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FOREWORD 

IMPORTANT 

It is the opinion of authorities on both anti-submarine and submarine war
fare that the sinuous courses steered by means of the Variable Course Clock 
cams offers far greater protection from submarine or air torpedo attack than 
any straight line zig-zag courses available in any Navy or commercial publica
tions. The distance made good is also greater than that made good by use of 
most zig-zag plans. At no time during s.teering by the Course Clock is the ves
sel proceeding on a straight course, thereby maklng it extremely difficult, and 
even Impossible, to accurately predict the vessel's1posltion in order to compute 
a torpedo firing bearing. 

In convoy, the sinuous courses produced by the use of the variable course 
cams has extreme advantage over the straight line zig-zag courses obtained by 
the use of the adjustable time interval disc in conjunction with a predetermined 
zig-zag plan for the following reason: Since all Course Clocks on all ships in 
the convoy are synchronized, all movable pointers will be moving in the same 
direction at all times. Regardless of whether any one vessel has temporarily 
ceased steering by the movable pointer In order to correct for drift and the ef
fects of seaway, upon assuming correct position In the convoy and resuming 
steering by the movable pointer the vessel is bound to be steered In the direc
tion all other vessels are steering for the movable pointer direction has not 
failed to remain synchronized with the pointer direction of all other Variable 
Course Clocks In the convoy. This fact eliminates any possibility of a left turn 
being made when a right turn should have been made as a result of manual error 
that ~ occur when using a zig-zag plan. 
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VARIABLE COURSE CLOCK 
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The Variable Course Clock is a self-contained auxiliary instrument to be 
mounted on an ARMA MARK 6, a SPERRY MARK 15, or a SPERRY MARK 24 
repeater. Its purpose is to enable the helmsman to steer a predetermined con
stantly curving track along a base course as a means of protection from sub
marine or air torpedo attack. 

The clock is equipped with the following accessories: 

Four variable course cams for steering continual curved tracks. 
These cams are numbered No.. 20, 21, 22, and 23. Each 
cam is complete with a full complement of signal pins. 

One adjustable time interval disc for conventional zig-zag courses. 

Twenty-five signal pins for the time interval disc and for spares. 

Two cam curve charts for each variable course cam. 

One clock-winding key. 

Three No. 1 bezel-ring spacers for use with SPERRY MARK 15 
repeater. 

Three No. 2 bezel-ring spacers for use with SPERRY MARK 24 
repeater. 

Two clamp-plates for use with ARMA MARK 6 and SPERRY MARK 
24 repeaters. 

Eight spare filister head screws and eight spacer-washers 
in cotton bag. (For accessories see Fig . 4) . 

INSTALLATION ON ARMA MARK~ OR SPERRY MARK~ 

STEERING REPEATER 

1. Secure the two clamp plates to the repeater case, one each at 90° and 270° 
with respect to the repeater lubber line. This may be accomplished by re
moving the nuts from the bolts Jhat hold the repeater bezel ring to the re
peater case at the 90° and 270 positions, fit the clamp-plates over the 
bolts, using the appropriate spaced holes in the clamp-plates (see Fig. 4), 
and secure the plates to the repeater case at these positiOns by means of 
the nuts that were originally removed. Should the clamp-plates not seat 
properly due to insufficient seating surface on the repeater case, sets of 
spacer-washers and longer repeater bezel screws are provided for this con
tingency. (See Fig . 4). These screws and spacer-washers are furnished in 
a small cotton bag as accessories in the Course Clock carrying case. 

2. Mount the ·Course Clock on the repeater. For proper mounting on a SPERRY 
MK 24 it is recessary to secure the three radial space.rs, marked No. 2, to 

, the inside o the Course Clock ring by means of the screws and locating 
holes provided in the Course Clock ring. {When mounting the Course Clock 
on an ARMA MK 6 repeater, radial spacers are not necessary since the 
diameter of the repeater bezel suits the diameter of the Course Clock ring.) 
Remove the machined-end screws from the clock ring brackets. (These 
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screws are for use with the SPERRY MK 15 repeater.) Loosen the screws 
clamping the side brackets to the Course Clock ring, and after snugly seat
ing the Course Clock on the repeater, fasten the brackets to the clamp
plates on the repeater bezel by means of the screws provided. 

3. stop the clock with second hand at "60" bJ turnin$ "STOP-START" knob, 
located on side of clock case between "5 and "6 . on clock dial. Set minute 
hand at "12" by means of hand-set knob, located on side of clock case at 
"4" on clock dial. (See Fig. 1). 

4. Install the desired variable course cam by backing off the two knurled head 
thumb screws on ca,m shaft on back of clock ·and pbce cam on shaft at the 
same time holding cam follower roller away from cam, and turn until cam 
sets down on locating pin. Tighten clamp thumb screws. The follower roll
er when r~eased, should now rest at exactly the "0" point marked on the 
cam and the pointer should point exactly in line with "6" and ''12" on the 
clock dial. (See Fig. 2). 

5. Close the clock down on the clock ring and secure by means of the two clamp 
thumb screws provided. IMPORTANT: Adjust the clock rt!!g ~the repeat
~ un!.i! the pointer !§ ~ QTitr the. reoeater lubber line when llie cam 
roller !§ !tl the~ zero position. Provision is made for the radial adjust
ment of the Course Clock by means of elongated slots for the screws that. 
secure the brackets to the clock ring. (When installing the Course Clock on 
a SPERRY MK 24 or an ARMA MK 6 repeater additional radial movement 
is provided by the elongated slots for the screws securing the brackets to 
the clamp-plates.) 

6. When the pointer has been adjusted exactly over the repeater lubber-line and 
the clock ring is snugly fitted down on the repeater, tighten the clock ring 
bracket screws and the screws clamping the clamp-plates to the brackets. 

7. Wind fully both clock spring barrels. 

8. Set the clock on the correct time and start the clock by turning the "STOP
START• knob. 
The Course Clock is now ready for use. 

INSTALLATION ON SPERRY MK 15 REPEATER 

1. 1'4ount the Course Clock on the repeater. For proper mounting on a SPERRY 
MK 15 repeater 1t is necessary to secure the three radial spacers, marked 
No. 1, to the inside of the Course Clock ring by means of the screws and lo
eating holes provided in the Course Clock ring. (See Fig. 3). Loosen the 
screws securing the clock ring brackets to the clock ring and enter the ma
chinep-end ssrews of the clock ring brackets in the repeater case holes 
located at 90 and 270° with respect to the repeater lubber-line. 

2. Proceed with installation in accordance with sub-paragraphs 3, 4 and 5 above . 

3. When the pointer has been adjusted exactly over the repeater lubber-line, and 
the clock ring is snugly fitted down on the repeater, tighten the clock ring 
bracket screws and tighten the machined-end screws entered in the holes in 
the repeater case. 

4. Wind fully both clock spring barrels. 

5. Set the clock on, the correct time and start the clock by turning the "STOP
ST.ART• knob. 

The Course Clock is now ready for use. 
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REPEATER LUBBER LINE MAGNIFYING READER 

The SPERRY MK 15 repeater Is equipped with a magnifying reader at
tached to the repeater bezel by means of thumb screws. This reader, when 
removed in order to mount the Course Clock, may be attached to the Course 
Clock be1.el ring by means of the thumb screws and threaded holes provided 
in the clock bezel ring for this purpose. (See Fig. 1) . The magnifying reader 
will serve the same purpose as heretofore and will be turned on its mount 
away from the steersman's line of vision while steering by means of the mov
ing pointer. 

REPEATER COURSE INDICATING DEVICE 

Some models of the SPERRY MK 15 repeater contain a course indicating 
pointer with a resetting knob that protrudes through tbe center of the repeater 
glass. This knob will prevent mounting of the Variable Course Clock unless 
It is removed. It is recommended that SPERRY service personnel be required 
to remove the hand setting device and replace the re~eater glass. 

THE CLOCK 

The clock consists of an eight-day double spring barreled movement and 
is geared to rotate the cam spindle once in one hour. Each clock, before issue, 
has been adjusted to keep accurate time within a very small + or - deviation. 
The cam spindle with its cam locating pin has been accurately oriented In order 
that the cam follower roller rests on the zero mark on each cam with the min
ute hand of the clock at exactly twelve on the clock dial. 

WARNING: NEVER TURN THE CAM BY HAND AGAINST THE CLOCK MOVE
MENT. Always turn the cam by means of the hand setting knob provided on the 
side of the clock case. 

VARIABLE CQllRSE CAMS 

Variable course cams are numbered beginning with "CAM No. 20 " (CAM 
No. 20A with the audible signal pins) and continuing "CAM No. 21", "CAM No. 
22", and "CAM No. 23", all cams having audible Signal pins. The first di!;iitJ 
(2), represents the MARK number of the cam, the second digit, "0", "1", 2 
or "3" represents the MODIFICATION number of the cam. As the modification 
number of the cam increases, -the corresponding oam has been designed to pro
duce a more sinuous track calculated for use in more dangerous waters. The 
serial number of the particular cam appears under the cam number and this 
number only serves to keep account of each cam for security reasons. All cams 
marked "CAM No. 20" ~wttlrout stgnalgins) and "CAM No. 20A" (with signal 
pins) are identical. All cams marked CAM Mo. 21" are identical and so on 
regardless of the serial number . 

All cams are for use on Seth Thomas Course Clocks MARK 2 MOD 0 se
rial numbers beginning with 20,001 and Seth Thomas Course Clocks MARK 2 
MOD 1 serial numbers beginning with 20,501. 

TIME INTERVAL ATTACHMENT 

In the event the use of a conventional zig-zag course is chosen, the ad
justable time interval disc is furnished for this purpose. This disc is attached 
to the cam shaft in the same manner as the variable course cams. (See Fig. 3). 
Starting at the zero point on the time interval disc, screw-pin stops, (provided 
in a block attached to the inside of the carrying case), may be positioned for any 
sequence of intervals in steps of one (1} minute. As each interval passes, the 
stop pins trip a rocker arm which strikes a bell, thus providing an audible sig
nal indicating the next change in course is due. The c;lock ring Is provided with 
two screw plug stoppers which may be removed if a louder bell signal is desir
ed. (See Fig. 3). 
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OPQATlON 

In operatl011 the bei.Jaaman aboaJd dlareearcl the repeater lubber l1De aad 
steer bJ the movmc clocS poblter' --me tie ship 80 that thi deslpatecl ..... 
course appears 011 the repeater card .U.CUy below the poblter at aU tim•. 

The ftl'lable course cams haft 1teea IIWlufactured aud acliuatecl in cOII
jliDCtlOII with dead reclt0111DC equipmei·.BO that, eliCludlnc the effects of drift, 
~. IUid IIWlual error occurriDC durlllg steerlnc, the vessel wi.U return 
to baae course after each complete cycle of the cam. Tbe hel.msiiWl should 
follow hla course by the movlnc lubber-line (pointer) as closely as possible in 
order to reduce the IIWlual error to a minlmum. An upper fJ.ncer 011 the point
er Ia provlcled to reduce parallax error. To warn the steersiiWl of a cllance 
of poblter travel direction in order that he may be prepared to check the BWine 
of the ship in preparation ior a reversal of direction of the helm, each varlable 
course cam Ia provided with removable screw~plns so located ln the cam that 
aa the cam rotates the pins cause a strllr.er to be tripped that strllr.es a bell 
thus provldine an audible signal. (Should local conditions be such that difficulty 
Is experienced in hearing the warning bell, two screw stoppers are provided in 
the clock bezel that may be removed to allow greater emission of sound volume 
from the bell.) These signal pins are placed so that the warning signal occurs 
30 :!:. 15 seconds ~ each reversal of direction of the moving polnter. -

It Ia realized that steerlllg by the movable lubber-llne (pointer) and to 
disregard the fixed lubber-line, Is a departure from usual procedure and some
what difficult even for a steersman of some years experience, and more diffi
cult for a steersman of comparatively liWe experience. Only perseverance, 
practice and a realization of the considerable increased safety for the ship, as 
a result of the use of this device, will bring about the accuracy of steering de
sired. When steering normally, that Is by the fixed lubber-llne, the steersiiWl 
often alternately watches the bow of the vessel and the course by the .repeater 
with reference to the fixed lubber-llne. Wilen so steerlllg, the steersiiWl turns 
the wheel to brlllg the fixed lubber line onto the base course and the bow re
sponds logically to the turn of the steering wheel. steering by the movable 
lubber-line Involves a different procedure. As the movable polnter falls off 
to the Al!fi, the steersman tUI'IUI the wheel to the right in order to keep the base 
course on the movable pointer, and as the pointer moves to the rig~ the steers
IIWl turns the wheel tothe .1.1(! in order to keep the base course on e pointer. 
In other worda, lnstead of briDging the ship (the fixed lubber-line) around to the 
base course as the steeramaa does when steerillg c011ventionally, he now must, 
when steeriDC bJ the movable pointer, keep the base course oa the polnter by 
brmciDC the ship arOUDd to the tlU1 as the pointer turns to the .ldlaud vice 
versa. UntU the steersiiWl has become thoroughly accustomedtolbls new 
method of steerlnc, any attempt on his part to occasionally watch the bow of the 
vessel will produce a detrimental psycholoclcal effect that should be avoided. 
It ls recOIIliD88ded that when steering by the movable pointer the steersiiWl be 
ln8tructed to coacentrste hls undivided attention upoa the poblter .aif, ud aot 
!:JIII.Idlr it U 111!1111· By this meau lt la poulble to easUy ud acclirilir,
steer the sin_. cour- obtalaed by use al tile cams. 

It Ia DCJt recOIIUile~ that the fiDd lubber-liM be ollecured 11va. aper
atloa of the ftl'iable course cams because lt la illteBded that It Ita poulbae to 
re~ steer lac bJ the fixed lubber-llne at a elva slpal. If steer lac ltJ the 
lilted lullber-liDe la resumed on any even hour, the vessel sbould tlteD Ita 
~11 011 lt.l llue cour88 providing steeriDC by the movUle polater llu 
bee accurate, speed ,llaa remalaed c011atant, and drift lllld wldp llave Mt 
msterlallJ effected t1ae -l'a course. 8llould steeriDC by t1te f&.d 1......,
llne be r-.1 dur~ cycle of tbe variable course C!!'-J~Ioaof the 
time and refereace appllcUle cam chart (see DETr.;tuW'IA TIOif 01' 
SHIP'S POSITION) •W llldlcate wltetlaer the ve ... l is to left or rlcbt of bue 
tract aud apprcm..te}J bow far. Reaert to _._1 methods of aaYiptlOII 
ww ,.rte to brinl tile n-1 bact oato bue coarse. 

7 



• .. ~l!!!!!!!!!!!!!!l.;ll;.~Ja,c llo 1 SI'ACII 

SIGIW. PillS - ----

DISC 

2 SPACBIIS 

FIGURE 4 

8 

UITiliCftD 

IIIPCKI'M! ~......, • .,.. 

ll Ia ncom· 1 1 u.t·- flltlle Y&rlllble _.. ca.. be lllarted oa tile 
IMNr ,_.._tile "0• _, M cllecUd to ftrlfJ u.t tile pollar eoillcldea wltll 
tile llll*er-UIIe flltlle repeater,.._ u... clock Ia oa tile aact IMMar. nta Ia 
upeclllllJ .................. tlae Variable Coar.- Clack be ued Ia COD"f. 

DBTBilllllUTDf 2f111IP'8 POSlTIOif 
To 11etena1ae nlatbe alalp's po111tklll wltll n.pect to bue tract I& lllf 

U.. ._ ~ l!tl!!l Ulf IHllllll CSIIUI 11..-lldlalll proceed u follows: 

(1) Deteraa. tile a~ ... sbiD'• .,..cl to the aarest bot cluriDK ~ra
tlca fll the cam. (lfOTE: OariDC this perlOd, aay cbaace In slilp a 
speed or aYerap speed wW effect the ship's actual cuned track, aad 
tile chart cune wUl not coaform. The following method of determlniD& 
dlataace made good, or dlstaace oft base track, wW therefore no longer 
apply.) ' 

(2) Mote time oa Course Clock. 

(3) Opposite eorreapoad1Dg time oa cbart, step oft with dlYiders, (a) cfls
bulce .ade goocl aloag base track and, (b) dlabulce to left or rlcht off 
llue track. 

(4) lllter,Pl'et dlataacea with dlYiders oa cbart scale correapoodiDc to the 
alalp a aYenp speed. · 

l'or a detailed dncrlptiGa fll the" aboYe operatklll see •EXAIIPLB OP THE USB 
01' TBE CHART.• . 

£!!! £1!!!1 CIIAR'IJ 

Two clapllcate c:lll.lU are f111'1llallell with each cam ahowiDc the cam track 
with respect to the lltrailllt track or bue course. Each chart shows the ainu
OWl track dlYidecllnto time Intervals of one (1) minute, and scales, In mllsa and 
teDtluJ of a mUe ue ~ldecl for ~ speeds of six (6) to thlrty (30) knots 
lD lDcremeats 01 oae (1) bot. FroDilJieSe charts the ship's .relatln position 
with respect to the bue track or base course may be determlaed. Tile dts
taDce _.. good, clurlqg the period of time the Yeuel has beell llte4!red ~ the 
clock polater, may ai80 be determined. (See DETERMINA 'nON OF SHIP 8 
P08I'l'IOif .) 

Ia order to proYide a clear understand1Dg of the proper Wl8 of the cam 
charts, aa aplaaatklll of the theory upon which construction of the charts Is 
baaed, together with a description of the method employed In their mak1Dg, 
follows. 

ABIAune that two Yessels , one travell1Dg at a constaat speed of thirty knots 
aDd tile oCher at six bats, commence steer1Dg by Identical cams, both starting 
wUb tile clocks OR the hour and therefore the cams on zero. Pravlded both 
-.-Ia lllllllala cOIUIIaat speed and both steer accurately by the cam, both Yes
sela wW steer euelJrJ:: same sinuous course with the exceptloa that the 
thlrtJ bot -•·• ce made good and distance oft base track will be flYe 
l'- aat of tile abl: bot Yessel at any given time dur1Dg18~cle ol the cams. 
'Tilla ·Jad tor.. ~ bala for COIIIItructloa of the charts with each cam. 

'l'o Gllla1a aa accwnte ...ter chart ol the ata.oas coarse produced by use 
Gl tile c:aa, tile foiiDwtC ...u.od Ia emploJed 1a the Laboratory. The Variable 
Coane Clock Ia ___, oa a uro c:ompaaa repeater aDd tile putlcalar ...ter 
c:aa Ia ta.lalled OR tile clock. The IDOftiUIIt al the repeater card Ia accvately 
CCIIIUoUIIcl ..,. - fll a ....U, operated IIJIICIIro tranaaltter so that a pre
deteralaed flue coane Ia ahraJ& Indicated ~ btlller 11ae wllk:h Ia the 
_.. poWer ol the Coane Clock. A Dead big Tracer Bqa~p~Dnt, 
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supplied with a constant speed Input, Is connected to the same synchro trans
mitter and is used to plot the sinuous track produced by following the Course 
Clock pointer exactly as the steersman of a vessel will do. Each master cam 
Is rotated through one cycle by the Course Clock which covers a period of 
exactly one hour . If necessary, the periphery of the master cam is adjusted In 
order that the sinuous track produced will return to base track after each cycle. 
From this master cam, all production cams for issue are produced. 

The curve chart for a particular cam, two copies of which a lie furnished 
with each cam, is explained as follows: The line representing the base track 
or base course (straight solid line beginning at "0" or "START") on the chart 
Is extended to a point past the sinuous course finish ~n;arked "CAM COURSE 
FINISH") to a point marked "BASE COURSE FINISH. This point represents 
the total d istance of the vessel's sinuous track were it straightened out to a 
straight line . ...This means that the distance between the point marked "START" 
and the point marked "BASE COURSE FINISH'i along the base track, is the same 
as the distance from the point marked "START," along the sinuous track, to the 
point marked "CAM COURSE F INISH. • Theoretically this is true, discounting 
the manual error resulting from Inaccurate steering by the pointer windage and 
drift, and slippage due to turning. The error due to slippage should be minor If 
the smooth curves obtainable are followed as closely as possible through accu
rate steering by the pointer. The point marked "BASE COURSE FINISH" is the 
theoretical distance made good had the vessel travelled on a straight course for 
one hour. The point marked "CAM COURSE FINISH" is the distance made good 
In one hour as a result of steering by t)W cam for one cycle. The difference 
between these two points on the base track Is the theoretical loss, In distance 
made good, as a result of steering by the particular cam. The sinuous track Is 
subdivided into sixty equal parts thus providing a visual means of determining 
the location of the vessel, either to left or right of base track, at any time dur
Ing the sixty minute cycle of the cam. By noting the time on the clock and pro
jecting the ·applicable point on the sinuous track down or up, as the case may be, 
onto the base track, this distance from the base track Is the distance the vessel 
Is to left or right off base track!! that particular time. This same point on the 
sinuous course when projected to tlieliise track, Wilrgive the distance made 
good from the beginning of the last hour (the present cycle of the cam) to~ 
particular time referenced. In order to Interpret these distances In terms of 
miles, a series of distance scales are produced below the sinuous course chart 
and calibrated In miles and tenths of miles applicable to different speeds from 
six knots to thirty knots In increments of one knot. 

EXAMPLE OF THE USE OF THE CHART 

As an example of the use of the chart, assume a vessel has travelled for 
thirty-five minutes at a constant spe'if of fifteen knots and has steered accu
rately _!!Y the Coupi)C1ock polriter. y means of dividers, steporrtlle d1stance 
on the chaJ;t appl ca le to the cam In use, between the point marked thirty-five 
minutes on the sinuous track and the point opposite on the base track. This 
represents the distance to left or right (determined from the chart by visual 
means) off base track after steering according to the Course Clock pointer for 
thirty-five minutes. App~ this distance with the dividers to the fifteen knot 
scale on the chart and read directly the distance In miles and tenths of a mile 
off base track. Similarly with dividers step off the distance from the same 
point on base track to the point marked "START" on the chart and read directly 
the distance made good i1Qng ba·se course In miles and tenths on the fifteen 
knot distance scale below the slnuoiiSCOurse chart. lll.i§ value Is the distance 
.!!WUl &Q24 .2!llJ !IJ!r..!!!g that 1!!!:! .2! the prebent cycle 91 the cam if Wlilch time 
!!v the clock was taken.Hthe vessei"his een proc·eedlng bYthe cam for more 
than one hour -:tliecn&rance made good for each consecutive cycle of the cam 
must be add;;J In order to determine the total distance made good along base 
course from the time .steer lng by the Course Clock pointer was assumed. The 
distance made good for one cam cycle by the vessel travelling• at a constant 
speed of fifteen knots, Is obtained by stepping off with dividers, as before, the 
distance along base track between the points marked "START• and "CAM 
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COURSE FINISH" and applying this distance with the dividers to the fifteen knot 
scale on the chart. Multiply the distance obtained in miles and tenths, by the 
number of consecutive hours the vessel has been steered by the Course Clock 
pointer and add this value to the distance made good during the elapsed period 
of the present cam cycle as previously determined. The total obtained is the 
distance made good since steering by the Clock pointer was assumed. It will 
be found that normally this will result in a dead reckoning position as accurate 
as that obtained usmg ship's speed R.P.M. curves and straight courses. 

CONCLUSION 

In conclusion it is emphasized that the charts have been deve loped under 
ideal laboratory conditions; therefore, too great a deviance from a constant 
speed, failure of the helmsman to closely follow the Course Clock pointer, and 
the effects of windage and drift, all combined, tend to detract from the accuracy 
of the distance values obtained by use of the charts. Experience in the use of 
the chart under varying seagoing conditions, and frequent checking against ce
lestial observations, will in time give an indication as to the limits wherein 
tolerable accuracy may be assumed. Wherever practicable, the ship 's actual 
track should be plotted by Dead Reckoning Tracer to check the results obtained 
from the cam charts. 
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20 21 22 23 24 25 26 27 28 29 30 

KNOTS 

c ~ · 9H "4._ _I)., 

DO NOT FOLD 

0 

2 
3 

5 
6 

7 

9 
0 



NAVSHIPS (634) 
CURVE CHART 

FOR 

CONFIDENTIAL ·CAM N°22 BUREAU OF SHIPS 

NAVY DEPT. WASH. D.C. 
FOR USE WITH VARIABLE COURSE CLOCKS 

MK II ·MOD. 0 AND MK II MOD. I 

KNOTS MILES KNOTS 
~~~~~~q~•L I 3 4 5 6 

~ 1//LL/// ~ - 1 
8 / / //.// ---- - - -· 
9 ///./ ~ ~ -~ -- ~ 9 

10 / /L/ / __.__. - - - - ----: 10 
II ·f// / ...--- _....-- - - - - J..- - II 

12 // ./ / ~ _....-- ~ ---- --- -- - -- 12 
13 / / / _....-- ---- ----- - - ----- - - 13 
14 / ./ / ~ _....-- .. .--- - ---- ---- ----- - - 14 
IS L ../ / / ...--- ~ .--- - ---- ___..- ----- ----- - I~ 
16 ./ / ,/ / ~ --- .--- ---- ~ ---- ---- ----- ----- 16 
17 / / / / / / .--- ...-- --- --- --- ---- ---- ---- ---- 17 
18 / / / / / / .--- --- ...-- -- . .-------18 
19 / ./ / L / _.- _....-- _....-- _...- .--- _...- ---- ;c.--· ___.-- .--- 19 
20 I / / ./ / / / __..- _.- ~ ~ _....-- .---- _....-- ~ ~ ___.-- ___.-- 20 

~ / / / / / / / / / ~ _....-- _....-- ----- ~ ~ ---- ----~ 
2 / / / ./ ./ / / / / / ~ _....-- _....-- _....-- _....-- ---- ~ ---- ~ 22 
23 I / / / ./ ./ / / / __..- __..- _....-- ~ ..,.- _....-- _....-- _..-- .--- _..-- _..-- 23 

24 / / / ./ / / / / / / /. ...--- --- --- ' ---- ---- ---- ~ - --- 24 
~ / / / / ../ / / / / / / / ~ •_....-- _....-- _....-- _....-- _....-- _....-- _....-- n 

'f 2 I / / / / ./ . ./ / / / / / / . / / / _....-- _....-- _....-- _....-- ...----- ...----- 26 
27 I////./././//////~/_....--_....--.---.---.--- .---,---- 27 
Of / / / / ./ ./ ./ / / / / / / / ~ ~ ~ --- .--- .--- _....-- _....-- 28 
2 I / / / ./ ./ ./ / / / / / / / / / ~ ~ _....-- .--- .--- .--- _.-- _.-- 29 
3 / / / / / ./ ./ / / / / / // // / ~ ~ _....-- .------ --- ~ 

0 ·5 I 2 3 4 li 6 8 9 10 II 12 13 14 15 16 17 18 19 20 21 ~ ~ ~ ~ u ~ u ~ 

KNOTS MILES KNOTS 

DO NOT FOLD DO NOT FOLD 

0:11_98 



" 

CONFIDENT IAL 

CURVE CHART 
FOR 

CAM N° 21 
FOR USE WITH VARIABLE COURSE CLOCKS 

MK II MOD. 0 AND MK. II MOD. I 

BUREAU OF SHIPS 

NAVY DEPT. WASH. D.C. 

~++H+-l-l+W*..J..l#.H+++m.IJ+H-H+H+H++++#l+f*#l~~~1W~*i+H!++~~il+i-j~~++H+~~~i+h+~~~~~~#~~-·-

o~~--~~~~TM~M+~ 

KNOTS • MILES KNOTS 
IS ·I ·2 ·ll -4 · II •8 ·7 · 8 ·9 I 2 ll 4 II II 
7 ·r 7 7/ //7//"/ --- - - 7 
8 1///./// ---- ---- - - 8 
9 ///// ~ ---- ---- - - - 9 
10 //// / ~ ---- ---- - - - - 10 
II 777/ / :_:::......-- --- ---- ---- ---- ::::::::= - - II 
12 'II I / / 

---- ---- ---- ---- ---- _.-----' .:--- :.--- 12 
Ill TTTTTTT7 / / / 

---- ---- ---- ---- ---- - - - 13 
14 'I / / / 

---- ----- ·•--- ---- ---- -- -- -- 14 
Ill Tn I/ / ./ / / 

---- ---- ---- ---- ---- ---- ---- -- -- Ill 
liS I / / / / 

------- --- --- ,------- ~ ~ ~ ---- ~ 18 
17 / / / / 

---- ---- ---- ---. --- ---- ---- ---- ---- ---- 17 
18 TT I / / 7 / / / --- ----- ---- :.:;::::::' --- - ---- ---- ---- 18 
19 / / ./ / / ....---

---- --- ----- ---- ---- ---- ---- ---- ---- 19 
2 I / / / ./ / / / 

---- --- --- __.-:.:;- ~ ~ .----- ---- ---- 20 
21 7 7 / / 7 / / / / / ....---

---- --- __.->-- --- ---- ---- ---- ---- 21 
22 I / / / / / / / / ....---

----
~ ~ --- ---- ---- ---- ---- 22 

23 Ill/ I I / / / / / / / / / ....------- _..--- ----·------------------ ---- u 
2 / / / / / / '/ / / / ....--- ' 7 --- ~ ~ -------- ------- ------- 24 
211 / / ./ ./ / / / / / / '/ ....--- ---- --- --- --- --- ---- --- 211 

~ 
7 I I J / / / ./ / / //////7 7 7 ~ ___..- ---------------- 28 

I / / / ./ ./ 'l / / / / / / / / ....--- / .----- ---- ---- ----- ----- ------ 21 ;, I I / / / ./ ·· ./ / / / / / ' / / ....--- ....--- ....--- .----- ~ ---- ..--- --- --- 28 
29 I I I / / / / ./ / / / / / / / / ....--- ....-------------------..------ 29 

liO I / / / / ./ ./ / -/ / ./ / / 7 7 7 7 .----- ---- _--- ---- ~ _--- 30 
0 . I 2 ll 4 II 8 7 . e t 10 II 12 Ill 14 Ill 18 17 18 19 2 0 21 22 . 23 24 2 11 28 27 28 ' 29 

KNOTS · MILES KNOTS 

DO NOT FOLD f'j j qg DO NOT FOLD 
't ......... 



CURVE CHART 
FOR 

CONFIDENTIAL 
BUREAU OF SHIPS 

CAM N°20 NAVY DEPT WASH. D.C. 

0 

FOR USE WITH VARIABLE COURSE CLOCKS 

MK II MOD. 0 AND MK. II MOD. I 

MINUTES ' 
1 2 3 4 5 6 7 8 9 ICI 11 12 13 I 15 1$ 17 18 Ill 20 21 22 23 2 25 26 27 28 29 30 31 32 ~ 3~ 38 36 37 S~ 38 40 41 42 ~~ 44 48 46 47 4 4B 50 5I j52 83 ':14 85 56 ~7 88 81 60 •&%LOSS 

' 
"' . • ' I I t

1 I I I j ! t 
I II I l I ' I I I • I ' Alol BAS 

' ; I I , ~UR8E COUR! 
r-- · • ~Fl.. .OF JUis&JJ!.AGI. ' .~...;_ ' -- - -- _ . ·- ----1--·-- -- .-~-r-- . ' __ .. i.-- __ ~ ~ > + ~• _ - -.:,~- ... .fl.\NISII 

' ' . ' 1 j ' . 35 • '--;-'C' 
i I ! / ~ I __...----+-- 4 5 ~5 I 

START 
1 

~ I : 
1 

• ' 1 · : 3¥ 
1 

""- 4~V ~ / ~ !\.. · 
,.--' I ·' ' : ' 'I I 

1
1 / -- "-.._ ~ I ~I \ 

----...... : I ,. ' II I I i I _ _____... I I ' - ' ' • ' I I I I ' 60 I 
......_~ I' 1 /~5 · ' 1 

I I • I ~ • _. I t ' I • ! ! I I ~ , • t • ' ' t ' t r 

. I· I 15 I ' I I : I ' I ,. I I I ! . I i ' i I I l . ' ' . . : ' 
~ 1-+ t - ... -~~+- ~~ -----~!---......:.----:- --..!~ .,..,--;..--, ' -~~ ~-...!..... ' !---:-.,............. ..... ,~ ~ - - · ·~·rt '- + - ~~. . - I . 20 I , i , I ,. , ' , , . ·I . . I I r 
I . ~ I ! l 1 '. I j i : ! I I t ! ! ! ! \ ! ·, ! ! I ' !' I~ . I I . I 

' ! ' 
1!1 I ' IOI I i ' lj ' I .: I I I ' ' i ; i : ,:. ' I : i ' i l I I' I I ' .l ' ; ' ' II ' I' IJ I :. , I ' I (1 1' . I! I f I I I 

' I I I I ,, I I 'I I I ' I I ' •I I I• ' ' • I I • ' • I I I • I l il I I' l I I I j ! i! r I • ~ I I 4j, ' ; j , ! t ;(-t i - I I ~ I • I • : ; ! r ! , ; · I I . ! , I j I ll 1 I ' ! - •j - 1 • - I +--""~ " ~ijl j t -1! ~E .tRAC1< -- -+-· - ·-rL .. T j-~-~- __ _._,_ ... ,+:---;r~ "';"'_,.,..,_,_ ;-· I ' -~ • .,.... +-!- • +~-~----,1 ...... '"'"1"" ' ~- +-+ - · r HH ' • + + . ~ ·· - .j.., · t· • t! ++ I. 
I I ,I I I f l It l ' I • ' I · , "I I I I I L 1 i' • 

KNOTS 
1 

MILES KNOTS 
•I ·2 ·3 ·4 ·5 -6 ·7 •8 ·9 I 2 ll 4 l! e 

I / / ./. //// ---- - ' 
I. / / / / // / ---- .---::: ---- - I 

I I / // // ~ ----- --- -- - : , 
1111/// / ------- --- ---- ·-- - - ; // / ~ ---- ----- ---- - - ==--- -- I 

I / / ~ --- ---- ---- -- - .- • - - I 
/ / _..--- ---- ____.. ---- ..:--- -- -- - -· I 

I / / / _..--- ---- ---- ----- ---- _. - -- - 1 
/ / / _./ _...-- ---- • ----- ---- ----- ---- -- ----- I --

/11//// / / / / ~ ---- ---- ---- ---- --- ---- --- -- -- : 
/ / / / ----- ---- ---- ---- ---- ----- ----- ---- ---- --

1111 / / / / / ----- ~ ---- ---- ------------------------- ---- : 
/ / / / L / ,..--:- .------ ---- ---- ---- .:--- ---- ----- ~ __.-- 1 

/ / / / / / ~ ---- ---- ---- ----- ---- ----- ---- ----- -----1 I /' / ./ / / / _..--- ~ ~ __.- ---- ---- ____.. ---- ---- ,------- - ----- ~ 
/ / / / / / / / ----- ~ ---- ---- ·---- ---- ----- ---- ----- - . I / / ./ ./ ./ / / L. / _.....---- ...-- ..----- .---- --- --- ----- --- ,.----- ~ 

6 
7 
8 
9 
10 
II 
12 
13 
14 
I~ 

16 

17 
18 
19 
20 
21 
2 
2 
2 
25 
2 

' / / / / / / / / / / / ~ ~ ~ - ---- - ---- ---- ----
5 I / / / / / / / / / / _..--- ~ ~ ~----- - -------- ____.. .---- : 
~ I / / / ./ ./ ./ / / / / / ~ / _.....---- __.. --- ..----- .- --- .-- --- , 
; / / / / / / / / / / / / /----- ~------------------------ ---- : 2 
I I / / / / / / ./ / ./ / // / / / ----- ~ ~ ---- ---- -- ..----. ~ ; 

I I / / / / / ./ / ./ / / / / / / / / ~ ~ ~ - ---- ---- ----
28 
2· 
3• / / / / / / / ./ / / / / / / / / ~ ~ ~ ---- -------- ' 

0 • I 2 ll 4 II 8 7 I I 10 II 12 Ill 14 Ill 18 17 18 II 20 21 22 23 l4 211 28 27 21 21 

KNOTS MILES KNOTS 

O:t:198 
DO NOT FOLD DO NOT FOLD 

3 

9 
0 


