I I I I I 

Selected latitude- A, 1. 25  1 2 2  I I 1 1 I I I I I 1 1 

1 Saleoted long.=L, 
- -- 

3 Long. of origin =Lo 

3 ' AL=L,-Lo 

4 AL in sewnds 
- . -- - - -- 

21 - 
22 

23 

5 

6 

8 2  

90 

- 7 

sin A. (7 figures) 

( 4 )  r ( 5 ) = C  in sccolids 

7 C= wnvnrgence 05 1 ~ 2 . 4 3 7  

AA ( i i i )  

A.-Lmt. corresponding to  5. 

Sum=A.=Lat. of cutting point 

26 

27 

2a 

Computed by 

x - 
00 

03 

4 s  - 
0 0  

I 5  - 

. - . -. 

8 

0 
.- - 

a0 

30 
- 
31 

32 
-. 

a3 

34 

85 

38 

37 

Dale , 

- : 5 3 9 5  
- -~ 

0 .  4 3 8  3 7 1  2 

1 1 1  3 2  , 4 3 7  
0 I 

&-4 ~ ( 1 4 ) - ( 2 5 )  

Selected Pasting= E, 

E- 

Checked by 

I i . - ;;; - ~- 

I  

I L 

. -. .- -- - -. - - - - - 
C 

- - 

NOTES:-For Instructions for working on mncliine see T.H.B. Chap. VIII supplemrst. 
( i ) From 1 Qrld: i n t e r p h t e  if necessary. 
( ii ) From 1 Grid or 80 Grid (diRerence for 1" of Np).  
( i i i )  ~ i g n i s z  - ealine (18)  is z. 
( i v )  ~ i ~ n i s + s r l l n e ( 2 9 )  - is?. - 

E,=E,-E, 

Sin C - ( 2 0 ) + ( 2 6 )  ( formule2)  (iv) 
-- 

Ccconvergence (iV) 

C in seoonds ( iV)  
. - . -. . --. - 

sinhg(7figures)fromline(6) 

~ ~ " - ( 3 a ) + ( m )  ('v) 

. - .- 

0. 

2 - 

ten C ( 7  f i y r e a )  
-- 

21.2 
-- 

0 0  

a I .  2 

+ 0  
- 

2 5  

2 5 

14 367  0 5 2  .4 

2 2 2 4 0 0 0  

3 oooooo 

. - .  

10 

11 

00 
~ 

2 2  

2 2 

- 

. i , ,  . -  

0. 

0 .  0 5 4  0 2 4 1  0. 0. 
-- -. - - - -- 
0 .  C 2 E  9 9 2 3  0. 0. 

9 4 5 0 0 0  0 0 0 0  0000  
~ -- ~ -- ~ -- 

l 0 0 0 0 ~ 0  0 0  0  0  

- 55000 - 0 0  - 0 0  
~ - ~ - 

b n $  ( 7 figures) 

Selected northing= N. 

0 0 0 0  
-- 

0 0  

AL('V) - 7 O I  CJ' 4 5 . 0  - ' 
--- .. .. -. 1. 
Lo - Longitude of origin 9 0  00 0 0  00 

, Sum - L, - Long. of cutting point 01 56 I5 - 0 

- 7 7 6  0 0 0  

- 0 . ~ 5 4  O 0  5 

-~ -- 
0 .  

0 .  

.- . . - .... 

1 0 0  

1 

0. 

0. 

0000  
- 

00 

- 00 

- 0  
' 

. . . . 

0 

- 3 

I ' 

1 i 0 0  

l 2  I N. 
13 ~ , = N , - N . = ( i 1 ) - ( i e )  

- 0  
--- 

0  0 

. 
-- 

0  0  

0 0 0 0  

0  0  
- - -  

- D O  

-0. 

14 

16 

16 

15 

18 

14 29 1 219 , 9  

14 3 + 6  219 ' 9  

- 7 5  920  ' 2  
- 
- . 7 6 6 3 2  . 5 

+ 7 1 d  - 3  

3 3 . 6 1 0  

+ 21 . a  

0  0  

0000  
-- 

0  0  

- 

I 

- 1 1 1 4 5 . 6  

0 ' 4 3 8 3 7 1 a  

- ' 2 5 4 2 5 . 0  

, 
0 5  

0 - 

- 

~- 

% 

&-Np=(14)- (13)  

8, (from forn~ule 1 ) 

S n,r Sp-S.ll) (enter A. for 8. in l i n r~  

Sp-8. ~ ( 1 6 ) - ( 1 7 )  

- 0 0  

-0. 
8, 

45 .6  
1 0, 

0  0  

19 A for ( ii ) 

( ~ ~ ) + ( I S ) - A A , # ( ~ ~ ~ )  20 

- . - . - 

- o o 

-0 .  
- 

t - 
I 

- 
0. 

- 

0 ,  I - " 

- 
- 

- 

- 

- 
- . . 

.1 . - 

I ,  

- 
0. 

- 

- . 
- . 
.- . - - -. . - -. - - 

- 

- 
-- 

0. 

- 
I 



I N B T R U C T I O N B  

1. Complete headingn. Complete lineit I to 6. 

2. 8et line 6 on B.L. Multiply by line 4. Record in lino 6 with pmper sign and olear 8.L.. M.R. and P.H. 

3. Complete Linsa 7 to 10. 

4. Bet 4 ( a t  bottom of form for the grid concerned ) on S.L. Turn handle forwards once. Clear S.L. and 
hlK. Net line 8 on S.L. and multiply by line 9 turning handle forwards if line LI is 4- "' lrncl backwards if negative. 
Clear 31.R. only and ~nultiply by No ( a t  bottom of for111 for the grid eoncen~ed ) lurn~ng the handle forwanla if 
line 8 ir +-a  and backwards if Clear M.R. UIIIY. Multiply by line 10 turnin8 the l~andle backwards if line 8 
ie +-' and forwards if - "e .  Record result in P.R. in line 11. 

6. Co~nplete lines 12 to 16. 

6. S ~ L  line 15 on Y.L. Turn hurdle forwardn until line I6 for the tirat rutling grid line appara in P.1<. 
h o d  figure in M.R. in the L.H. half colu~nl~ of line 17 wit11 tllr wnle aign ne line 16. Cuntinue turning h~11,Ile 
until line 16 for rcund culling line appeara in P.R. 81ld again record figure in M.R. in 11.H. l~alfeol~unn uf linr I7 
with proper aign. 

7. Complete Lines 18 to 20. 

8. Set N. ( a t  bottom of for111 for the grid conver~~ed ) on S.L. Turn I~anclle Ibrwards once. Clear S.L. 
and set line I4 on S.L. T u ~ n  handle once forward if line 14 is -I- and backward if - ". Clear S.L. and M.H. 
Set line 20 on S.L. Multiply by line 18 turning the handle furward if sign of the prodoct of lines I6 and 20 
is + * e  and backward, if -.a. Record figure in P.R. in line 21. 
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f3aln&hdl MAP SECTION ! Ind Id >YV COMPANY. DATE Auk? 1 4 4 ~  

SPHEROID E v ~ ~ t 5 ~  HlWElW6r  YARDS 

MERIDIANS O F  LONGITUDE Formula ( a ) : -E ,=E .+R .  tsl~ C+ N, tcm C - N .  t ~ l ~  C: 
where E. is the ensting a t  whioh the meridian of L. meeb the grid line of northing N,. 

Cutting meridian of longitude = LC 70 5 3 OC 
- -- - . - - - - - . . -- - . _  - _ 

Longitude of origin = Lo 68 b R  30 I o\) 

-+ -- -. . -- 

I AL in seconds 9 780 lo 300 
_ - . I_- - - - - - . . _ -. _ -- -- - -. . . - 

I 
5 I Sin A, 53 719 9 6 1  0. 53 719 961 I 

I  

6 ' c = & L  sin k, =lines 14) x (5) 
+ 

I, 

5 1 5 4 . 7 3 0 1  + 5 577 - I l O C  
. 1. (. *. Significa.n!-figur.es-) . .. - .  .- - -  - , .- - - - -. -. . . 

C= Convergence + lo / 17 1 3 4 7 ' 3 0 1  t l o  I I L ' ~ S ~  1700 
. - - - - -- - - .. . - -. . . - - - -- .-- . . .. -- . - .- 

Tan C ( 8  places) -+ 0. 01 548 1 4 6  + O  01 704547 

R. 10944 68 2 4 I Q 3 4 4 b B Z  4 

N. 1106 do0 110b 001) 1 1091 3 0 ~  
I 

11 E, [ formula ( a )  ] ( I )  3 1 7 6  185 . 3176541 . 3193 13> . ' 3 1 9 3 5 1 6  . 

C PARALLELS OF LATITUDE Formula ( b )  :-Sill C = E ' . / ( & - S ) .  Formula ( c )  :-N,= hZ+S + E ,  tar1 =, 

- -- - - -- -. . 1- A. (from 1 Grid) + 80 7y 817 100 9.1 8 1 

- 
where N, is the northing a t  which the parallel of k, meets the grid line of easting E,. 

C= Convergence 

12 1 Cutting parallel of latitude = kc 

16 

17 

I I I I I 

2 I N, [formula (c )  1 1 1 )  1 ,09231, I , 0 9 2  8% . 1 1101 429 . i I lo* 955 . 

1s 

Grid B C I I I A ( I I B I I I C I  IIIA I I I I B  I V A  I ~ V B  I Chrbc)  0 
-- .- - -. ... -. - 

LO 1 4S0 45O BB" I 1 74~wi-ii,,,mf~~ T - - F  I 100 1 80° 1 lU4' 

u 
33 I 2 '  0; a 

I0 9 4 4  6 8 2 .  4 

o 
33 

& 

E. -Do = E', 

Sin C (7 places) [formula (b) ] (1) 

NO 1.166,~00 675,000 2 , 5 0 0 . 0 ~  1,000,000 l , ~ . m  1.W,000 1 , W . W  
Clarke 10.009.530~3 7.73e. l~t i .  1 ... ... ... 1 .. ... 

R" (Everest 10,001.808~8 7,734,779.9 8.45n.etI6.6 1 o . w . m a . 4  14,2ol,a19.o a0.437.400~1 34778,134.6 

NOT. : -( i )  For instruotions for working on maohine sec T. H. B. Chapter VIII Supplement. 

I0 944 682 .4  

n 

+ 275 0 0 0  I+ 7-95 0 0 0  

+-0- 0 253 3l0 14- 0 -  0 171 7 4 3  

Computed by  D d e  

G.B.-P.0.--J.s. 368.J/21-14-44-900. 

14 0 0  

-t 275 COO + ZaSOCu 

A 0 . 0  253 603 + 0 .  0 2 7 2  0 4 6  
i 



I N B T R U C T I O N S  

18 MACH. 

2. Colnplek lines 1 to 23. Linea 1'1 to I7 ( which in the name oe 32 hlwh. )  ahouhl be uwal only if L.M.1'. 
01. stanrlarrl tinie ie observed. Otherwi*~. ( i.r. ), if sidereal time (8.T. ) ia obwrved. C o n n u l . ~ ~ ~ ~  L.S.T. ul  obwrv- 
ation ahould be pnterecl in line 18 leaving l~ntta I2 l o  17 blank. 

3. Set line 23 on 8 .L .  and multiply by line 22 for the lirnt clcduclion. Hecod figurm nppl.uri~~y in P.H. in 
line 24 with proper sign. Continue ~riultiplicntion till line 22 of the next deduption apprnrn in M.LI. Record f l g u ~  
in P.R. in the appropriate ealu~nn of line 24. Conthue likewise lor all deductio;~. 

4 Cu~iiplcte the rrr~~ninder of the L~rm. 



28 Mach. 
B SECTION 1 Ind Fd hy COMPANY. DATE Augurt 1940. 

. O I  

( i ) \Vitll M.T. Chronu~ueter .  vntrr tirnr in line (12). 
With Sid. T. Chrouumcter, onlit lines (12)-(17) and enter time iu line (18). 

Macl~ine com1nctation o/ latrlude fror~~ Polark,  Grid 1 kt 32 w 

lime and altilitde being obeerued ' 0  68 0 0  

Observer D R Cionc In@t,rument C. T. S. no. 1000 Formulo.:-a=A cost k = h ' - a + a .  

1 Deduction Number 1 2 3 - - - 4 

2 Station of ohaervation lshpushta ~ s t r o  ------. b 
- -- . - - . -. d-. - , . . ,, . . . - 

~ ---- 
' I  0 .  , I  I, 

3 Lor~gitudc of ~l tat ion L 8 0 ~ 0 5 ' ~ 1 4 1 '  68 I o I i 1 4  6 0 4  L8 1 1 4  

4 Hoor end date of obscrvation 
-- -. I040 

11- . 

5 Ohserved altitude = h 

6 Rthfraction ( 4 2  A Sur ) 
~ 

I Corroalon for Tenlprmture, .  3 5 . T .  + 
. - - - - - - - - - -. - - - -- - - - . - -. .. . ~ - -. . . . . - - - - 

8 Currcctiun for k~n~rnct+~r,Z.%S.inchra - 0 1 0 0  / 12 - 0 l o o  i 1 2  - 0 1 00 j 1 2  - ' 00 1 1 2  

1 
9 Bum = Total r~f rac t io r i=  r O Ol 1 15 0 1 01 1 5  

I 0 01 ' 15 

( ii ) Longitude of izlzrd n~eridiou ueaordiuy as tirllc in linr'(l2) ia**l tirue. 
stnndl\rd 

( i i i )  111crehoe by 2L hrs. i f  less thibn K.A. of Poloris. 
( iv  ) Sign of coo t i~ - vu i f  t lies bptwcetl 9O0arnrl 2 i O ' ;  otharwlsc + vc 

10 

11 

12 

13 

Computed by Dute C'litlckad by 

.~ 

34 
3 1  3 3  3 1  i 3 \ 1 3  34 I w 1 ) e  

- I - - .- ~- - - 

1 1 0 1  ' 0 9  l l O l O 9  1 1  0 1  09 
I I I 

I *  I *  I I -  a 

. - 1 1 * ;  - - . - 24 . 1 4 2  - - - 2 2 ' i  -- -. - 27 - I -. 37 . 
2 1 ' I  31 131 

, 8 

. . . - . - - 

4 3 2 7 2 1  4 1 3 1 2 1 -  4 ( 3 1 1 2 1  
I I 

I 14 

15 
-- - 

l(i 
-- 

17 

18 - 

19 - 
20 

21 

2 2 

. 

-- 

Corrected a l t i tude=k-r=h '  3 3 2  
. - -. . - 

N.P.D. = 90' - 1)rclination = A  1 

~ 

I, ,I I, 

2 3 A in secoi~ds Lfroni line ( l l ) ]  , 3 6 6 9  3 6 6 9  3 6 6 9  3 6 6 9  
-. . . - - - - - - - -. - - - . . . - - - - - . . . . - .. . . - . . -. - - - - . . - . -- - - - - . - -- - - -- 

24 A cos t = a  in ~ e c o n d s  - 2 784  - 2 8 3 4  - 2 0 6 4  - 2 9 0 3  

2 5 Mimus a 
- - -. . - - - - .-- 

26 /3 ( 28 S u r  j 
-- - ---- - -- . . -- - - - - . . -. . . . . - - - 

27 Corrected altitude h '  [ i i r~e (10) ] 3 1 32 2. 3 +  / 31 1 33 34  / 31 1 13 34 / 30 ( 30 

28 Sun1 = A =Lati tude ' 3 1  1 10 1 56 3 1  1 18 1 X 3 5  1 I9 ( 0 6  3 5  1 I9 1 0 ,  
~- 

I 
2 9 M e ~ r l  f l  I 3 5  I I9 1 00 1 1  

1 1  I 

, 
01 I 09 

Linr (12) -line (13) 
-. 

"R" or S.T. for G.M.M. (from N.A.)  
- - -. .. - . 

A for linr (14) with some sign 

-- ( from 22 Sur ) 

4 7 / 1 6  f I7 5 2 i  + 17 / 16 + 17 ' Yl' l I  
--- - - - . - - ~ -  --- 

1 2  I 16 1 4 8  ID 36 1 4 0  1 2  36 48 1 2  16 1 8  
' , - . . . . -. .. . -- .. - - - -. - 

+ n o  0 1 0 2 1  56 + 0 / m i 5 7  r ~ I 0 2 l 5 7  
.~ ~- - . 1 . - -. -- 

CDrrect,ed time of ohservatic ,~~ ( i '  . I ,  

( L.M.T -~ .- .. 2 2 ' 1  - -~ 19 1 4 7  - 

Longitude in tim(b (il '  

Longitude of strtitln iri time ( 3 4  Sur  I 

Sum = L.S.T. (') of o b ~ e r w t i o n ( ~ ~ "  

R.A. of Polaris froin N.A. 

Line (18) -line (19) =hour angle t 
-Pep- 

t in  a rc  ( 55 Sur  ) 

4 1 3 2 1 ' 2 1  

+ I 32 I 2 1  4 3 I 21 + 12 1 Z I  4 1 32 21 
I 

I 0  / 5 9 3 0  I I  ) 0 1 ) 2 6  I I  I 07 i 22 1 1  : 1 1  1 17 
- - - - - -. - . . - - -. .- - .- - - 

1 4 2 1 0 7  1 1 4 2 1 0 7  I I 1 / 
1 4 W i q 7  

9 1 1 7 l 1 3  9 ' 2 2 1 9  9 

cos t ("1 - 0 ' 7 5  8 6 5  -0 .77  2 50 - - 0 , 7 0 0 5 7  - 0 . 7 9  114 



I N S T R U C T I O N S  

29 MACH. 

1. Cornplnte head~ngs, otr.. on front of lorrl~. Conlplete linoa 1 to  1 on this side. 

2. I f  the  sun i l  obeervd. cotnplete linm 6 to  7. otherwise omit. Conlplote colnnlna 8 to 12. Enter in the 
instructions rolumn In lino 9, t l ~ u  inatant for whirh tho error of tho cl~ronomekrr ia mcomld. EtltRr the error ttt 
this inatant in IIIR working rolumn of the Name line. IT this instant id buforo tilno obtainncl ill litlo 10 ant1 thr ,.lc,~k 
ha.  a gnining/lo~ing rate. tho sign of lino I I is +"'I-"0. If this instant is after time obtaincd in linc 10 and tiLe 
clock l ~ a r  a loaing/gnininp rate, the sign or lino 1 I ie -I- - v C .  

3. I n  line 13, orlter the obwrvccl altitude of the atarlaun, when it is cluwsL to the ~nericliarr, i.e., thr 
south or between Pole ancl Zenith 

maximu~~~/ tn in imun~ observed altitude if star or son is - - for r)ort.h latitudes and 
between Pole and North l~orizon 

nortb or between Polr and Zenith 
for soutll latitudes. 

betwccn Pole N I ~  south horizon 

4. Cot~~plete l ~ n e s  14 to  17. Rrcord rate of change of re f r~- t ron  pnr degree cl~ange of ultitude in line 18. 
Cot~~pleie Ilnc 19 lf sun is obwrved. 

5. Complete lines 20 and 21 and also line 22 using foottlote ( v ) to  get the spproxin~ate latitude A i .  Com- 
plete linen 23 t o  25 to 6 decimals. 

6. Complete litlee 20 and 21 8s followa :- 

Set line 23 on S.L. Turn handle forwnrds until line 24 opprnra in P.K. Recorcl figure i t ~  M.H. in line 26. 
Clear S.L.. M.R. and P.H. Set line 25 on S.L. and multiply by lint 20 turning handle forwards and recod the 
produota in Line 27. 

7. Complete line 28. Clrar S.1,. h1.H. and P.H. Set 2.454 on 8.1.. and ln~tlliply by  line 28 nnrl mood 
product in line 29. 

H. Xow. turn to hark of fort11 and complete linrs I Lo 8 lor nll obeervntio~ls cneh face separately deleting 
upper or lower whichever is not applicable in line 1. (7oar S.I. .. P.R. and h1.R. Sot line 27 ( factor A ) From front 
side of forp  or1 S.L. and ~nultiply by linr 7 ( m ) in srconde on back of form fur each deduction of the same object, 
ltecord prodrlcts in line 9 wit.11 sigll~ as In foot110te ( ii ). 

9. Entrr  rollimation corrections for instrument ( found from previous observations ) in line 10. Complete 
lines 11 N I ~  12. 

10. ('o~nplcte linc 13 us foIlo\vs :-- 
Set line t) on S.L. and multiply by itself. Trunsfcr ligurv in P.R. on S.L. nnd multiply by line 20 

( from front side or  k ~ n ~  ) An rnch drductian from t l ~ r  snme obj~ct ,  in turn. Record produrtn in line 13, wit11 proper 
tlerimal places ( rliuic\r t l ~ r s e  c(uat~tities I>>, lW ) I U I ~  sig11s t lc~ordil~p to OuLl~ote ( v ). 

11. Complrte lines I4 and 15. IF t l ~ r  value of any p a r t ~ c ~ ~ l n r  fnrr ( en) Y.1,. ) is nut conaistm't with o t h ~ r  
values obtained in line 14. it Inay be rejected n l ~ d  half weight may be givrn to 11.. Ol,hrrwiw both the valuea of the 
aRnle lnre ( R. or L. ) are to  br rrjrrtnd. I f ,  I~otvrver. 1.l1e meall of I>otll Rrsa ore co~~aidered ( 8s in specimen 
example for sun ) ancl any ppnrtirlrlar observatior~ leads to i~~consistent rert~lts, it is to be rejected altogother. 

Enter res~llt lmtn l ~ n e  15, in line 3U on front s ~ d e  of t l ~ e  form ( n~entally adding wrrectiun for parallax from 
line I0 in rite rase of the sun. ) 

12. Coolplete linc 31 putting N.  or S. brforc the result accorrling.ns it is positive or negatjve. 



29 Mach. 5 u r b e p  o f  B n b i ~  Pa ge...... 
B SECTION N1:- 1 llla Fd ~ v y  COMPANY. DATE April 1940 

Machine C'omprtlolion of Latitude by  C'ircum-meridionul cclliludecv 
SurveyAj3hor~istan 0beerv1:r X Chronometer M3.IS.T.  No. 86 Grid I 

Clock rate + 7 . i 4  per hour I r ~ s t r u r n e ~ ~ t  C. T .  5 No. 37 008 IJ, 68 00 

Formul:~:-X = + 9O0? 6 +  h ,  ( iv )  
cos 6  cos A A =  - - . . .  2 I) = 2.424 ~ U I I  h 

CUB Ib 

I Stat ion of ol)servation Ishpushr-o A .;t, o 
--- - - ... - ..__ . - - - ~_ -- 

2 S t a r  o r  Sull N. or S.  ! Il~.,ru Mc,,or,s 
N 

3 
- . . - - - . . - . . . . . -. 

4 Longit,ude in time = 1  ( 34 Sur. ) 
-- .. - ~- --  

For s ~ ~ ~ ~ " E " ( ~ ) -  
' 

6 1 24 hrs. - "E" - 1 

7 ' " E " ( i )  for t,iltle 111 - j 1 - - 
line li 

~..~ ~ . . ,  ~- -.-A I .... I - -  . 

8 R.A.oE S t a r  000" 00' 
f -- - - -. - -. . .- 

Chrnnn. error i l l  23.h 10..11..0I I (chwno.  1in.e) 
+ I, 1 I T  1 - 

on L.S.'l'. <,IdA%W. 
I i 

i 10 Sum 
- . --- -. .. . - ~ .  .- .- ~ 

I 
- -- .I ~ . 

I I 
(11) 

Correction for  clock rate + 0 1  O G ~ O O L -  - I - 
I 

12 . Suln = Chrono. t ime of t ransi t  I 2 3  1 OR ' 2 3 . 6  

,I 

13 Observed al t i tude when nearest ineridiun 71" 1 1 i n O I 
)I o r ,I 

i 
1 4  Refraction ( 42 A Sur. ) 
- - - -- - - - - - 

15 Correction Eor Temperature ... 
~. - . -. - - . . . - -- . - . 

16 Correction for Barometer.Z5.5.i11cI1eti -0  @ '  O Y Z  - 0 

17 Surn =Tutnl  Ref~.ac:tion 0 1 ~ ~ 7 . 4  0 0 
I 

16 Change ill refract ior~ per 1" altitucle 
~ 

19 l'arillax ( ? I  Sur.  i for Sun o n l j  0 O 
I 

20 Corrected al t i tude = h 
71 . 17 3 (  

= li~n: 1 3 - l i ~ ~ e  17 ( +  l i ~ l e  19 for S u r ~  ) 
-. - - -- - . . .. . - . . - . 

2 1 Declination = f i  !!!'"o'~"+." 
Holllll- " 

. - - ~  ~ .. . . 

2 2 
( v )  

Xu= & 9 0 3 + 6 + h  

2 3 c06 h 0 3 2 0  7 2 3  0 .  0 .  
~ 

2 4 cos 6 0 5 e 7  4i4, 

2 5 cus A, 0- 8 1 s  9 4 1  

2 6 c1,s a - I - B 3 l  537 
cus h 

s - ( i  J I r i g  . If using co~qplcle  S.A. .  " E" i; I2 hrs. t Eqn. t , f  tirne: this  is always minur in line 7. 
( ~i ) Ycnr i r~terval  IDrtae~n ins t :~r~t  given In line Y and timn I I I  linv 10. 
i ~ i i )  Sr.4: furmula a t  hmd of form. See St~yplvment  to 'T.H U. (:haptvrs V I I l  anrl 9 [ 1  for ~nach ine  working. 
( I V  ) Add l ~ n e  19 lor Sun. 

( v ) I f  dlar ur Sun is Soutlr A. = 9 O 0 + 6 - h  and h = Y 0 3 + 6  la,. I[ Star or Suli is North nt kpr~*7~it 
Luwer T r a n s ~ t  

= la+&-90" . all,i h .; LL+~L%~. 
DO'+ h - 8  L)UU + I , , , . -  I 

Conrpuled by Dale Checked by Date 

2 7  

2 8 
-- - - 

29 

30 
- 

- -  

0 .  0 . 
-- .~~ - - .- 

0 .  0. 

... - . - 

-. 

_~_-  .-,- .- 
I I 

I 

con 6 ( i i ~  J 
- x cos A. =Fac tor  A 

vus h 

t an  h 
- - - - - - - -- -- - .-. - . - - - - --- - . -. . 

( i r i  ) 
2 . 4  2-1. t an  k = F:lvtor 

Rlei111 tnrridi011:11 altitud(- = /I,,, ( IV ) 

i frolrl reverse ) 
. -~ . .- ~ - ~ p-p-.-.. .- --- - - 

~. ~- 

1 .  4 9 4  4 2 b  

? 9 5 3  2 4 1  

. - - . . -.. . . 

7 1 5 8  1 5 6  

7 ' ; ;  \;I 3 ;  
, ,  

(-__- 

( V )  
3 1 Lnt i tudr=A= +!)0°+8+Ir,,,  - 

-- .- .- ~ 

3 5  19 , 0 4  

" '  I 

1 

! I 

1, 

. .. 

A 



NOTES:-( i ) h t e  on si*lcl..rsl trlnr L,r Star or on mrsn time h ~ r  Suu. 

( ii ) Factur A frozn rnvereu. Sign is + s t  u!!-!!' tramit .  - lnvr. 

Dale 

( i v )  From line I *  I r , , ~ , i  r-vcrse. for liur 9. s lgu ia f i f  nllltudt. I linv 9 ) re incre'*i1'6 - decreasing 
( v ) Sel. Sullpirlnl,n! 1.1 'I'.II.I:. Cllalbtrrs V l l l  lrnll S1 I f.,r ru:t(.hl!lr w.~rl lnF.  2.4% tan h ( t..rct.nr M) lnbnb reverse Sign i d  upplnitr ta 

t h:bt ot Iln- 9 

C'hrrked b y  Lkcte 





30 Mach Page...... 
B SECTION NO 1 lrrd Fd S V ~  COMPANY. DATE Apr i l  1940 

Maohi/te corqiulnl ion o f ' L u l i t u d ( ; j M t ) ~  e.r-~nen'diorral ullilrtdes (;rid 1 

Ol,sel.yer i~ H C r u n  e Illatrulneut C .  T 5 N o .  1000 Chrono~nehr  S ,  N'. 86 

~ , , . ~ , , , ~ l ~  : - , I ) CUI 9 = C L I ~ .  S cus t. . i 2 , cus +,= sill + sir1 
ail1 e i 3 1 I~nt , i tude=+ 24'. 

Clecb r u e  - 10' per h..r 

1 Str~ t io l~  of ( ~ b s e r r u t i u ~ ~  I s h p u s n t a  A s t r o  

- -  - -  . - . .... - .  - -  --. - - 
Star 

.. 

2 Ol)rc.rvntio~l (111 - S ~ I I  - Y Ursm M a j o r i s  _ . . .. . - -~~. -. - - -- .- . . 
d ' .- 

' :  .Ym.  AT 
- - - d r - . -  - -- 

!j Hour ,k J i r h  o f  Obucrvation It :-- ~ I .  .. 4 I 1!140 I 1H.t -- 
I H4 

' ;-- dr-:: 
"I r /  

1 I &1 
C ,  1 C I N 

4 Obscrvetl altitude 7 0 '  4 1 :  06 I 1 1  I 
I 

J Refracliu~r I .42 A Sur 
- -  - I 

! I; ('orrctc-iion fc~r  ' I ' r111p~rature. , .33.~F 4 0 1 0 0  oz - ' ,  I 

. . - -- -~ - - - , ~ - - , 4 . - .  
; C~jr ra~t ion  for H ~ I ~ O I I I L ~ ~ P I -  15:5,irlches -- 

Stlrn =Tc.~taI l l r~f rac t io~l  
- ~- - - . -  1 , 4 .  - ... 

I 
9 Pi~ral las  I 21 Sur ) for 8u11 ollly 0 ;  0 ;  0 0 :  0 . 0 (I II 

I I 

C ' t w r < . ~ t u , l  nltil u ~ i c  = 11 7 0  1 ;  
41 ' 46 lo =I~IIC 4 - l i~ l r  h + lult ,  (!I) Inr Snn-! I , ! 

I 1  m !  1 3 ,  n; I 

I I t'llrollu. ti111~' of L > ~ & I . ~ : , I ~ ~ I I  2 1  , 41 H - Y  
4 .! ' 

-- - - . .. - ..r-. I 1  ;.. - I 
1 I e r r  I I P I I  - I I 1 17 39.m - - 

, 
- . - .. I 

- - - < .. ..- i -- 
I ! 

13. ~ul.1.11. for c ~ o c ~ t  ~.;rte ci' - 0 o o  047  - I - 
I 

I,.JI.T. ! 
( S U I ~ )  ' I  I I I 

14 Sun1 = t i ~ n c  O F  * ~ l ~ s r r v a t i o ~ ~  i I I 
- -  - -  . - .  - I i -- 

Is R.A. OE St:rr 01. L.M.'I'. of t r a ~ l s i ~  ( 1 1 ;  I i-- 
Fi81. Sun i ! / I I : I 

1 

1 i 
-- 

18 
- 

1 !) 
---- 

20 
- - 
21 - 

n. n I j i t  - i l l  ~ : = I I ~ I ~  I t - 0 / 17 1 1171 - i : - - 

(1 * I  3 :  ' " L :  I :  ,' 
1 in  TI- (45 S U ~  ) - 6 , 48 '26 - I 

- ~- - - - . - - - - - 
(lii ) . ., ~ ~ ~ . t l ~  

Dccli~lati(,ll = S --- - -- 
-- ~- - 

-" Sou1I1 

cot 6 L . 7 2 5  8 4 6  - - - - 
-- ~ - . - . -- - -. . - - . . - - . . - - - -- - - 

cos 1 LO. 9 9 2  950 - 0 .  - 0 .  -0 .  
- -  ~ . ~ 

sin S 
-.- 

22 

23 
-- 

CO. 8 0 9  205 
- -  . .  . 

0 .  943 7 8 2  

1 ' 1 2 0  7 2 9  
- -~ - 

sin h 

co t .+=cot  S x c o s t  
- -- -. -. - ~ - 

- 
- 0 .  - 0.  - 0 .  
_ 

24 
\- 

25 
\ 

26 

0 .  

- 
.- ~ -~ - - - 

$ ( 1 t 1 1  0 I l o )  5 3 '  0 '  - -__ - 
sill + 0 .  811 2 5 4  

sill + x sin h 0 .  165 6 4 7  
--.-- 

, I ,  

- ' 1  
! -- - - - -- 

2 7 
+ 

28 - 
29 - 

0 .  

- 
-. 

Line 2 G s s i n  &=COB 6' 0 .  946  070 0 ,  0.  0. 
- -  ..__ 

'#" ( betmretl 0 n ~ l d  90') 

(1V.I 

$ +  +'=Latit,ude 
- - - . _ 

0 .  0 .  0 .  

0 .  0. 0 
- - . . 

0 .  

- 
-- ---- 

- 'I ' i  " -  

-- 

, ! 30 Mean Latitude 
I 

I 

NOTES.-( i ) F.>r i~ l t r rva l  b ~ t w e e n  instant given in line (121 alld tibur in l inr  ( 1 1 ) .  I t  n mean tinre chrononlrter is uxrd fur  stor obsnrrir- 
tions. c~,nsider it as an  S 1'. chntnnmetcr Insing 0. IRtBi5  r ec<~nds  per cluck nriulltc. 

( i i  ) I,.M.'r of LI;LIIS~~ ,,I Sun - 2.lhr.u. - EIlrc. frow Abridged E;. , i . ,  nr 12111.n.- Eqn.of time, w i l b  sig11 Illere given fromr.oruplate X . A .  
(iii) For c+.hI.T. rorrt,sponding to tinre in linr (14). 
(ivJ 1)tvidt. whether sign is + or - by inspcctiou, knuwiug :rpyroxlruate latitude. 

C'omprtted by Dute Checked by Dntd 

C . ' B ' - p . ~ . - ~ . ~ .  389--J7.U.4?-600, 

a !  ' 1  " 

I 



I N S T R U C T I O N S  

31 MACH 

1. Complete l~cadings, etc. 

Cornplr.tc l i n r ~  I t u  20 a$ i l l~Lr111.t~d 011 ft>rm. l i l l ir ly i n  l.ornv't sign*. Enkr \.alucw Lo 6 rlct.irtlnl8, ill lillrl 
I 5  t o  22. 11 110 sccant tabll*h n w  nvn i lnh I~ ,  u1.t lilll. 11) (111 S.L. nl ld t l l m  htI111111~ fIJrwan1~ till P.K. Peadr I ~lHlU,UlJo. 

T I I  I I a p e  I . ('lear Y.I,.. h1.R. anrl P.R. 

S r t  line 17 on 8.L.  ancl t u r n  Ilalrdlc forwards un t i l  P.H.  rellds l i l lc LH. Htuord ligure in M.H. in liare 21, 
Clear S.L.. M.R. und P.R. 

2. l'o~nplet,? linr 21 M followh : -- 
ScL line 15 on S.I.. Mult ip ly  h y  IIIIP L l i  ~III.II~IIK IIRIIIIII. t~uckwt~rd~ i i fo rwar~ In  i f  8ig11u of l i ~ ~ e u  15 a t ~ d  16 a~.,. 

Ll ir an~ne:oppositr. Clear .\l.R. nnal S.I.. Set lint. 21 on S.I.. a la l  n ~ n ~ l l ~ p l y  by line '20 turn ing hanrl lr B>rwarda. 
R r r o r d  w a ~ r l t  i n  line 12 wit11 $ - v * / - V P  aign i f  rcsult III P.R. ia rlirrvt,'n.o~nplc~~~cnt. 

3. (:omplete line* 13 t o  21) -3 instruvled 1111 Ii)rnn. l ra r  I..H.IK.H. ha l foo lun~n  in the l i ~ ~ r s  25 a ~ ~ l  "(1 (inat.r.uv- 
tions) i f  ntnr!sun is 0b.wr\~e11. I n  lines 211 UII~ 30 agninsl . . . . h .  . . . O m  fill i n  hour and n ~ i n u l r  at, wlliuh thc. error 
of  olrrononlc.trr is rtvluirrcl. In l inc 29,  till ir l  the IIIII~UII~ o f  tunnr the rlnro~~crnnet~er has gainwl or I n ~ t  I,,.twren this 
Lime nnl l  t l ~ r  i ~ w t a n t  o f  CLIC~ ( Ic#l~~#.Lion uaing thc II~I~WII volucu v f  the, rnk. o f  t . l~r~notnvter .  L f  this i n s t a ~ ~ t  at wlrirh 
tl~r ~ h r o u o ~ n e k r  ernor is requirrci 1s ni ter  the- c . I ~ r o t ~ o ~ n ~ ~ ~ t ~ - r  1in11: 13f obnrt \ at ic~rt nntl the r l~ rono tn r le r  has IL l oa ing /gu in~~n~ 
rate on daclr.rral t i ln t~.  the sign o f  Inlie 29 is - "*, $ \" .  Lf this inslan~L IS heforv the tinnr of observat i t ,~~ u ~ a l  l lre ~.l lro. 
~ ~ o r n e t c r  hira a Iosir~g/gainnng I.nrc on sidc~real t i lnc t h r  sign of  l i n r  29 is + - "a. 

Enter  nleun error o f  chronotnrtcr in line 31. 



31 Mach. Page ... ... S u r b o g  o f  Jab i t  
B SECTION N o  I 1r.d F-( s v y  OOMPANY. DATE kprl l  1540 

Machine Cornpututio~~ of Time by Eeet a d  Weut Stars or by Sun 

Ref: Forms Pages Observer D R C r o n e  Chronometer S 86 

wec hlorrnula:-Cos t = - tan A t an  6 + - - sin 1'. lrimtrument ' T 5 
coe 6 No. ' 0 0 0  

C l o ~ k  r d t t  - 9" 6 per ~ O I A ~  

N o ~ s e . - ( i  ) For 0.1.T. uorresponding to line 4 ( t i ~ n e  in line 4 miaur longitude in time of stnudard meridian ). 
( i i  ) From formula abovo. See T.H.B. Cllspter VILI Supplement for maohinr working. 

(iii) t is na c>bject is !!!of meridian. + .  W 

1 Deduction No. 1 2 3 4 
- -- 5 

- - 

2 Station f------- --.. Ishpushta A s t r o  - - + 
. - - -- -. - - - -- - - - . . ... .. 

, . 
N 0 I rr 

3 Longitude 

4 Hour & date of observation - 
-.-. . --- - - - 

5 Star  or  Sun:  E. o r  W. Y Gemlhorum 
W 

6 Observed altitude 

7 Refraction ( 4 2  A Sur ) 
- -~ 

-- - -  -7.--- 1- ~. -- - - - - -.. 

( iv )  F m n  Abr~dged N.A., or 12 hrs. t Equation of tinlr, from Standard N.A. 
( v  ) Enter cl~tonorueter i n s t ~ n t  to which aU Li~ues are  rcduced. Mean time chronometer may be ~~na ide l . ed  sr a sidereal timn ullmnonletrr 

with tr losing rate of 0.18+275 src's. per clook minute. 

9 

10 

11 

13 

14 

15 

16 
- 

Computed by Dale Compared by D a t a  

Correction for Barometer?.!..! .inches 

Sum = 'l'otal Ref raction 
- 

Parallnw ( 2 1  S u r )  for Sun only 
--- -- - 

Corrected nltitude = h 
=line 6-line 10 ( + line 11 for Sun ) 

- n ao / o I 

17 COs 6 

18 cos A - 
19 sec A 

20 sin h 

- !  i 

, 

0 1  011 

. 

- 
2 1 

22 

23 

34 - 
25 

26 
- - -  
2 7 
- 
28 

0. 

0. 

. 7 4 9  810 
-- - - 

+ 0 - 7 4 8  9 6 0  

0 - 3 5 9  073 

g 8 I 5  970 

1 . 2 2 5  5 3 6  

0 , 7 5 7  4 8 0  

I 2 7 7  834 

t 0 . 7 5 8  762 

, r~ - -  4 .--- 
07  - o oo oe - o I o o  ; oa - a  , ou o b  

I 

46 o 0 0  1 8  o I  

! 
- 

i 
26 - 4 7 1  10 

- c. 

o 4 5  

(i) North + "  Declination =S 
South - " 
North + " 

Latitude = A  soutll - v c  

0. 
- 

0 

ro 

+ 

6 

g 

9 0  
I 

+ , I  

so 

0 0  

-. I j 
4 9 1  14 1 33 

- - . 
8 ,  

7 
O D  

+ I b (-2y.- 

1 

+ 35 19 

0 .  0. 
---- - 

29 Rate to  

I I O ' I I O I  

5 9  

3 

3 . 9  

1 5 . 9  

2 0 ' 1 5 . 8  
.- 

2 1 . 3  

0 5 . 6  

0 0 . 3  
A n 

-11, 
+ I I  18 

41 

+ 2 

6 

9 

1 0  

+ I !  

- 

-- - -. - - -. 

sec A/con 6 

cos t (  ii) 
. - -. . -. .- . . 

t in  arc ( less than 180") 

t in t.ime ( 34 Sur. )(iii) 
-- 

4 9 1  34 

.- 

- 

I 

- - ... 

- 

tan A 
-. 

t an  6 

0 3 . 6  
.- ~ 

18 

h m )  

4 

34  

I &  

3 4 ,  

18  

2 4  

A n  
4 

3 4  

38 

11) 

R. A. of 8 t ~ r  

Surn=LSTofobs .  

t 7 0 8  4 7 6  
- 
+ , 2 9 5  243  

- . 
- . 

31 Mear~ error a t  - e------ 

41  

4 . 7  
-. 

15 9 

5 0 . 6  

5 5 0  

0 4 4  

- 

- ~ -  
E'~")  for sun(') 

1ine24-1ine8b 

. 
= LblT of obs. 

05 2  

00.0 

+ 1 1  

Chronometer t ime 

line 27 -line %=error  on LST 
(o r  on LMT for S u n )  

- .  
- .  

0 .  
-. . -. -- 

-- . . .-. -- 
. 7 1 8  I03 

. . . --. - A 

+ 0 - 7 0 8  4 4 5  

, .-- 

0. 
- - - - - -. . - 

- . . - - - -. --- - 

, 7 3 3  4 5 6  
- 

+ 0 . 7 2 8  0 6 2  

I 8  

- .  - .  
- - -. . - - -. -. . 

- .  - .  

. .- 
d 

44  

t : 
6 

2 0  

+ I 1  

43 

0 4  1 

o 4  4 

0 .  
. - 

- - - - - -. . - 
- 7 2 5  731  

-- 

+ 0 - 7 1 8  191 

+ I 1  

1 1  

+ II 

- -  . 

+ 

I I O '  

4 4  

I0 

18 

18 04.6 + II IB 0 4  4 

. ~ 

- - -  --+ . 

0 0  9 

16 

- -. . I r  
h 3  30 

5;! 3 i . o  
i 

--.!- L5 * 
34  1 

+ 

33 

-- 

05 

9 ' 3 3  

5 1  

10 

01 4 t O l  9 

3 

o ' r  

1 5 . 9  

2 2 ,  

2 5 . 3  

05.7. 

- 
" 

4 1  

A m  
+ ; 1-53 

4 9 . 9  

5 2 4  

0 2 5  

I 

2Z7  

15 9 

b 8 12 

+ I 51 
6 

9 

2 0  

+ I 1  

- 

6 3 4  

27 

4 6  

18 

3 4  

9 

z a  

4 1 1  

3 0 ' 3 8 6  

4 8  

18 
. 

4 1 8  

03.2 
. 
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Nm.--'rltin form ahoukl be oaud to cwnunrt any variety u l  known LIIII* tu tile variety whit-t~ is mqui& 
for r o t n p ~ ~ h t ~ o n  of an) other form. 

Complete headinp. 

Complete linm I to 4. 

Entar in the epproprlate line the time Lhat ia given and wllirh ha* to  ha r o n v 4 ,  i.o., if Local d t m l l d  
or Mean Time in given enter i t  in line 5 .  In tho apcime11. Stanikrd time IY yivrn in the flmt two.derluctions while 
Lorsl Mean in the m t .  If G.M.T. ia  uiven. enter ~t in Lino 7. Nort ro~nplete the form until mquirwi time is 
obtained. 

Complete lines 1.9 to,l6. 

Complete in manner similar to  tha t  given above, i.e.. enter the time which is given end which has to be 
converted in the appmprlete line and oompletn the form until reqoimd time is o h t a i i d .  
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SECTION N o  1 ~ n d  Fd.Svj. COMPANY, DATE 1 9 1 ~  

Convereion of Meaa lime to Siderecll t i p re  

For conversio~~ of Standard Time or L.M.T. to c;.M.T., C;.M.T. to G.Y.T. and G.9.T. to L.S.T. 

Convereion& of Sidereal time lo Mean time 

For eonveraiun of L.S.T. to G.S.T., G.S.T. to G.M.T., and G.M.T. to Standard Time or L.M.'P. 

1 Statio~r 
No. 2 Rlialpur No 2 R ~ . ~ s l ~ , u r  Ispushla No 2 R ~ S I ~ V  

- . - - - -- - ~ 
. - -- . -. . . - - - - - - -. . . -. -. . . Bgnqalot\ -- t'i~~ril.la* Ai!ro ii uvqalon - -- -. - - - .  - 

2 Date ?6 7 40 it.. q - 7 40 
- . . . - - - - - - 1 4 40 26 7 .  J C  

- -- 

3 Ref. Fornls :-Pages :- 
28 M a ~ h  

4 Longitude of station in arc 

5 Stantlard t,ime L.M.T. 
.. - . -- . . - -- 

6 in t.ime 
Line (5) - linu (6) =Interval II.C)IU G.M.M. + I 0  ' 5 G 1  30 - i-29i l I0 + I 7  4 7  26 - 0 ' 491 

I 

( for G.M.T. ) ( i ) -_ 

NOTEE :-( i ) If - vs, add 24 111s and take " R. " or S.T. (line 8) tor yreviol~s datu. 
( ii ) If-vs, add a4 hrs. 
( iii ) TBke " R" or S.T. lor date as (L.S.T. -" B" or S.T.) is Lzi:' t h ~ n  Longitude (line 18) 

_ .. ----- 

Computed by Dale Checked by Date 

1 Y 
-- 

14 

15 

16 

17 
- 
18 

19 

20 

21 

2 2 

23 

24 

25 

I 
t - - C- --- -.-- , - 

No 2 R~salpur 
Bunqalow 

2 6  7 40 

Sta t~on  
- 

Data 

Ref. Forms :-Pages :- 
---- -- 

Longitude of station in arc 

L.S.T. 

Longitude of station in time (34 Sur )  

11) 
Line (1 7) -line (18) = G.S.T. ( 

- 
( l i l )  

" R " O ~ S . T . ~ ~ G . M . M . ~ ~ O I ~ N . A .  

(11) 
Line (19) -line (20) 

R for line (21) (23 Sur)  

Line (21) -line (32) =G.M.T. 

8 

0 

71 

1 1  

=;dard long~tude 
in time 

Line (23) + line (24) 
=Standard timc 

14 

No  2 Rlsalpur 
Bunqalow 

2 6  7 4 0  

-- 
Longitude of s t s t~on  

in time 
Line (23) + line (24) 

= L.M.T. 

.- 

9 

10 

11 

12 

"It" or S.T. a t  G.M.M. froln N.A. d~ 

, 
59 

4 - 8  

54 

0 1 

7 1 1 5 9  

A d 8  

0  I2 
-- - 

No 2 R!salpur - 
Bunqolow 

26 7 4 0  

-- a'! - 7,- 

7 1 1 5 Y T 5 0  
1 1  . I  8 

0 ' 1 2 1 5 0  t i  

11 

50 

2 5  

11 

5 0  

50 

59  

51 

0 9  

19 

08 

1 0  

o o  

lspushta 
Ast ro  - 

1 4 4 0  

2cl Mach 
P a q r l  

4 47 59 ,+, 

7 0 6  2 b  I 4 

+ 1 0  5 4  1 7  - 0 1 49 

- - - .- - 

A for line (7) ( 22 Sur ) 

Sum = G.S.T. 

Longitude of statiod in time ( 34 Sur ) 

Sum = L.S.T. 

20 141 0 9  2 6  141 0 9  

0 

68 

+ 0 

+ l o  

5 

0 9  - 

4.8 

6 
- 

12 

4 

19 

16 

. [.-- 1 

+ 0 0 1 1 4 7  - 0  0 0 1 0 8  
1 

I 

1 1 ' 5 4  2 5  C l l Z  5 0  
1 

12 ' 361 48  

, 
05 

h - 8  

32 

27 

36 

20 

I, 

I 4  

1 0 1 5 9 , 3 0  - 1 .  

+ 17 

+ 0 

+ I 7  

4 

L 
2 2  

47  

2 4  

- 0 1  00 

- 0  1 4 9 ,  

5 1 30 
Stand r *  

0 1  

-- 

51 

51 

4 1 4 0  5s 

4 7  

2 0  

+ 0 

03 

18 
-- 

-- ---I 

501 21 

0 2 ' 5 5  

4 7 2 6  

3 0  

- 

- 0 1 0 0  

20 

- @ 

32 

19 

50130 I 

o g  0 2  

14 

4 9  

- 0 

21 

4 7  

30  

StalrddrdT--. 

1 9 ' 2 4  5 1  
j _ g _ .  

4 '  4 7 1  5 9  , 
I . , 0-1215j I I 

- - - 
55 

6 1  2 7  

00 0 8  

1 

0 0  

0 9  

- o 
--- 

4 4 7 1  5 9  

L M T  
3 5 a /  4 4  

..L 
4 

13 

3 2 ,  2 1 .  

5 9 / 3 0  
I 
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1. Complete headings, etc.. and complete lines 1 to 3. 

2. Complete linen 4 and 6 observing the rule a t  footnote ( ii ). Complete lines 0 to 8 entering in line 8, the 
names of the firsc p i r  of stations fmm whom intenrecting rays the co.ordinatea of P are to he computed. For the 
purpoee of the fomulm given and the followir~g instructiolu, these two stations are considerell aa K, and K, with 
co.ordi~retes Ex, & Ne, and Er, & Nu: r e s p ~ ~ t ~ v e l y  and with i~~tersccting rays a t  bearinga of 8, and 8, mspt ively .  

3. ( a  ) Connect machines in pwallel. Set line , 0  (Ex, ) on L.H.S.L. and (EX, ) on R.H. S.L. T~~ 
handle forwarda once. Clear S.L. and M.H. Set line 4 ( tu1/7, ) on L.H. S.L. and nlultiply by Line 7 ( Nlc, ) turning 
the handle backwa&/forwanlaif line 4 ( tan /7, ) is - 1  Clear both M.R'a. only. Disconnect thr lachines 
and set line 4 ( tan 8, on R.H. S.L. and multiply by line 7 ( NK, ) turning the handle bberwarda/forwar& if line 4 
( tan 8, ) is -; ' e / - "e .  Clear M.R. only. C'ormect tnachines in Parnllel/opposite if line 1 ( tan and tan 8,)  have 
thc eame/opposlte signs. See u,hethrr R.H. P.R. or L.H. P.R. contains the greater number. Equalize both P.R'. 
turning the handle forwds/backwanla if line 4 ( tan ) is +"'/-Ye. 

( b ) While equalizing, remember the following rules :- 

If R.H. P.R. ia grent*.r/lel~1 t,han L.li. P.R. before equalizing was stnrted, then. a t  any stage during equalira 
tion, if R.H. P.R. is again g ~ ~ a t e r / l r ~ a  than L.H. P.R.. the handle should be turned in the mnle direclion ae the 
firat turn u ' u  made. But. if howevrr, a t  any stage 1t.H. P.R. ia leas/greater than L.H. P.R.. the handle should be 
turned in the reverse direction. This will enable 'short-rut' method to be wed. 

Record figums appearing in P.H. in L.H. half colunln of line 9 (against E p  ) with correct dechnal Dointi:. 
(Choose the figure fmm the P.H. of t,lre lnachirle upon which the ntrn~ericall~ smaller tan 8 is set ). Record figure 
in M.R. in H.H. half column of line 9 ( against N p  ) with cormct deri~nal point. 

( r. ) I f  using any pair of atntiolla the conditions of note ( ii ) apply. i.e. if either or both o l  the intenaeeting 
mys are belween 70" and 110" or betwwn 250" and 290' line 6 111usl be co~npletcd Tor these stations only and in the 
above instnlctions for marlline working 'cot 8' must be substituted for 'tan 8'. Ew and Nx interrhangod and figures 
appearing in P.R. recodrd in the R.H. half column of line 9 ( against Np ) and those in M.R. in the L.H. half 
column of line 9 ( against EP ). 

4. Complete lines 10 to 13 in a similar manner and recod final mean Ep and Np in line 14. 

5. ( a  ) Heights from two statioils may be worked simultanrously. Select the firat two statiorls used. 
Complete lines 15 and 16. See footnote ( ii ) to decide whether to use A E  and cosec or AN and Mac. Complete 
lines 17. I8 and II). 

( Ir ) Suppose, AE nod cosec in formula ( ? ) a t  top of forrn an, to be uaed for both ststioru. ( In the followu~g 

inatructione Lhe suffixes I and 2 indicate the tirat and second of the stations uued ). 

Set line 17 ( AEl ) on L.H. S.L. and AE, on R.H. S.L. Connect, machines in parallel anrl multiply by 3 if 
working in yard6 ( i f  working in metres olultiply by 3.20084 instead of 3 ) turning the handle forwards. Clear 
both S.L's. and M.R's. Transfer product from L.H. P.R. to L.H. S.L. Tun1 handle bookwards onrr an11 cl~erk 

that L.H. P.R. rea& 0000. Clear L.H. P.lt. and L.H. M.R. and multiply by line I8 ( cosec 8, ) turning the handle 

forwards. Disconnect the machines and transfcr product from R.H. P.R. to R.H. S.L. Turn handle backwady 

once and check that R.H. P.R. reads 00OO. Clear R.H. P.R. and R.H. M.R. and rnultiply by line 17 ( cosec 8, ) 
turning the hnndle forwanls. Clear bobh S.L's. and M.R's. 

( c ) Conncet the machines in parallel. Transfer figurca from L.H. P.R. to L.H. S.L. and turn handle back- 
w a r d ~  once and check that L.H. P.R. reads 0000. Clear L.H. P.H. aud L.H. M.R. and multiply by line 16 ( tan ei ). 

Clear L.H. S.L. m ~ d  L.H. N.R. I f  line 19 ( F ) is not significant, record figure in L.H. P.R. in line 20 with correct 

sign.'otllrrwiue w t  line 19 ( F ) on L.H. S.L. and divide. Record quotient from L.H. M.R. in line 20 with correct 

sign and decimal point. Dimonnect machil~cs and repeat as in nbove for the second station using R.H. machine 

only. 
If for either stat,ion it is noce-ry to use A N  and see in formula ( 2 ) a t  top of form, make the necessary 

substitutions in the instructions given above in this para i.e., substitute AN for AE-and sec 8 for cosec 8. 

Complete remainder of the Corn1 entering claasiI?cation of point in Lie 25. 
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I. C01nplet.r I~eadingm. ctc. 

C!!mplete lines I. 2 and 3. 

Obrerving the rule at footnote ( ii ). decide which set of f o n n u b  is to  bc used and enter the w t  chosen in 
line 4. 

2. Complete linen 6 and ti using the fu~r~.t inns which cornsnpond to lhc set. of formulm ol~osell. C o ~ r ~ ~ l r t , c  
linen 7 and H. 

3. Complete lines 0 and 10 arrording to  forrnl~le a t  top of form. 1f Set I fonnr~lm alp uned, computr first 
E.wting of P ( Rp )uuing formuln ( I ) and record Ll~e res~rlt in line 0.  Nexb cotnp~rLe Northing of P ( N p  ) by &,rrnula, 
( 2 a )  and 2 b) of thv aanie set. usinp t.11~ voli~e for E p  deuluced above and rc.conl the rcaultu in tirut .rl~cl aertvn~l l~nlf  
columns wspecti\-ely of line 10. Similarly if Set I1 fornlulm an: ir*r.cl. co~nputr Np fimt end record the result in 
line 0 using fnrrnula ( I ). Next ~:nmput.c k:p and record the res~llts in line 10 umng formulm ( 2 a )  and ( 2 b ). Instmr- 
tions for machine working are ss followe :- 

( a ) When Set I formula ere used :- 

Set L.1I. half c o l u n ~ ~ ~  of line 7 ( EA ) o r ~  S.L. Multiply by line 5 ( r o t  o ) or the m e  half turning the handle 
forwarda/lmckanrd~ if the luttrr  (rut .  o ) is i ' c / - ' e .  Clcar S.L. ad M.11. Xrt R.H. half cohrmn of line 7 ( EM ) 
on S.L. and lnultiply by line 5 ( r o t  ,d ) or  t,h* same half turning hnntllc back~.artia/forwnrda if the latter ( rot ,d ) 
is 4 ~ ' / - v e .  Clrar S.L. and M R .  Set L.H. half colu~nll of lirir 8 ( h'i. 1 OII S.1,. l'rrrn handle bnckwarda once. 
Clear S.L. Set 1i.H. I~alf colunln of line Y ( SH ) I ~ I I  S.L. nnd turning ha~~r l le  fo~.n.ar(ls onre. Clear S.L. only. Srt  
linr 8, ( c o t  a-cot 8 : IIII S.L. and clicidc ( tul.r~infl hwdle foraarcls, IT  l'.ll. al~own eo~nplcn~ent ). Record 
quolirnt, with correct rlccilllsl pisre in lille 0.  

( b ) Clear S.L.. M.H. and P.R. Set 1..H. half column of line 8 ( NA ) on S.L. and turn handle forwards 
once. Clear S.L. and M.H.  8el line 5 ( rot a ) or the same half on S.L. and multiply Ily I ~ n e  I) ( E p  ) turning I~nndlr 
lbrwarda/backwards if the latter ( c o t  a ) is -! ' e i . - v e .  C'lrar M.R. only. hlultiply by L.H. half colun~n of linc 7 
( EA ) t u r n ~ n g  (.he I~anclle barkwardsjforwarda if the latter ( cot a ) is +*e;--"*.  Record figure in P.R. in L.H. half 
column of line 10. 

( c ) Rrpeat computations substituting R.H. half rohrnm of hne H ( Nn ). line 5 ( cot 8 ) and of linr 7 ( EM ) 
fur L.H. half culumn of the same lines NAP rot a ,  and EA respec.tively in para 3( 6 ) above. Chock that R.H. half 
column of line 10 ( Np ) thus obtnined agrees x i t h  thnt ol,Lair~ed in para 3( b ) above. I f  there is a small dilTcrrtrce 
no1 due to co~nputation error, acrcpt value of linr 10 ( Np ) from clr0lrt.tio11 for which linc 6 is numerically s~nallrr. 

( d ) M'hrn Set, 11 forrnulm are uwd. follow t l ~ r  inatr~rction~ in pars 31 a ) to ohtain line 0 ( Np ) bur inter- 
chance linc 7 ( 4 and Eo ) with linc 8 ( NA and Kg ) and ~ubs t i to le  tun* Ibr cnts in the ins l~c t iona .  Using the 
value of line 9 ( Np ) thus obtained, compute line 10 ( E p  ) following thc instrurtionn given in para 3( b )  & ( c ) abo\.e 
with the modification noted abnve in this sub-para and in addition suhsl,ituting Np for Ep.  

4. Complete lines I I and 12. See notr ( iv ) l o  dccidr whebher to us? AE and coseo or AN and sec. Complete 
line* 13. I4 and 16, the aubtrwtion in line 13 bring don? by marltinr. 

C o m p ~ ~ t e  line Ill  a.. follons :- 

Set line I3  ( AE or AN ) on S.L. and ~ n u l t ~ p l y  by 3 ( or 3.28084 if \vorkinp in metres ). Clear S.1.. Trnnafrr 
figure in P.H. on S.L. Turn handle backwards onrc and check that  P.H. reada 0000. Clear M.R. and multiply 

cosec a ( o r 8 )  
by ~ ~ ( q .  Clcar S.L. Trannfer figure in P.R. on S.L. and MuILiply by tan el (or  tan q) turning the handlp 

forwards. If line 1.5 ( scale factor ) is not significant. record tigum with proper sign in linc 10: otherwisr clear 
S.L. and M.R. and divide tigure ill P.R. by line 15. Record figure in M.R. in line 16. Co~nplete the remainder 

of the form following the  instructions. 
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1. Complete headings, eto. Choose those points whow co.ordinatca ( E ,  & N l )  fall in the Bamr 100 km. squaw 
and enter the co-ordinates (Es  & NLI ) of the SW. corner of this square in lines 2 C 3. Wich bhrm ro.orclinatee 
( Es & Ns )enter 11 Grid and enter values of the collstarlts a,, a,. . . u, and bop 6,. . . 60 in lines 4 to 0. Complete 
lines 1 to 3 for each point. Compute values of e and n according to foot-note ( ii ) and mcord them in linea 6 

and 6 respectively. 

Set line 6 ( e )  on S.L. and nlultiply by line tl ( n )  turning handle forwards. Record figure in P.R. in line 7 (en).  
Continue multiplication till Line 6 ( e ) appears in M.R. Record figuw in P.R. in Line 8 ( e n  ). Clear S.L.. h1.H. and 
P.R. Set line 6 ( n ) on S.L. and multiply by itself and record fi- in P.R. in line 9 ( n' ). Clear S.L., D1.R. and P.R. 

2. Cornpule El  a~ follows :--Set line 4 ( a. ) on S.L. w d  turn handle forwards once. Clear S.L. and M.R. 
Set line 6 ( e ) on S.L. and multiply by line 5 ( ul ) turning handle forwards/backwards as the sign of line 6 ( a ,  ) 

is +ve/-ve. Clear S.L. and M.R. Set line tl ( n ) on S.L. and 'multiply by line 0 ( a. ) turning handle forwa&/ 
backwards as the sign of line 6 ( a. ) is +ve/-ve. Clear S.L. and M.R. Set line 7 ( en ) on 9.L. and nlultiply by 
line 7 ( a ,  ) turning handle forwards/backwar& IW the sign of line 7 ( a, ) is +ve/-ve. Clear S.L. and M.R. Set 
line 8 (e' ) on S.L. and multiply by line 8 ( a, ) turning handle forwards/backwards as the sign of line 8 ( n, ) is 
4-vet-ve. Clear 9.L. and M.R. get line 9 ( n' ) on S.L. and rnultiply by line 9 (a. ) turning handle forwardr/ 
backwards as the sign of line 0 ( a l  ) is +vc/-ve. Hecord figure in P.R. against El. Clear S.L., M.R. and P.R. 

3. Compute N, in the Beme manner as in para 2 but using the values bo. b,, . . bl instead of ao, a,, . . u, and 
record the linal figure against N,. 
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~ ~ a u ~ m i o n  from Grid B to Glid c by interpolation,  tteing rolary machine (s- ingl t  o r b ) .  



l N S T R U C T I O N 8  

35  ( a )  Mach. 

1. Cornpletc hendings et~.. Chooae thosr points whose ro.onli11ate8 ( E l  & X, ) fall in t l ~ r  UIIIIP 101) kill. 
square nnd enter the rn-ordinate (E. & N,) of the SW. corner of thin square in Iinrs 2 ant1 3. WILII thw 
co.ordinntes ( E n  & N.) entcr 11 Gricl nnd enter valuas of the conatnuts a.. a,. . . . . . .a, and b., b,. . . . . .b ,  ill line 
4 to 11. Complete lines 1 to 3 for each point. Compute values of r and n eccording t o  foot-nate ( i i )  n ~ ~ d  m o d  
them in linen 6 end (I reepeotively. 

Set line 5 ( e )  on S.L. wtd multiply by line ti ( n )  turning hmdle forwe&. Record figure in P.1t. III  lim 
7 ( P I I ) .  - C o n t i t ~ ~ ~ c  multiplirntion till line 6 ( c )  appears in M.R. Rec*ord tignm i11 P.R. ill line 8 (e') .  ('lr.ur S.L., 
M.R. and P:R. Set line ti ( 1 , )  on S.L. and ~nultiply by itself ru~d record figure in P.R. in line 8 (nn). Ayein clear 
S.L., M.R. end P.R. Sct line 7 (en) on S.I. .. tnultiply by line 6 ( r ) and rrcord figuw in P.R. in line I l l  ( r l n  ). 
Continue multiplication till M.R. showa tigunr of line B (71) en! w o r d  tigum in P.R. in line 11 (ma) .  L'lrsrS.L., 
M.R. and P.R. 

2. Cot,~pufr En 69 JoUm~v :-Set line 4 ( a o )  on S.L. and turn handle forw~nls  once. Cleur S.L. turd M.H.  
Set line 6 ( c )  un S.I.. and 111ultiply by line 6 ( a , )  turning 11an<lla forwsrds/barkward~ as the sign of lithe 5 (ul) 

is + w/-w. Clear X.L. and M.R. Set line ti ( n )  on S.L. and ~nultiply by linc ti (a,)  turning h n r ~ d l ~  foru~ards/ 
backwnrda aa the sign or line U (n,)  is + w / - v e .  Clear S.L. and M.R. Set line 7 (en)  on S.L. and rnultiply by 
line 7 (a,) turning handle forwar~is/bnckwar& ne the sign of line 7 ( 0 ,  ) is +re!-ve. ('lenr S.L. and 3l.l{. Set line 
8 ( e ' )  on S.L. and multiply by line9 (0,) turning handle forwardsjbackwards as the sign of line R ( r r , )  is +UC/-LW.  

Clear S.L. and N.R. Set line 0 (n' ) on S.L. and tnultiply by I~nc. 9 ( ( 1 ,  ) burning I~ancllc f~rwalrls/btwkwal.Ib a8 the 
sign of line 9 (0,) is + tr/-tu. Clear S.L. and M.R. Set line I1 (vn2)  on 6.L.  atal n~ultiply by line I1 (u:) bum. 
ing handle fonvanh/berkwanls as the sign of line I I ( a 7 )  in + w/-ce .  Rcrord Agurc in P.H. again*t E2. Cluar 
S.L.. N.R.and P.R. 

3. Compute Nn in the same rnanner aa in para 2 but ueing the value8 6.. b,.  . . . . . . ba inntrad of 00. al.. . . . 
. .a, and line 10 ( e'n ) in place of line 11 ( en' ) and line 10 ( bn ) in plnce of Line I1 ( nr ). Recorrl the final figure in 
P.H. against NI. 



! .- m'ml = ,, .= -* (I!) 'N-'w 
I 3- 9 

"N I 1 3  saoq n! aamabs mq? roj ,qa ' q  *q g...lv '% lo sanlsa t--'----l----- a,, pus n + ~ a ~ u m  a1u1d -1 ~U!U!S~+UUJ a ~ b 9  .9 W l  I 1  3 aq? jo ~ a u r m  . M S  oqq 50 mN -3 n q s u p o - w  aql t l " z  san!~  m! 1 ~ ~ 3  ( !) 

i .o .o . I :q . 111 

, - 0  01 

. - - --- -- . o  I . 0  ;u . 
. . L- 

6 

tw 
i 

- -- 
1 

.- - .o ?P . '4 . 8 L -  
I .O . O  .O ua g~ . . I 

--i " g .0 -- . 0 I , ! I , ~  - I I . 
.- - I-. 

I ' q  . -- - -  4- - . - 
'v s 

j 1 A "  -- . i - t 

- .  
I I IN 0~000'00 'N E: 

-- 

I ! !  -- -- 
. I ' 3  0~000'00 'I Z 

'16 - (11 ~auioa -AS 'a~mbs .mq 0 0 1  I 

* 

1 Z . S L 0  S E E  l I 'N us9q + 'u'q + $q + w'q + uzq + a $  + $ = B u ! q p o ~  
-- r - -- 

! 1 c. S S L  1 2 s  I 
,u&w + ,ugv + ,a'o + ~ a %  + 12% + 0% +OD= ~ u ! ~ 6 8 3  

I i3 
I 

- . 
! . o  .(J .0 0 6 %  z c o z o  ,ua 0 . 0  L~ 0 .  z! I t. 4 '11 - 

4 I 
.o.  9 9 9  L P O . 0  .uf3 8 . Z l  - ' q  0.0 - 3" ---- C -- -- 

6 P 8  2 0 0 . 0  Gu L . Z C  1 '0 ! + '9  c .sz  - so 
7--- 

I 

1 .0 .  - ''I 5 . 6 1  , *", 1 8  

' .o 7 9 1 - 7 5  1 + % 1 ! ?  - . - - -- -. - -- - -- - . -. . 
.o . O  + " 4 . 7 i s  ! - -- - -- 
. o  1 .o .0 91' "8-0 L . 2 1 '  1 ' 1 . 9 C 6  f 6 / + - ' w  $ 

.- . - 
I. 162 6 L C  , " q -  1 . z c - a  L i t .  "0 I p 

- .- -. -. 
1 

. . I-.-- - 0.000'00 9 'N 
' 8 - - -- - 

' :  
- ' _ ' 

2- I 
'3 

-. 
o.ooo'oo9 'a z 

W E v  '1.3 ~ a u ~ o o  '&s ' a ~ ~ n b s  .my 001 



I N S T R U C T I O N S  

3s ( b )  MACH. 

1. Co~nphtu  I~errdinge etc. Cllr~oea thone poil~ts wl~oaeco.ordinalrs ( Lp & Ap) falf in tho s a n ~ e  l'aquam and 
e n h r  the co-unlir~rtcs ( L. & A. ) of tho SW. corner of thia square in lines 2 & 3. With these co-odiuatw ( L. & 
& )  enter I ?  Gricl oncl entar va luu~ of the conetanta a", a,. . . . .u, q d  b., b,. . . .b ,  ill lincn 4 to  9. Complete linea 1 
to  3 fur cncl~ pui1;1. Entor +- s i p  when latitudes am north MIA - rl1e11 aoulll ill line 3. Compute \.aluen of a 
and n urrurcling t o  foot-noh ( iv ) irrrspcctive of stg11 and m o r d  them in linen 6 uncl U rospecti\.ely. 

Sot line 6 ( s) on S.L. and luult,iply by line U ( n ) turning hnn(lle I'orwnrdu. Htu-on1 tigore in P.R. in line 
7 ( r n ). Continue &ltipliration till line 5 ( e  ) appoan, in 3l. lt .  Hwonl figura in P.R.  in line 8 (c '  ). Clear 
8.L.. M.R. and P.R. Set line U ( n )  o ~ r  S.I.. t u ~ d  ~nultiply by itself and recoral ligurn in P.It. ut line 9 ( n' 1. 

2. Cm~~pule  E,, as~ollurcs :-Set linu 4 (no ) on S.L. und turn I~nnclle for\r.nrtla once. Clear S.I.. and M.R. 
Set line 5 ( e ) on S.L. luld multiply by lino 5 ( u ,  ) turning l~nnrlle for\snr~la/bec~k\ranls na bhe sign of line 5 ( a ,  ) ia 
+ vel-\.o. Clear S.L. tuld 3l.R. Set lino ti ( k ) 011 S.L. und multiply by l u ~ o  U ( 0 8  1 t u n ~ i ~ ~ @  hnndlo rorwar&/ 
bnckwanh m tlm sign of linu U ( 0 , )  is -1 vel-vo. Clear S.L. and 3l.R. 8et line 7 ( a n )  on S.L. nucl lnultiply 
by lulo 7 (a, ) turning hnndlo f o r r a n l ~ / b a ~ ~ k w a r d n  na the  sign of line 7 (u. ) is + \.el-VO. Clear S.L. and M.R. 
Sot line 8 ( e l )  on S.  L and multiply by line 8 ( u, ) turning handle for.\v\.nrcl~/hnckn~ar~I~ M the ~ i g n  of lino 8 (a,) 
is + ve/- vo. Clmr S.L. and 51.1t. Set line Il (n') on S.L. and multiply b y  line 9 (a6) turning handle 
forwsnls/bnckwade na the sign of Line 0 (nr ) ia + vol- vn. Rccord figure in P.R. against E.. Clear S.L.. N.R. 
and P.R. 

Reacl corrwtion fronr chart I1 from the table of the grid concr~,ncd. Noto this correction with proper sign 
under E. and add t o  get E. 

8. Co~npute N..in the salne lnnnnor as in para 2 but using tho values b., b,.. . . . . . . .b. instead of aa, a,,. .. 
. .a,. Record the  f i ~ a l  figure in P.R. agoillat N.. as instructrvl on the form.- 

Read corrrction from chart I from the tnble of the grid concerned. Note this r,orreotion with proper sign 
under N. and ndd to got N. 



35(b) Mach. 

3 SECTION I l-nd Fd j v j .  COMPANY. DATE I 9 4 0  ,.rid net L 4 ,, 
rr.n p c r  { 3 i d  .a D o  

~~~.l;rr8ionfi'onl Spherical Glid  ,, ,,, r: , . c ~ I , ,  by  i~rtcrpolul~otr, l ~ l i ~ ~ g  rotary n~nchirw ( Ida ). 



I N S T R U C T I O N S  

36 MACH. 

1. Complete headings. 

2. Complete line8 1 to 12. 

3. Set line 12 on S.L. and n~ultiply by itself and record reault fro111 P.R. ilr line 13 with correct decimal poin(. 
Clear S.L. and M.R. 

4. Set. result in P.H. on S.L. Clrar P.R. and multiply by line 11 turning handle forward or bWkaor& 
according na line 11 is po~itive or negative, noting the decimal point camfully. Clear Y.L. and M.H. 

Set Line 8 on S.L. and multiply by linc 12 Lurning handle forward/backwarda according aa line B is +ve/-rn. 
Pu t  indicator to correct decilnel point in P.R. 

Clear S.L. and b1.R. 

Set line ( 0 ) on S.L. and a.~il't P.R. so that the unit figurn of P.R. ( indicalor ) and the unit liguru LI S.L. are io 
one line and turu handlo forward once. Clear S.L. and M.R. 

Set lL~e ( 2 1 on S.L., taking cam that the unit figure in it is in line with the unit figum in P.R. and turn 
handle backwards once. The result in P.11. is either a positive number or complement. Record the numbor in 
line 19 with correct sign and decinlal point. Clear P.R., S.L. and M.R. 

6. Set line I on S.L. starting fmnl t,hird placo from right so that tllero are three deoimala in all with two 
last decimals en zero. Turn handle forward once noting the decimal point in P.R. carefully. Clear S.L. and M.R. 
Now set line 12 on S.L. and multiply by line 9 turning handle for\vard/barkwnr& according as line 9 is -1vel-ve. 
Clear S.L. and hl.It. 

Sct result in P.R. on S.L.. also recording it in line 22 with correot decimal point. Clear P.R. and multiply 
by itself. Put  indicator to correct decilnol point hl P.R. Cleer S.L. and M.R. 

Multiply mentally line 10 by 4 and set on S.L. -Blultiply by line 10 turning handle forward/backward wood- 
ing en linen 10 end 10 are of the different/same signs, recording the result in line 25 with correct decimal point. 

0. Complete line 20. ( For methorl or taking squam root by machine see preface ). 

7. Complete the mat of the form. Carrying out division (line.29) on machino, keop five decimalr 
iq line 27 if this as well as line 28 are less than unity i.0. contain no integers. 
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kc SECTION ' l i d  Fd b v j  COMPANY. DATE June  1940 

n'ltrlhtrrq 
~~ , I , / t rn (  ~ ' ~ I I I I ~ ~ I ~ ~ ~ ~ ~ I J I I  oJ' o)t (:rzd p of IRP J , , I I R ~ ~  a1 which 1 1 ~ s  o/' etillq 

b,'~islrn!l .- on Grid B 
.Vorthcitg 

Vorth$ r e  - - o n C r u l n  
~ f l n l r 1 1 g  

( i ) I T S +  r i@t  h m d  side of line= (ti) to (11) when this ia . 
left N 

( i i )  Taka (9 ) - - !$  or (3) ip-)Bs line ( 3 )  is E or N respectively 
1 o1 

( i l i )  I.ines ( 2 3 )  to ( 2 6 )  call he worked directly in the machine. 

( i s )  l'.zkr ( 4 ) o r  ( 5 ) a l i n e  ( 3 )  ir E. 
N 

C(lmpated by Date 

a.B. -1'0 -.I.S. 361-J/:3G -1-8.44-500. 

. 

Checked by 

B , C  

1 5 2  x lo'!! 
- . . . . . - -8 - 

2 1 1  x 104 * 
f+ 

2 x 10' 
. - - - - -  - 

21 X lob 

I 4 6 7  ?09.7 

-. - - 
+ 9 , a l z . '  

-~ - - . - ~ 

+ 1 0 5 . 1  

. . 

+ 0 .  I 

-- - -. -. - - - 
+ 9 5 . 1  

. . ~ .  -- 

95.1 - 

+ 0.1 
- 

+ 0 . 0 1  

- 
~ 

- 

- . . . - 

- 5 1  t a 0 . 6 3 r  

- 
.- 

+ + 
9 3  812.11 

- - - 
- 

+ 9 9.4 "a 09P.  1 0 8 5  

- -  . - 

9 9  9 1 1 . 3 8 1  

+ 100. 2 7 7  

+ 1 9 0 . :  

5 1  7 1 2  

- 
z s 1  1 2 2  

1 (;rid a I (;rid 
+ .  .. 

) Cl~t t ing  li~lr! or1 (31.itl a 
.- . - . . . . - - . - . - - -  . - -  . . -  - . 

3 Cutting line on (;rid 13 ( i  ) 

I 

- .  . , - of (;rid t5' correwpundir~g to line ( 3 ) 
j 4 ; 1  'E  

I 

~...~ L-- - -. - 

x 104 : 
-.-_ - _ -. _ 

x 104 
N 

x 10" 
-- . -- 

x los  

$ + 
~ --.- ~ - 

- . 
-. -- 

- 
- 

- . 
- -- 

- . 

+ . +  
~ 

+ ' 

- 

- 
. ~ -. 

- -  . . . 

- 

- 
-- - 

. +  

- 

- 

+ 
.- - . . -. 

- 
--- 

- . 

- -  -~ ~~ 

6 i flu 

i.. 
x I ( r  - N 

- - - - -& 
B x 1 w - -  
N 

x 1w 
. . ~ 

x I(P 

~ - - . - -. . - -- 

- -. . . - 
- 
- .~ ~ 

- 
...~ - 

- 
-- . - .- . . -- 

- 

- 
+ 
- 
- .- - . . . . . . . -- -. -. 

- - - - . - . -. - - - 

-- 

- 

- 
- .  ~-~ 

~ -- 
- 

+ 
-. . - -- - 

- 
- - . -- 
- 

. - - -  

hlJ 
I ----- ~- 

7 1 "I h2 
- - -- ~ 1 P '4 61 

--- . .  ~ . - -- .~~ 

9 I a:; 6, 
- . - , . -- -- - . .-- -- . - . 1 b h  10 1 "4 

- I . - .. . 

11 1 u s  b+ I 
1 P  I , i 1 i e s ( 3 ) - ( 5 )  ( i i )  1 L i n e s ( 3 ) - ( 4 )  ( i i )  

1 :- :7--- lo5 

-I-- - - . 
--.-- 

13 1 Sq. of line ( 12 ) 
I 

1 4  I Lines ( 8 ) x (12) 
I 

15 
.--- 

16 

-....---....-....--..pp----. 

Lines ( 11 ) x ( 13 ) 

Line ( 6 ) 

17 ! Sum=lines ( 1 4 ) + ( 1 5 ) + ( 1 6 )  
-+ - 

16 

19 

20 

1.i11e ( 2  ) 

niff. = I ~ I I C S Y  ( I 7  ) - ( 18 ) 

Lines ( 9 )  x ( 1 2 )  
. -- 

21 , Line ( 7 ) 

2 2 1  ~ m n = l i 1 l e s ( 2 0 ) + ( 2 1 )  

23 1 ~ q .  of line ( 22 ) ( i i i )  
--- -- - ~~ -- 

2 4 4xI ines  ( 1 0 )  x ( 1 9 )  ( i i i )  

25 1 Diff.=lillc>e (23)-(24) ("')  
I ,.-- -. - 

/ ~ q .  root of line (25)  ( l i i ) t , o  Y ~ i e c i ~ n a ~ e  
I "1 Line8 (26)  -(22) 
I -- .~.. .. - 

28 I 3 x line (10) 

29 { Linw (3i)-(18) } x 10. 
~ - - - -  . 

30 j Linee ( 2 ) )  + (4) or ( 5 )  (I' ) 





AIR SURVEY FORMS 



I N B T R U C T I O N B  

14 ( a )  AIR 

1. Thin form provilw for canlera calibration hy m- of rnc~ra-mr.l~t. of tI10, extenlal arlgl$ r;rl~tendad 
by horizont,nl dintanccs o & b meareulvd on thn prenvun* phto,  firat, with tllo cnnlnra i l l  one lioslLioll n l~d  the11 with i t  
mtated about it* optical axis t,hrough 90'. Four co lu~n~ls ,a re  providoal thus allowing cloductionn ueing t& values 
a f  u & 11 for nnch rarnrra position to  ho mad*. Tile altcrnntivn valnom of a & h are ual~ally obtained by lr~onrruring to  
two or mom culltml murka ( symmotricnlly ploctxl ahuut tho prinripnl point ) illstmtl of to one only. I f  oldy one 
vehlc o f 0  & 6 for each poditiun in taken only two colulnnq llrod be conlpotc~! nncl linr 23 may be omitted. 

2. Complcta heading. and strikr out 'UP '  or  'IIOWN' and RIGHT or LEFT ( \r,tlichcrver dopa ]lot npply ) 
al~ove ditlprnrn a t  foot of form. ( 111 the c u o  of the P-24 caulera or other ra~nc,r,aq which do not havu instrunlont 
pnnel indicute tho two position8 during calibration by a dingfun1 ). Bill in t.11- word? 1JP or DOWN, RIGHT or 
LEFT ( wl~ichcver npplioa ) in linc one. 

3. Complcta lix~ca ?and 5 for all ramera position8 by rnemurernerlt of t l ~ r  can~era p m u m  plate 01. ualibratioll 
c o n k t  prlnt. Complc*tu line; 3 and (i from tho anglo hook fur all calnora position.. Complute linen 4, 7 tuld 8. 

4. Co~nplute linr: L) following formula ( u ) by nlaohirle as fullowa :- 

Sot 4 ( lino 2 ) on S.I.. Multiply by cot A ( line 4 ) turning hmallr foru.a~de. Clear S.L. .ancl M.lt. Set 
b ( l i i a  6 ) on 8.1,. hlnltiply by cot B turtling hmdlo bnckwards. Clear S.L. aud h1.R. Set ( o + b )  (line B ) o? 
S.L. and divido. If  P.I<. is a complement. divide by, building i t  11p to 0. Recold qllot,ient with I-orrect sign in 
line 8. Coniplotu line8 10 to  17 1i1r all camera ponitions. 

5. Cunlplete linen 18 and 10 for all cumera positions on nlechine e-q fullo\va :- 

Set o ( lule 2 ) on S.L. Multiply by cos ( A+@ ) ( linrr 13 ) tunling handle forwa~ls .  Clear S.L. Sot, pnbduot 
from P.R. on S.L. Turn handle buckwards once and check tllat P.H. roads 0000. C'laar P.R. and M.R. Multiply 
by coa @ ( lino I? ). Cloar S.L. and M.R. Sot  in A ( line 15 ) on S.L. and divide. Rerord quotiet~t from M.R. 
in lino 18. Ropnat t.ho eompuhtion given in this para substituting 6( line 5 ) for u, roe ( D-8 ) (line 14) for con 
( A+O ) slld sin B ( lino I6 ) fur ain A.  lterard socord value of 'f' thus obtuir~rd in line l!). Check agreement 
Ixrt,&n lines I8  and I9 and record mean for each columrl iu line 20. 

0. Clear S.1,. P.H.  end M.R. Sot 'f' fmln lino 20 on S.L. Nultiply by tan 0 ( Imo 9 ) and mcord procluct. 
in lino 21. (:0111plotL. for nU d~d~lct , ions.  (?omplot0 lino 9 2 .  Record Inearl vnlucs of ( d-! -o  ) fur ench camera position 
in line 23 and colnplrlu lir~n 21. Rword final meun focal length '/' from both canlorn positions in space provided 
a t  h o d  of form. 

NOTE.-"d" is the distance wllich the principal poinl i~ away from the mntml Inark to  whioh meesurelnent 
was made To1 any deduction. For direction in which meamred uea note ( iv ) on Form. 



14 (8) Air Surbtg o f  a n b i a  hge...... 

Air  S u r v e y  SECTION 1 ~ 1 d . F d  5~ COMPANY. DATE 1938- 1939 
Muchine cumputution of camera calibration 

Camera No. 2 w a  / F  Lens 10" PIec' P\~alpur Gantt 

Obeerver I lajor D R C r o r ~ e  Final mean focal length 1 5 6  4 ~ 4  Temp. ,s 

Porniul;e:- ( a )  tan 6 = a o o t A - b c o t B -  

a + b  
o ~ s ( ~ + e )  C O ~ ~  - b c o s  ( B - e )  C O B ~  

( b )  J = - - - 
sin A sin B 

i& 
Distance8 in -, 

1 / Instrument par1t.1 I D~~~ I R g h t  I Down 

~ i s t l t n c e  o 
--- 

'I? 3 Angle A 
- I - 

i / rot  B 1 3 10 351 I 3 1 g l 5 ~  1 3.86741 1 3 60 938 1 

4 

15 1 caos ( A + @ )  0 95 914 0 95961 
- -- - - - . 

I 

14 1 cos (B-6' )  0 96047 0. 95 999 

cot A 3 80 074 3.. b 8 4 0 0  3 CIS 060 3' 10 8 4 0  

1 5 1  s i n 1  0 .  2 5 4 4 5  0. 1 6  197 0' 31 076 
-- ..-~ -- 

sin B n. 3 0 6 6 9  0. 2 9  891 0 .  2s 0 3 4  
.- lei_.--- . 

17 Cos P 0. 99956 0 .  99 979 0 '  99951 

l8 . f= focal length( i i i )  756, 437 156. 532 156 ' 413 
- -- - -- - - -- 

19 J= focal length'iii ) 256  438 1 5 6 .  537 '156 ' 411 

20 Menn .f for colulnn concerned 1 s ~  437 2 5 6 '  535  ISC . 411. 
- -- 

21 d =.f tan 0  (i') -+ 7 .  508 -+ S. 319 - 7'-  901 
- -. --- -- .- - - -- - -. -. - 

22 8 d + o  7 5 .  648  7 5 .  389 7 5 .  179 
-. ... . -. -- - . -- -. - --- ~ 

PA- - 

25 1 Mean ( d  + u )  for each positiorl 75 . .  41 75. 1 6  

5 Distar~ce b 8 1  ' ;z 7s' 87 bb' 90 6 9 '  92 
. _!.. - -~ - -- - 

6 ! Angle B 
- -I-. 

I I I 

24 M e a n ( d + a ) - ( a ) f o r  
reference mark ( v ,  

Computed h y  Date Checketl h!l 1)ale 

( i ) Using Eurmulr ( a )  enter tun 0 wit11 proper sign. 
( ii ) &we sign us line (9). 
(iii) Enter V ~ ~ I I P S  off from ~nch forlnulu OE ( b )  i l l  I ~ I I C S  ( 18) 

nnd ( 1Y).  

+ .' 
( iv Inn 0 Iro~tr line (9) nnd f €run, lirle (20); whrn J is L, ti10 p0ai- 

tivn of lllr principrl pint i, tuw\ds b Erolu the wutra C. 
( v ) TIIV rcfcrrancu lnlrrk is the lnirrli to whioh the Ilnnl eo-urdinnles 

of the principal point ore to be reir*rrt%l. 



I N B T R U C T I O N B  

20 AIR 

1. ComplcC headings. 

9. Complete lines I to 10. I? to  18 and 20 to 92. For instmctio~ls nee Amenrl~nent dated 22.0.42 
Appendix 111. T. H. 8. XII, 2nd Ed~t ior~.  103V. 

3. Work lines 11. 19 and 23 by slide rule arconling to the following instn~ct.ions :- 

Set the index on O scnle to line G (waled distance in feet) on D wale. 

Bring ouraor to line 10 on C srele, tllrn art line 5 ( convertad to  seronda) on C wale beneath euwr. 
R o d  D eeelr under the irldes on C waJo end rccord the result in line 11 to nearest hundrml. 

4. bt the index on C s r ab  to line I1 on D acale a114 bring rurnor to line 12 on C acale. 

Bring the index OII C wale beneath cursor. Set curaor to line 18 on C wale. Then net Line 1.4 on C scale 
beneath cursor. Then seL curdor to  the indes of C wale. Then net line I3 on C acale beneath cursor. Then eet 
curaor to Lhe index of C srale. TIlrn act 8 on 1' ernle beneath cursor. 

Road D wale against, index on C srale and rwcord the result in line 19 wit11 correct sign. 

6. Set the index on C wele to line 1 I on 1) scnle and bring cursor to lrne 12 on C wale. Then bring Line 
22 on C wolo beneat11 the cursor. Rend scale D ngai~lst the index 011 C wale and record in line 22 to one 
dacinlal plere. 



P A R T Y ,  
PI, l l,,d Fd J d y  COY. 

) SEASON 19 4 3  

MCI Earl Melhod.  Till Cuweclirrna 



27 Air 

I N S T R U C T I O N S  

27 AIR 

1. Complctc liradinp. 

9 .  Cornplctc lirreu 1 to  A nnd lincs 10, 11 and 12. For instructions w e  Arnend~~lent dnLnl 42.0.42 to 
Appendix 111. T. H. H. XII. 2nd Edition, 1939. 

3. Set the index OIL C srnlr to  line 3 on D wale. Thrri s r t  cursor to line 0 on C wale. T l ~ r r ~  set 111re 8 
C wale bellmtlr cursor. Read D scale oqairret t.he index on C settle end record irr line 0 to onit's place with 
correct sign. 

4. Completc l ir ir~ 13 and 1.1 ( if necessary ). 

D. D. F. L. PARTY 17.2- 43 SEASON k ~ h u l  SURVEY AREA STRIP 

1 6 Difference 

Stereosco)ic Heights Sheet No. 3 F 10 M , d E a s  t M e  r h od 

5 3 + 21 I Y I f  )4 

1 884 3 9 0 4  - 
la . ~ t .  (o)+ (10)+(1i)+(lz) 7 5 0  4 9 i O  3 ma* 4 ozZ 

-- - - .-- - - 
14 Mean with ref. No. I 

Cntcr p a r a l l a m  sc.lr r r a d a n g  S 

..,lh rnl".., .'I" 
6ignul11rr of O b ~ r w  

1 

G.B.-P.0.-J.6. 58&U-12-43-60 bks. of 25 for~ns each. 

. - - -  - ~ 

2 ( No. of Poiht I Z  I 5 , 9 3 

Overlap 2 9  b q l  - 4 2  



M I D  E A S T  M E T H O D  

C O R R E C T I O N  D I A G R A M  

P h o t o  no's 2 b b 4 2 - 4 %  



I N B T R U C T I O N B  

31 AIR 

1. Enter headings noting whether it is the 1st. 2nd etc. horizon for whioh necessary co r r ec t i o~  are to be 
computal. 

9. In line 1 enter names of Rig .  pointa to which measurements have been made for tho purpose ofoonscting 
the horizon Points ( 1 ). ( 2 ) and ( 3 ) are the actual points ta be uaed point ( 4 ) is to be trmhnl M a check point. 

3. I n  Line 2 enter heights of points ss computed on 32 Air. Complete lines 3 to tl making neceensry measure. 
rnents from the out line compilation of the area for entry in line 6 and 6 and obser\fing the rule of signs lor line 6 
given a t  foot of form. 

4. Gompletc lines 7. 0 and 9 in the followuyy manner :-For line 7 enter in first column the algebraic differ. 
ence between the values in col. 1 of line U and col. 2 of line 6. In  the wcond colunu~ onter the algebraic diRerence 
between the valuea in col. 2 of line 6 and col. 3 of line 0. Leave remaining two rolnmns blank. 

In  a similar manner complete linea 8 and 0. 

5. Complelc line 10 on machine M follows :- 

Set left hand number from line 7 on S.L. multiply by right hand nurnber from line 8 turning handle forwar&/ 
backwards if signa or both numbers are mme/oppoeite. Clear S.L. and M.R. Set right hand number from l i i  
7 pn S.L. bdultiply by left Iland number from line 0 turning handle backwards/forwarde if sign. of both numbers 
ere seme/opposite. Record figure appearing fram P.R. in line 10 with correct sign ( negative if P.R. shows a com- 
plement ) and decimal point. 

Similarly complete lines 11 and 12 substituting linee 8 and 9, and 7 and 0 mepeobively for linen 7 and 8 in the 
above inetructions. 

6. After completing line 12, transfer figures appearins in P.R. to S.L. and turn handle backwards once and 
oheck that P.R. made 00000 ( if P.R. shows a complement t r a d e r  one minua figuree in P.R., give the handle one 
forwarcl turn and check that P.R. rends 1.00000 ). Clear P.R. and M.R. 

7. Turn handle forward until P.R. nhows the number appearing in line 10. Record figure from M.R. with 
correct sign and decimal point in line 13. Continue turning handle until P.R. shows line 11. Record figure from 
M.R. with correct sign and decimal point in line 14 ( first col. ). Complete Line 14. 

8. Complete line 15. cols. 1 and 2 fmm form 32 Air. Compute col. 3 by slide rule. Add cols. 2 and 3 
and enter in line 16 col. 1. Clear S.L.. P.R. and M.R. Set tan 68 (line 13 ) on S.L. Multiply by line 16 ( l e h  
hand col. \ and record with correct sign and decimal point in Line 10 ( 2nd col. ). 

Continue multiplication until M.R. shows line 6 for each point ( including 4 ) in turn. Record products in 
appropriate columns for each point with correct sign in line 17. 

0. Clear S.L.. M.R. and P.R. Set tan &+ ( line 14 ) on S.L. and multiply by line 0 for each point in turn, 
recording pmducts in appropriate columns for each point with correct sign in line 10. Complete line 10. 

10. Complete line 20 ( algebraia sum of lines 17, 10 and 10 ). Check that line 20 for fvst 3 columns agrees 
to within 1 foot and that agreement for point 4 ( check point ) is within 1/700 of line 6. 

NOTE :-This form may with advantage be worked with comptometer. for which it was primarily designed. 
I t  is presumed that the computer is c o n v e m t  with the use of the comptometer, if not. the special bpoklet 
issued with the machine should be consulted. 



31 Air Sarbog of a n b i a  Page...... 

H I -  1 L4,- . , SECTION I l r i J  Fn I COMPANY. DATE 1357 " 0  

Detelvr~innliorr of True liorizon on Oblique Photographe 

from three kmwtb poimtu 

( ii ) The True Horizon makes this angle with the spprorimate horizon. On the right of the photograph the true is $: the a p p r r i -  

sllpvey u. ,? i 1 ' + , Photograph No. 2 4  0 8 :  

Horizon No. 2 

mate when $n is 3 5 .  rntnua 

( i i i)  The true horiaon is this distanot, above the epproximete on the prinoipal Ilne. 

1 

2 

3 

Computed by Date 

(1) v.',i, 

6 6 I ; 

C 2 5 5  

+ 3 6 0 

Point 

Height from Approx. Horizon 
-- - - - - - .. . -. - -. - . . . -. 

True Height of Point . 

r e ~ ~ c e  =Line (2 )  -Line (3) 
- - . -- -- 

Distance along 
Principal line in feet 

(2) y'z 1 ,  

7 8 9 1  

-- 
7 7 3 4  

+ 1 5 7  

- 

Perpendicular diatance to - , A 

Principal line i r ~  feet (i) 

-. --- 
Col. 

4 6  2 5  5 

--- - 

i 4 6  7 7  

t 7 5 4 6  

.- - 

8 

9 

(3) y ~ i v  

7 4 5 9  

--. ~ 

7 4 G C  

i 5 3 

(4) J ; # I  1 

c 

6 3 7 9  

t 2 : 9  

~~ 

4 0 5 3 1  

- 2 b 6 ' i  

From line (4) 
--- 

From line (5) 

- 7 1  5 ~ a  

+ 1'24 

10 Lines (7) x (8) x 10- - 2 ' 0 6 0 

Difference of . 
product 

-- (NW-NE) 

12 ~ i , , ~ ~ ( 7 ) ~ ( g ) ~ 1 0 - 6  - 5 9 6 .  2 6 0  

1 0  4 2 c 

. . . - - 

(1) - ( 2 )  
-- 

Col. 
( I ) - ( ? )  + 3 0  I c! s 

+ 1 5 3 2  

. - - - - -. - - . 

+ 0 -  5 9 9  

-. 

+ 4 3 .  4 8 0  

- 
(ii) O ' 

&+= .) s o  
.- 

+ 1 : 3 . 1 0 0  

(iii) 
+ o 0 6 0 4 5  

+ 2 2 7  

- 4 2  

-- 

- 1 5 7  

+ Z B  

13 

15 

16 

17 

18 

19 

20 

3 7  ;. 4 3 

-. - -. - -- 

(2)- (3) 
. - 

Col. 
(2)-(3) 

( i ) Distancen to  the right of the principul line ere plw. 

- 3 . 5 9 2  

i 5. 5 1 2  

- -- 

- 6 3 9  7'0 

. . . - - -. -- 

+ 0 . 6 7  6 1 

+ 2 C, 3 

- 

+ 5 7 6 2 

+ O a ' '  

- o - c o e ~ , ?  

+ 2 -  6 1 3  

+ 2 6 0  

--A 

+ 1 2 9  

- 3 6 0 

+ 

tanSO=Col. (3) l ine( lO)i l ine  (12) 

14hn6#=Col . (3 ) l ine ( l l ) - l ine ( l2 )  

.- 

+ 5 8  

 AD,","^^^&, 
Imm P.P.=d 

f + ;  

+ 2 0 9  

-- -. .. . . --. - 
Line (13) x line (5) 

Line (14) x line (6) 

Line (4) with oppei te  sign 

Increment to approx. Sum= Height of aircraft 
S 

~ d $ m t h  

+ 2 3  

- 5 5  

+ 2 8  

d_l 

+ b l  

. . - .-A 

- 2 2 9  

+ 41 

t . n ~ ~ ( f + : ) ( i y ' + ~ ~ . r r r  



I N S T R U C T I O N S  

31 AIR 

( A  ) Wlkn uaui Lo obtain data for entry on 31 Air ( Delenlai~llon of true b r i m  ). 

( i ) Fill in heeriings. Entor number of horizon used for rnaesllretnerlts ( s.g. 1st. 2nd kc. ) a n d  the relevant 
page of 31 Air if it in a colnputed horizon and not the firac approximation, 

( ii ) Enter llurnbere of points of known hoigl~ta tmcl the numter of photograph nl-umd. 

( iii ) Complote lines 3. 4 and 12. ( All above data is rlorrnally entered by surveyor ). 

( iv ) Complete lihw 6 to  11 ( inclusive ) as undor. working acrorcling to left hand c o l m i ,  if a rotary calcu. 
lating machine is ueed and nccorrlillg to the rigllt,hnnd column if a comptomuter is used. 

( v ) With Robry Coleulclling Machine.-Work to  four decimal placer throuyhotlt. Set line 4 e n  8.L. 
Multiply by ( B ) in hgeding. Set p r u d t ~ t  on S . L .  torn Ilanclle backward once oheok that  P.R. 
redla 0000. Clear Y.R. and P.R. Multiply by line 1 and rocord'in lino 6 with cormct sign and 
decinlal point. 

Clear P.R. and M.R.. multiply succeeaively by line 3 for every point and record in line 9 with correet 
sign and decimal point. 

Complete linen 8 and 10 entering sign and decimal point in each cese. 

Set line :1 on S.L. Multiply by line 12 clear S.L. and M.R. Set line 10 on 6.L. and divide. Record 
figure ill M.R. in line 13 with correct sign and tlecimal point. Complete the remaining form as in 
( vii ) and ( viii ) below. 

( vi ) With Co11rpLorne1er.-Work straight through according to instructions of right hmtd colrlmn ( t o  
four decimal plnces throughout ) until tan m i a  obtained in line 11 ( enter correct sign in each case ). 

( vii ) Complete lines 13. I4 and 15 with correct sign and decimal point. Curvature an< refrnotion correc- 
tion in line I4 is that  for the distance given in line 12. (Obtained from 17 Topo or I7 Sur. ). 

( viii ) Hecord algebraic num of lines 13, 14 and 15 in line 16. Thia eqoah the height from approx. horizon 
to  be enternd upon 31 Air ( line 2 ). 

( B ) When vaed with slide rule lo conlpule height8 for conlotrring from Jnal nccepled horizon. 

( i ) Proceed es in A ( i ), ( ii ) a n d  ( iii ), entering the number ofthe horizon on eaah photograph in brackets 
ngainst the number of the photograph. 

( ii ) Work li~les 5 to  13 ( left hand column inclusive ) by slide rule, to s*l many decimal places a~ possible, 
eccording to  the following inetructiorls :- 

Set cursor to line 4 on D scale. 

Bring ( A ) on C scale heneath cursor. 

Set cursor to  line 4 on C scale. Rocord reading on D male in line 6 with correct sign and decimal 

point .  With the rule as mt, set cursor to line 3 on C scale for each poult ( m e a r u ~ d  on t l ~ e  

concerned ) in turn, and record rending on D scale with correct sign and decimnl point in each case 
in line 9. 

Complete Lines 8 And 10 entering correct sign. Bring line 10 on C scale againnt line 3 on D scale. 

set cursor to line 12 on  scale, rend value on D scale and record in line 13 with rorrect sign and decimal 
point. 

( iii ) Complete Lines 14 to 18 as in A ( vii ) and ( viii ) above. 

( iv ) Enter accepted mean height of point in line 17. 



A l r  survey  SECTION No.1 Field Survey COMPANY. DATE 1939 - 4 0  

Computation of Heights from Oblique Air  Photographs by w h i n e ,  elide rule or comptometer. 

Survey W a z i r i s t a n  Area 3 Strip No. 1 8  Camera No. Lens 10'' FocalLength(f)= 10 .100  ( A )  

Sheet NO. 3 8  Hi14 Horizon No. S e e  l i n e  2 from 31 Air page F i r s t  O p D r o r  ~ O T ; L O N  l/f= o a9 901 (B) - Using C o m p t o m e t c r  b ---.- Using R o t o r ,  Mocha*c + e- c's  -: r ' , . .  . 
1  Point NO. K / 2 3  Y / L ~ I -  Y /  2 30 J/ I I  J / I I  y !271  v/ s o ~ 1 2 6 9  a y j 2 7 1  A 

I 
2 Photograph NO. ( Horizon NO. ) 1 f 2 4  085  ( 1 1  4 2 4  ; € 5  2 .  / / a  ? 6 ?  .,, 

- 0 . 1 1 6 1  I - o I o I I  - 0 . 1  Olb - 0 ' 2  8 8 3  - 0 0 7 9 )  

e = a - 0 = ( 8 ) - ( 9 )  1 -  3" 0 6 ,  s o "  - I- 44. 4 0 ' ~  - 9. 5 3 ,  70,,j- 3. 51' 1 0 "  1 '10.6 6 5 6  . i + 10 7 8 b S  + I D  I 8 0 7  + lo 5 " I D  -+ , C - l  0 9 7  +lo-7 rn7I 

14 1 Curvature and refraction corrn. (feet) 1 + 4 4 1 + 3 4  I+ 2 I+ 2 7  / +  3 0  I+ 3 5  I +  I j +  1 6  / +  Ir )+  ,5 1 

IJistpncr! in feet of point from amera  I 
l2 1 rtztion alony principal linlr 

DiE. of height (Eeet) 1 Diff. of height (feet) 

16 Height of Aircraft ( in feet) 1 9 0 8 9  I  9 089 1 9 o Q q  1 9  0 8 9  1 3 1 9 2  1 9 1.1 1 1  1 017 I 9 179 

4 6  293 

Pior~e:-( i ) Use left hand column with glide rule or rotnr arlculating machine. Use r' h t  hand cnlumn with comptomebr, &king ( B ) from hed ing .  
( i i )  ~ a k e  ( A )  or ( B )  from hesdinguaing ( I ) + [ * )  ~ i t b  s l iderdesnd (4)rnYB) withmachina 

1 3 1 = ( 3 ) ~ ( 1 2 ) - ( 1 0 ) 1  = ( 1 1 ) ~ 1 1 2 )  1 -  

Computed by Dak -by Dab 

4 0  531 

16 

- 1 1 1 1  , / -  I 6 3 1  

6 / 1 5  Algebraic sun = Ht. of point in feet 

I D  4 1 6  

17 1 Accepted Mean with reference 

1 8 9 1  

37 2 4 3  

- I 4 e v  - I r l g  - 1 
i 510 i -  "" I 

I -  1 3 9 5  

7 4 5 9  

,a 007 j do  971 I - I 1 1  9 1 5  i dl lil 

I I 
d o  0 2 L  

I 

6 - 0 8  

- 1 0 1 4  - 1 1 5 5  

t 4 0 1  1 7 e 4  I LII 1 1 3 5  

+.--- 7 

a 4 %  J 1 7 1 .  

130 -+ 





S n r b t g  of a n b i n  

nir s ~ ~ ~ ~ , ~ ~ ~ ~ I ~ ~  P!., i lna  F d 5 ,  COMPANY. DATE ,,,, 
Heights fi.m oblique air  photographs ( asamed horizon. ) 

Page ...... 

Dab Chscked by D o b  

Camera 27 M 

Focal length (f ) = , c .  Q 5 in. 

Scale Factor S ( i )  = 1 9 ~ ~  5 

( Computed from scaled plot, ) 

from form 32 ( b )  A.ir{:;z 1:: ; y:, 

NOT=:- ( i ) S in t h e  factor by which X. X. s n d  
Y. most  be multiplied t> convert 
them to the  actual drstanwr in feet 
which they represent on the grouud. 

( ii ) X is the  d i s h o e  of t h e  point from 
the plumb point of t h e  photagraph 
conearned meoeured in any unlts 
along the  principal line on the out- 
line plot. 

( i i i )  X. and TB are dietesces in the eatne 
unibus X of thepointfrom thcplulrkb 
point o f th r  oentral lrelermce) photo. 
grapll measured on the rnttlina plot 
along and a t  r ight  augloe the 
principal line of tlre reference p h u b  
graph rerpectirrly. Distnnoea Y. 
a re  plw to  the  r ight  of the yriocipvl 
line and minur to the left. 

f iv ) To reduce to the plane of the central 
(reference) air atation. Prom form 
az(c) h. 



32 ( h )  AIR 

Line 1. Select 3 reliable points forming a good triengle end enter up in line 1 undor A. B & C. Ents. up 
the 4th point aa a chock point. 

L i e  2. Enter up tho heights of points from the available data. 

Links 3 & 4. For the pc>int col~cerncd. copy out Lines 17 end I R  of Form 32 ( u ) Air in li~roe 3 and 4 mpeot. 
tivcly. 

CoorpleLn linen B and 6. 

Line 7. Set I on scale 13 under ( S ) ( fro111 Form 320 Air ) on scab  A,  alide cursor to XR ( from Form 3& ~b 
for tho point ct~ncurnt>al ) on R alr B, mnd OR t h ~  values on SCUIG A and unter in lint' 7. ( Or. U s i ~ g  
Mnchinn, Set ( S ) on S.1. rind multiply by S a  for poinh conrerne(l ). 

Line 8. \Vit.l~ Lllo ~ u l e  set in llnr ., sli~le rumor to  Yu ( from Forrn 321.1 Air f r ) ~  thc point co~~cerned ) on aaPle 
13, rend oR the raluea or1 scale A and entar in line 8 wiLh resulting sign. ( Or using machine, set ( 8 ) 
on S.L. and moltiply by YR for points concerned ). 

C'olnplete linrs 0 to 1 I with pNprr aign. 

Line 12. Set curaor to line 10 on A ,  set line 9 on scnlo H under the ruraor. read vnluea on scnlo A against 1 
on scale U and enter in line I2 wilh proper sign and decimal point. Repent for line 14a us described 
for lino 14. ( Or, lleir~g rnnch~no, sot line 10 in P.R. nnd divide by line U ). 

Line 13. Set curaor to line I I 011 11. Set line 9 on scale B under the rursor, read values on scale A agaimt I 
on wale B and enter in line 13 with proper sign and decimal point. Repent for 1u1e 1311 u described 
for linu 13. ( Or, lrsing n ~ n c h ~ n r ,  set line 11 in P.H. and divido by line 9 ). 

Line 14. Ii'orki~rg with Ur~inauiyn Twin 13 Z. -Set  lino 13 on L.H.S.L. and llrlo 13n on R.H.S.L. Connect 
machines in pnrallel or opposition according as lines 13 and 1311 have the shme or opposite slgn. 
' J ' U ~ I I  llan~llc onca forward if line 13n is positive and bnckward if i t  is negative. Clear S.L. and 
M.R. Sot lirm 12 on L.H.S.I.. and line 1 2 ~  on R.H.S.L. Connoct maclli~lea in pnrallrl or opposi- 
tion according as lines 12 and I& have the enme or oppo~i te  sign. Equalise both P.Rs. Then 89 
will aplJcar in the P.R.  nnd 69 in the EI1.R. I f  P.H. is a c o ~ n p l r ~ ~ r n n t  ( i.8. negative 1 then 68 will 
be positive. 6) is positive when linm 1% is + and marhine wan driven forwards, or  whon l ~ n e  120 
is - and n~er l~ ino  ww driven backwards. Otherwise i t  is negative. 

Il.'orkitrg with n YO-inch rlide ru1c.-Subtract line 13 Crom line 130 with proper sign. Set curaor to 
resr~lt 011 scale A. 

Subtract l ~ n e  14n from line 12 with proper sign and set result on srale B under the rursor. read 
valuew on scale A againat 1 on scale B and enter them against 69 with proper sign and derimal 
point. 

With t l ~ e  rule set, slide curaor to line 12 on scale 13, read values on arale A,  add these values in line 13 
mentally with propor sign and decimal point and enter sum against 66, with opposito sign. 

ll'orking with Si~tgle Machine.-Computr 6) by the second forrn~~ln givrnnL foot of form as  follows:- 
S~lbtrnot lino 1.' from line 140 and record in laat wlumn of lino 12 with correct sign. Subtract 
line 13,: from l ~ n e  13 and record with correct sign in lust column of linc 13. Divide la8t column 
line I3 by last column line 12 and record with correct sign and deciln~l placeagainst 6+. 

Clear S.L.. M.R.. and P.R. Set 69 on S.L. and multiply by line 12. Add lino 13 to product with 
correct sign. Enter 68 with its correct aign in line 14. ( Note the formuln gives-68 ). 

Chwk by multiplying figures net by line 12a and adding line 13a. The second value of 68 thus 
obtained should agree with the first. 

Line 15. Sot 1 on wale B under 68 on male A, slide cursor to line 7 on scale B, read off the values on scale A 
an11 enter in line 15 with proper sign a r ~ d  decimal point. 

Line 10. Set I oil sralo B under 64 on scalo A, slide cursor to  line R on scale B, read off the values on scale A 
and er:ter in line LO wibh proper sign and decimal point. 

Line 17. Complete line 17 by adding lines 6, 15, 16 with proper sign. 



32(b) Air. s n r b t g  of a n b i a  

v I , , !  $ 4  I SECTION , I f COMPANY. DATE 

K(~cls3cation of ussumed horizon on obliquc uir phulographr 

Survey 1 k ,  CIn~~lern 7 ' " Phutu Nu. 4 '  ' a-1 Hel'. Form 3 2  ( a )  Air, pagcb ; 

qj,, lL 4 + t 4 .  

( i )  80=l ine(12  ) .6$+l ine(13  ) 
=line (12a) .6$ +line (13.) 

1  
-- 

2 

: 

line (13 ) -line (130) 
8$= line -- (I2a)-l ine (13 ) 

8O=do\vnward angle along principal line which t h e  assanled ( n e ~ r l y  ) h o r i ~ o n t d  reference plane mnakes with the tndy 
llorizontal plane. 

&$=angle (down on r igh t )  at right angles to the principal line which the asrumed horizontal referenc~ p h e  d c 6  
with the truly hormzontal plane. 
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32 ( r )  AIR 

1 N S T R U C T l O N S  

COUPLI,;TL< IILADIHCS.  

(.*0111mr, No. 1. Enter up G l l r  nun~brrs or the two pholc~prnph* ( .4 b H ) eonlaining c<mlunol) pninta. 11 is ill? 

pl~otognrpl~ \vhn.w ~ ~ ~ ~ r n l ) e r  is Ilenrzr to l. l~nl. of t l l r  <*clltral ( rr f?~<rn~.e ) 1111~~togr~~~l1 .  

Column N,I. 2. 1:11trr I I ~  ~ h r  nrnr~~br~.  of  colnmull polnLs w l~ ivh  llnvc bcrn ~nurkcd ,111 Ole 1%" p l~oto~~, ,~h~ 

A nlul I3 for nlcnnulrn~rnt a111<1 rornl)utntlvll YCIV~II 32 ( o ) Air. 

Column No. 3. Writ? down tl~r ~ l i lb rc r~crs  ( 1) l iw I1 IIIIG~OF~~I~I~ II~~IIU~ D for A 11l10togr~pJ1 ) W I ~ ~ I  appro. 

,wiak r;ign. 1 )  b~i118 t nkm froan lint 1 :I t ~ f  Yortt~ 32 ( n ) Air. Total the <lifferenraa obtlrined 

113ing all rolnnlon point?i wi th proper siprl, atl.i(c l lown n@IiIlst sllln and hike ou l  tl ls 111ean. 

Colunrll No. 4. W r i t e  clown the nu~nbr r  of A ~~ l~o tog rn l d l  lwlcl t l ~ c  ~ lpebmic  auln o f  tl~r rnewt cliKormrps 

for n l l  paira of plrntograph b r t w ~ c e ~ ~  A n ~ t d  t l ~ ?  r c n t ~ ~ t l  ( rsfercncr ) pl~otogrt~ph. T l ~ c  fi8urc 

thud obtnir~rd is t l ~ n t  w q ~ ~ i r c d  fnr entry nt  lillr 14 on form 32 ( n ) Air. 



i *Ir 

S u r b t g  o f  ,311bia 

, SECTION I I,, , J  - - , . .I  COMPANY DATE 2 ,, ,. 
C'unqulalion o f  Meun C'orrections lo Depth8 o f  porntr from oblique photographe 

( f u r  entry in line 14 c?f'Forrn 32 ( a )  A i r )  

Strip No. I 

E'ocal length \ o .  0 3 s  in#. &f. Form 33 ( a ) Air. Pages 1 - ,  , 

R ~ ~ g ~ .  ( i ) A and B ere ghotugraphs conklining eouunun points, l 'he number of B ia uearer to that of the central (referen-) yhot~nlphs  
( 11 ) D. and D, from Form 32 (a) Air. line 13. 
( iii ) Sum of N a n  differences for all paire 01 photographs between A and the oentral (mference) photogreph. 

/ _ i l j J e d l y  Date Checksd by Data 
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