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Referance: 

Enclosure1 
(Herewith} 

Range Ballistic Con::ectior.~ due to curvature and 
rotation of the earth---met,1od of! handling 

(a) 0 .l'. No. 757 • 16" l<ange ·rable 
(b) Exterior BaListicsp 19.35 Edition by E. E. Hen'll>ann 
(c) Buord Circular ltr A-175, Ballistics - Effect of 

rotation of the .,,,_rth on flight of projectiles 

(A) Curvature of Ear th Table 

l. It has come t n the a;ttention of the Buras.u that tbex·e 
is sor.1e question .as to the proper met .od of hand.ling certcin small cor­
rections in the r:mge ballistic. Although in most cases these correcu 
tions are widoubted.ly beincr !>roperly applied by the fO't'cas efloat, it is 
¢onsidered advisable to outl ine them briefly. 

2. 9URV.\TU!tE OF '£HE EARTH ~ U, $. Navy range tables !'.l'e 

based on the assumption that the gu."' tr-JJmiullS and target are in the 
horizontal plane t:ln.gent to the oor"th 's s'U.l'face at. the gun. Thus, when 
using pointer fire or direct fire i n elevr..ti m, the range table ·range 
should l>e used wi ti1out any correction fo:r C'.UVa ture of the earth. HO'll'~ 
l!'ter, when using the stable vertical type cf director for ind:!.l:'ect fire l n 
elevation, a co1Tection for cll.M'e.ture IJIUSt oo applied to the range table 
I'Bllg<l since the guns are .laid wi.th respect to the horizonto.l, ra.thar the.Ii 
lfith respect to the line of sight. 

3. To determine r :J.Jlgfl eorrection for ourvature of '!:he e~.l:'th, 
enclosure (A) should be used :tn C{ll\juncti.011 with oolumn 19 of the re.nise 
tables, as follO!\'SJ 

Correction (Yds.) s curratl!,te (ft, trm eoo,(A)) x lOQ 
c 011.;JUl l. 9 

This correction represents the all\OUll.t which the range ot the proje<1tl.1e 
eltl)eeds the r<>.nge s.11 shC'llll in the range tab ls, The aorr1>Gti.on is th>..13 
applicable &S a taown• co:r;rection. 

4. To illustrate a eipecitio =ple aa:ewe ~ J:'Sl1ga o£ 19,800 
)'ds. From en¢losure (&) the t1~ature of the esr"..h at this x--onga is 85 rt. 
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RESTRICTED 
Usi ng the t~ble on pages 24 and 25 of r eference (a}, ·col\l!lln 19, a cor­
r ection of :range can be computed to cor.ipensate t or tbie 85 ft. correction in 
elevation. Tilus §2. x 100 • approximately 89 ;yds. in range rep1·eaent the 

95 
aroount whi ch the actual range of the projectile exceeds the range as si1cnm 
in the r . 'nge table. 

5. Actually the cU.rva ture of th~ er.rt h vari es as R2 
(where R.. range in yards) s o t hat the ~orrection i n minutes vari~s es 
R; · and the elevcti on correction fe>r ~artb ' s cu..T'Vature (in minutes of 

:ire) can be sufficiently well ap?roximated as the ro.nge in yards divided 
by 4000. For example, a t 19,800 yards, t he curvature would be 4.95 

· minutes which by Column 2b of reference (a) gives a correction of 86 yards 
as compared with 89 yards for the mor.e accurate calculation above, 

6. PAJl.A.Ll.AX CO!t.EX;T!Oli FOFt THE !rEAN TRUIDIJ;ON HEIGHT OF GU'llS 
AP/:N:', Tfu: '.7J\.Ti:Jll.I:ra - !ieithr,r the renge table nor t he fl.re control equip­
ment include the correction for the mean trunnion height of the g\UlS abov·e 
the waterline, and since this height in some battleships is J2 ft., this 
height should be compensated for and added t o the correction as calcule.tec 
in para,.,.aph 2 . 

7. To illustrate a epecli'fo exsmple e.ssume the aame range of 
19,SOO yda. From pages 24 and 25 of reference (a), Colu:an 19, aey obange 
in ;mpact muat be msde from a horizontal reference plans 10hlch bas the same 
height as the mea.n trunnion height of tbe 6WlS above the waterline. AsSUlil.e 
this height to be 32 rt. Thws if 'it is desired to have the point of impact 
at the waterline the following correction should oo -de-

;g x 100 ·• Approximate~ 34 ;yarda in range must be applied 88 

95 
a down correction. 

s. treical Valu111 - !n the tollorlllg tabl& (!or a -.n 
trwmion height of 32 ft.) the oombinad corrections for •earth currstu.«e" 
and tor •trunnion height• in autaastic !ire are sbo1rn !or saveral gum at 
Tal'iOUl!I rangea • And .f'roa this it is interesting to not <!;· for nuige of 
151000 yda , alld <1'ter1 bow the subject correction tiUlds to remain a pprorl­
aately constant. 
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Ranee 
in yds, 

16"/50 
2700 lb . proj, 

I.V. ,; 2500 f ,s, 

5000 288 yd.a. 
10000 178 
15000 154 
20000 147 
25000 144 
30000 140 
35000 134 
40000 124 

TABLE I 

16"/45 
2700 lb. proj. 

I.V.: 2JOO f .s. 

250 yds, 
149 
129 
122 
118 
111 

99 

cl" /55 cl"/55 
·o-,!_,' lb . ;>roj . 260 lb. proj. 

I.V • • 2500f.a, I.V' . • 2700 f .s. 
, 

250 yds. 2dd yds. 
134 145 
100 100 
dl 79 
69 66 
5l, 53 

9, In practice it would possibly be simpler to add trunnion hei6ht 
to esrth cUITature so as to pe:nnit the cdculation of the combined corrections 
in a single operation. 

10, El"F:i::T OF ROTATI0~ OF THE EARTH - This subject has been pre-
viousll covered by referP.nce {c) and section included in late range ~bles 
gives the value of this correction. 
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\~:CLC·C'" U?2 t A) 

·;URVJ.Tl:PZ O? :::ART'i , ~i:T 

R. ~<h . 0 100 200 ~00 :.oo 500 600 700 800 900 
1000 .2 .3 . ~~ .4 .4 . f. . 5 .6 . 7 .8 
2000 .9 . '.l 1.0 ~ - 1 l .2 . : .3 l.5 1. 6 1 .7 1.8 
3-G:.\O .9 2. 1 . • • t: :· .3 ; • . 5 :;. . ., : .8 Z.9 :; . 1 :: .3 
40CO ~~ - 4 :' . 6 ;; .s 4 . C 4 . 2 <\ .4 " . 6 4 . 8 5.0 5 . 2 
5000 5.4 5 . 6 E.t ., . 1 ,;. 3 5 . 5 5 .8 ? .C 7 . 2 ? .5 
fi':CO 7 .8 6 .0 c . :! : . 5 e.s 9.1 9 .4 9 .7 10 .0 10. 3 
?OCO :o .6 10 .9 , , . ? 11.5 11 .0 12 . 1 , 12 .4 12 .8 P . 1 13 . 4 
6000 13 .8 14 . l 14 . ~ '.4 . 8 15. 2 15 .6 15 .9 16.3 16. 7 l.7 .1 
9000 17 .4 17.8 18 . '.· 18 . 5 19 .0 19.4 19 .9 20.3 :::o .? 21.1 

10000 Zl. 5 ~-...... 22 23 :'3 24 24 25 25 26 
n ·;,oo :6 27 27 28 28 29 29 :JO 30 31 
12000 31 :;2 32 33 3.3 34 34 35 35 36 
13000 36 37 38 38 39 3>' 40 41 41 42 
H CO:'.l !.2 43 4 4 44 45 46 4., 47 47 48 
15000 46 4~ 50 51 51 52 53 53 54 55 
l t:COO 55 55 57 58 58 59 60 61 61 62 
l ?OOC '52 63 64 65 66 66 67 68 69 69 
1800\: 70 ?l 72 73 73 74 75 75 76 77 
19000 7S 73 80 81 61 82 83 84 85 85 
;;oooo es 87 68 8!? 90 91 92 93 94 94 
2HX.O ~5 9C ']7 9& 99 lCO 101 102 103 103 
~2000 104 105 ms 107 108 109 110 111 112 113 
2~000 114 . 15 116 117 ll8 119 120 121 12;, 123 
'.':4000 124 125 ~ 26 127 128 129 131 132 13 :!> 134 
25000 p c v v 136 137 138 139 141 142 14:; 144 145 
260''0 146 147 : 48 149 150 152 153 154 155 156 
<7000 157 159 ~60 :.61 162 163 164 165 :67 i~e 
2Boco 159 171 172 l?S 174 175 177 178 179 180 
29:x>O 181 183 i84 185 186 188 189 190 19:? 193 
:oooo !94 195 : 97 198 200 201 202 203 <05 206 
31000 ?,07 ~09 210 211 213 214 215 ?.17 718 2.19 
c 2(;00 :?.21 222 224 2~5 226 2?.8 ?,29 231 :>:!-2 233 
330CC 2;>5 ?36 ?38 ~39 240 24 2 243 245 246 <.47 
::-140C·O 249 ?.51 25?. ;:-53 255 257 258 259 261 ?.63 
35000 264 265 267 269 270 272 273 275 276 277 
36000 279 281 :'82 ?.84 266 ?67 289 290 292 293 
j.1000 295 297 «98 300 302 303 305 301 308 309 
~;ooo :n1 <13 ;;15 317 318 319 321 323 325 326 
39000 328 :' 29 331 333 335 336 338 340 342 343 
40-000 ~45 
R ,:rda 0 1.00 200 300 400 500 600 700 ·eoo 900 



EXPLANATORY NOTES. 

This table is oalculntecl for a temperature of the atmosphere or 59° F. aud a b:umnotric 
proosuro of 29.53 inchos, the llir being >1'5SU!<te<I t-0 l>e h;alf saturated. 'l'hc JX>"'der ig ""-'uml\<l to 
give nonn•I volocity wlum at 90° fl'. 

lngtllls'~ h1\llisLin Lllhles lu\ve l>ecn nsOO fo1· C'"'\1n.putiug ooluuur.;, 2. :3, 4, :j: U, 8. 10, 11. Rud 
12, "" well us for r,omputing the altitude factor in the b•llisti,c c~·ellicieut. 

Alger'• rornmllL< wore used for computing colunms 7, 13, 14. 15, 16, l7. 18. l9. 
J)e :\l•ne's formula moditicd, as pet reference N•val Gun Factory letter Nu. 1385·h~(I, 

llurcau or Ordnnnce letter No. 311 0.~ (T)2), of December 3, 1916, has been u.00 for the com­
put.ntion of column 9. 

Comput~tior1' wore made for evet·y 500 yards and the colum>lS completed by i11tcrpo!n.t.io1\. 
Columns 1-5, 7, nnd Sneed no explanation . 
Oolumn 6 gives thco tot..t! drift in yards, compu!.ed by Mayevski's formula, mult·iplied hy 1.r,. 
'l'o got r,ha.nge of rauge for variation of ± I 0 F . S . 1. V., m ultiply figures given by t· Tv ge(. 

¢hllJlt{Q of f1tllgO for Vfll'iatiOll of l per CCnt in cJensity of Slil·~ multiply figures givu11 bj' JlO, 'l'ho 
ucmsity of tho ail' i• Msumed to he wiity at ;,g• ~'. and 29.53 inches bal'ometric Jioight.. Tho 
d91l8ity of the i\u· for n11y tcmporntuJ'e and harom"tric hc,ight is given in To b.le 11, Alger'• Ex toriol' 
~nllistics. 'l'o d.ispeuse \vith Alger '• book, following the cxphurntol'y uoka, t here is givm1 a 
'J'able l.l modified. 

Jn t ho to,ble the Silme argumcnts --temperntu1·e in degrees l">'11i-enhdt. 1111<1 boroui.otric 
pl'C!lsuro in inc;hc.s of niel'cut·y - -ue preservc<l, but the densit.ies of air ue replnccd by f tWtOl'S tc1 be 
usud in connO(ition 'vith colu1nn 12. ~fultiplicrs arc given for ench degree of teu1 poratu1·e. n11d 
fo1· eac:h hnromctric height of 28, 29, 30, and ;H inc:hcs. }.'or frnctionsof inch, in t<•·pola.t.ion$ co.n 
l>e iu::.do na~ily at s ight. 

To obtain tho variution in rnuge, take from th() table (multipliers for column 12) the mul­
tiplier cor1·espondi11g to atmospheric conditions ancl from the range tnble the number of yards 
in coluro.n 12 cor1·espoi1d.ing to H10 rnnge, multiply both toget.lrnr, and the product "·ith the .igu 
of the multiplier wiU be the variation in yarcls due to atmospheric coudit.ion•. 

C',olumn 12 11lso represents the effect on th(> rnngeofa. v•rintion of ± 10 per ceut in the hn ll is\i(> 
coeili<:ie.nL, I. \T. 1·e1u1\iniug the s11lne. 

Colun1u l L gives t.he change of riluge fot z variation of ± ·J pounds in \\~eigb.l of p1'Uje(;tileJ 
the chM'gc rel\\1)ining the s1tme. For n variation of 1 pound, multiply figures in <.<>lumn I J 1,y i · 

In columns l :l- 18 n wind of 24 kuots makes twice the effee~ tnbulate<l. 
Colwwi 1 Q sho\\':t ho\\' rnuch the point of impact is raised or lowered O>l n. \~~,l'ti<:ul strocn 

by rnis i.ng or loworiug the sight hnr 100 yards, the actual rauge remaining fixc1\ 
'\'ho chnnge in range due lo a variation of ±I' in t.he angle ot dcparturt mny be deduced 

directly from the table. , 
For o voriMion of ± 10° F. in tcmpernture of powder, there is caused corr03pooding 

c\rnogo in the init.iol velocity of ± 20 feet p<>r second opproxim•tely. 
1'64"1-1:-1 (1} 
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103 
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J09 
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RA:-IGE 'l'A.&(iE FOR 8·T1'CH GU:-!. 

ir,;yht qj 71mjrtti/; firr u•hirh this tobl< f$ caleu/nJtd, 280 p<1u11tl.•. Initial wlociJy, 2,100 fi><>t · 
.<uqnd•. Oo~fiiricnt nfjorm ~ .61. 

-- -, . -- -, - r -, - -, - , .- r-
1 Auele or neps.r. I I I •.··· -•·· I I v.~rr 
hare-~ llf '- • A~ fall Tun. M .-..vo .. - !).l: ~ 'i>.r I )Uldtmun lt<'lcl(of>. ~ioc pW-.; · rl(;co.,.. D1':'.ll:t. ,.ri<kilf. •1"'- t.:tavt~ (lf.)lnltf'. 

j Jfl.1np. roct 111'-b• I 

_._Ii_-·- . .-· l- ·· _. _,_, . 
Y•Mr. "' S.tcorW1. j 1'0f>t·~ttU1, l~f:r-41. I Yqr.t~. I J'ut, 

1:1, 000 H 22. r. 21 4~ I 27. 6S i I, la2 I 160. ~ I 17 3, 115 

14, 100 114 :'I.~. 0 j 22 02 27. 97 I, 131 I JM. 9 I Ii I 3. 2H 

1a,2oo l u 43. 6 1 ~2 19 28. 26 1, 12ll l 1s7. 6 ' 17 1 3,284 ! 

.13, 300 / 14 54. 2 ; 22 36 28. 511 1, 128 I 161. :J I 16 I :j, :~M 
1:1, 400 11" 04. 8 i 22 53 28. 86 1. 126 J G~. l 16 3, 427 I 
13, i;oo 1!\ 15. 51 2a 11 29. 1G I 1, i2~ m s . g 16 1 3, 1>00 ! 

13, 600 15 26.3 , 23 28 29. 46 1 1, 123 172. 8 ! 5 1 3,~74 1 
13, 700 15 37. 2 I 28 46 20. 76 I I , 122 176. 7 I 15 ! 3, 649 I 
13, 800 i 15 48. 2 1 24 03 30. 06 ! I, 120 I 180. i I 15 I 3, 72.S : 

13, 900 115 .59. 2 24 21 I 30. 36 I l , 1111 184. 7 I JS 3, 802 ' 

14, 000 1 16 10. 3 : 21 38 30. 66 1 l, 118 ! 188. s I 15 I 3, 879 I 
14, 100 ! 16 21. G 124 55 30. 07 l , 117 192. 9 14 : 3, 958 ! 
14, 200 I 16 32. 1 25 13 31. 21 1, 116 . 197. 1 u 4, 03s I 
14,300 16 H .0 12;; :ll :11.58 l, ll v J 20t.3 11 1 1, 119 j 

14, 400 I 16 !);). a J 2s 49 31. SS 1, 114 \ 205. 6 14 ! 4, 202 I 

H,soo_! 1~-0~.1 j 2~7 _I a2. 10 ~·~14 ~10~ '-- 1~ 1 :286.
1 

• 
Tndlu. 

2. 8 1 

2. 71 
2. 7 

2. 1) 
2. 71 
2. 7 

2. 7 

2. 7 ; 

2. 1 I 
2. 7 

Y111dt. I 

378 : 

3so I 
382 I 
38<l l 
~!86 ' 

387 

389 

391 I 
393 1 
395 

397 r 

399 1 
401 

2. 7 102 

2. 1 I 404 j 

_z._1 I _·IO~j 
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}{.,\.N'(;E T ABLE FOR S·INCli ('!°UN . 

ll~iglit of 111•)ject•ik .fo· wldch t/i!io f.a.bl~ ·fa calculaleil, fl60 1>ou-nd.•. ln·iiial i·dociiy, !2,100 joot­
tf.<'&nds. Oo~fliciem offol'm,= .61 . 

Ch.:m;,•ui 
r.!ll.~ fot 

\·iuiaH\lu u r 
l r. vvu:·1o.1:< 
ia~ie'l tlVf 
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1---- -
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?.I) 
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19 
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::1, 
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14 

(;(l~(:d 
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470 
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4.9Q 
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505 I 
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540 \ 

... -,1------·--- ---j ·- ·- - "T Dtwb.;lQQ l)c.1.t:m1 I -
<'h11.:1;<1 of Cl1.1!~ Of c.:oo.~·.: or l~\·l:\,1km I fo>1 lttt('?'J.I :.t•r l~ttrn-1 Cli..Ui:.c- U! 
i:.ii:.::•: for ! raur.~ fi>i f!'IUU '°r f.:>r ht('r;d mcot il)l'1 e>i iru>tmn <•f bet.t:l1t ur 

wiud oom J lO.Vti¢h-Of flt<l< irAt o! 1 p;n per. l'lr':'.I,:. JI«'· unpewt. !vr 

p :11'.lc -Of l'.ir;i • ..-i il1e<.1f 12 p1$M° Qf th" l"m~n~o( l2 t11 line''' fir~. ,1.u ~II'"' 1'>J fi n ,, I ± 100 )'3rd'. 
1'~ t:? kllvU. I knt1t~. nf 12 l>•l(lt::.. knoi.~ :qi«d ,I( It · ~~ <>( 1" io ~~tit '10.1 

\
i<onc:llt in ~un in pho,• t;)nret w wtnd t"ttnt· I r;f)ndteul3r 1 111·udi1 uLir I \'3rt.~ l i0!'.l u• 
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01 
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92 
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·~ 
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lS, I 
I (JI I 
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203 

205 

207 

209 

21 J 

213 

21 5 

217 

'" 

no 

61 

62 

62 

64 

65 

66 

67 i 
68 

69 

70 

71 

---1·---"-·-
1·'urdl<. 

130 

l3 r I 
132 1 

mo I 
134 1 
J :i.s I 
13(1 

1;37 

139 
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14 1 

142 

113 

144 

145 

146 

187 

IS(J I 
. I 
l91 i 

: :: II 
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199 1 
201 I 
2()3 

205 

207 

209 

21 l 

213 
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Fut. 

J20 
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129 
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13:3 
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136 
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HD 
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115 

J47 
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'RANGE '!'ABLE .JfOR. S•lN CH OUN. 

Weight Qf praitaik for whirJ. tliis labk is calqilaud, 260 pow1d$. Initial vdodty, z,100 f oot­
seconds . Ooejficlhnt offr11w1~ .61. 

, - - - 1- ··-,-

' •oi'•""'"""'. I I 

-, -· 
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·- . i--- ~;;~ J =~~ I 
Drm~"' , h:°IC'denfJll 111n.,&e !o~ 

I 
sr.<"l!\t lf)t. I }ftlJ(l:mu1.11 ,. fl;<rnQr '-'-Jt l1 \'lHinti.:Oll or 

" tar~~t 21) <0rdin.t1to. ~.$l1>P.Od )}f0 · ! ,;, 00 root.-

I 
rret 11ith. j~~}t~oo:-. CC\IU<}.$in.ltl')I 

1 tt1~-1\l~te or I \ ·~ r 1 11 T!.(l.Wo or 
ek'. fl1~11 r>ln~ ' I\:: '1 0 tl j llllht. 

jllltl)), i """· 
rec~ SOr vclOOiL)'. • I 1, s.-,g,le &! L.!I. ; . . ., 1 .

1

. , 1 , 1 •• ; ... 

1;,~~o j-1-.1- -06-_._-, ' ;. ~ I ~.}::;.- ' ~;;-; - -y.,-;~-, ;,-:;_---j "';'., '7,. 1 
!4, 600 ) 11 1s. 1 ' 25 ul 3-.i.so 1 1, 113 214. 4 1 ~ · 1, a11 ) :>.. 1 '. .10s 

14, 700 I 17 29. 6 1211 12 1 32. 82 i I, 113 218. 9 i IS l 4, 457 : 2. 7 I 
11, soo / 11 -11. 2121 oo , aa. 13 1, ua 223. s ' 13 

1 
1, su j 2. 7 I 

14, ooo 1 17 r,2. 9 1 21 1s ! 33. 45 I 1, 112 22s. 2 ; 1a • 4, 633 ! 2. 71 
15, 000 j 18 04. 7 j 27 36 j 33. 76 1, Jl'.! 233. 0 ! 13 1, 723 I ~ .. 7 I 

, I 

J5, 100 i 18 

i.s, 200 / 1s 

15, 300 18 

J5, 400 j 1s 

15, ;)00 19 

16. 5 
1 

27 54 1; ~4. Oi \ 

28.4 1' 28 12 34.39 1 

l, 112 

I, 112 

237. 91 
242.9 

10. 3 , 28 ao 34. 11 I 
i 

s2. s 12s 48 I as. os , 
l, 111 I 248. o 

I 

I , JI 1 I 253. I ! 

I 
O~. 4 • 29 06 I 35. :J~ i 1, 111 1 258. 2 i 

i 
15, 600 1 19 16. 512\) 
15, iOO j' 19 28. 7 I 29 

15, 800 I 19 10. 9130 
15, ooo 

1

1 19 53. 2 \ ao 1s ! 

16,000_2_10_o_;'_~ ~/ 3_o_a_1 I 

i 
3o. 67 ' I, Ill I 26a. (i 

I I l 
s6. oo j 1, 111 i 209. o l 

:~6. 33 1, 111 I 214. 6 

36. 66 \ 1, J 11 ! 280. a , 

36. 99 I 1, 11 1 I 286. 2 I 
! 

18 

12 / 
I 

12 \ 

12 ! 
12 

I 

12 1 
12 1 
12 

' 
JI 

u I 

4, $14 . 

4,906 1 

s, ooo I 
51095 

5, 19) I 
5, 288 1 
5, 387 i 

(>, 487 1 
5, 5$8 ' 

.'), 691 

' 
2. 7 I 
z. 7 

2. 7 ! 
' 2. 7 ! 

2. 7 . 

i 
2. 7 ! 

2. 7 I 

2. 1 I 
2. 7 

11 () 

411 

·113 

4ir. j 

420 

422 [ 

121 

426 l 
128 

·l29 I 

' 431 ' 

·!3a ___ , 
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RANGE TABLE FOR 8 °1NCH c~u~. 

llCight 1Jf prvj<d<1" f.,,. wkid1 lhi4 tabU i. oaktdaud, 260 poumh. 
u-d8. CJ-Oeffit:ient of ftJrm- .81. 

11litwl wlocity, fl,100 foot-

- - ----- --
OtvintWn O.:vb LJou 

(:Mntt~•t <:tw•v ur Cb.Ul);i! O{ Clll.li.tt10r Cl'J:WI* Of Vi!i\~~lOTt 
r~rlah•rill l<irbt.:l'l\.I Ch.au~•li• 

\11,~::fi~n,~f v:~i~i:::rt•( nut:::i! fvt 1"1.1.nKt f'3r l~{<)?' 
IO!bitf'tl.1 

r11-11th.m 111 mouooor ti1::i:t,lor 
wi!'ld OOW.· rnoUottor mo.lion vr I 1~~:li~~br tatti!i~r· 

:I: $ (Ul0Hd.• i~j~.o:; ~· ?~ ~ueotin f.\lll ll'l l)lt,i;.., i..1.rr.~tin 
w1n<1 ocitr:. 

!'*lldicuJll! \~~.!~o~f 
i:11 w1'l$lll (•I 1i ~oture · .;ir nroor 12 11bo~of l\ro pontnc or 1t I lo liri.1 M titoi . 10 line of ilro, :I: !()') ~·,,l .. l ~ 

1m1}1.ii1llk1, 1w r •)i!O\.. ur 12 kt10I$. ' k 1W(<1, (If 12 1\hOk~ 
knot.<;, 

'li6•d Of 12 ~1>eoed or 12 in st,111 l•:ir. 
\:nMs.. kru>I$. 

II " " " ,. •• " is .. 
y- y- ,..,,., 

"""" l"cft.J. 1"•1'1. 

·-j" 
Y-. I l'adL ""'· 

14 540 124 93 217 71 146 I 217 147 

11 ~46 . 1~6 v:J I 21(1 72 147 ~ l !l M!I 
I 

221 I ·~ 550 ! 128 I \)'1 n 148 1 221 151 

13 5541 120 94 74 150 224 1{)3 224 : 

l :; I 
131 !)J'i 226 75 1 &1 226 155 i;~9 I 

12 564 13~ tJO 228 76 152 '.l.28 1A7 

I~ j69 135 o ... I 2so 1 77 153 230 159 

574 i 136 1 12 96 2:;2 7S 154 1 232 161 

1) 578 I 1:is 1)6 235 79 1.5G 235 I 103 

11 i 583 139 117 237 RO 157 1 237 i 165 
I 

10 ;)$$ Ml 97 23 9 1 81 lf>8 239 1 167 

10 593 143 97 241 82 159 241 1611 
I 

10 597 145 98 243 83 160 243 171 

U02 I I 

9 146 I 98 246 84 102 246 174 

1) 606 1481 119 248 8~ 163 24S 170 
I 

~ Gll mo 90 250 l 85 104 L 250 178 

0 
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