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Cpator end o bombnrdior. Boch of theso men is roted only
specialty.
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WAVIGATION.L USoS OF THE MORDsN BOBSLGHT
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In tho not too distant post, therc grow up cmong tho comraissioncd pere-
sonnol of the army .ir Forccs an inbense feoling of riveliy over the, reletive
merits of thoir rospcetive positionse Out of this rivalry sprong such terms
as "chauffour", vhen reforring to o pilot; "high=altitude bookkecpoer™, tho
neme for the novigotor; and the bombordior wos somcons posscssod of o morbld
propensity towards dropping thingse .

Combot cxpericnco, os well as w clearcr understrn ding of individunl cubics,
has donc a great deal fowards brecking down whatovor prejudiccs had beon built

upe It wms no longer "ton mon in o ship". Rathor, it buciic ono ship vrith
one crows Iulbiply that by oll the ships ond all tho crovs oporating os units

of our for=flung Air Force oand ou bogin to ro 21izC tho oxtent of the nroblem
that wes frecd, mot, and solveds

Fven morc rocontly, it became cvidont thot tho liar. Dopartnont hed gonc
cven o step furthore If tho dubics of individuel crow menbors wore such that
onc's begen only as the other's wos comploted = wns it not morc foasiblc o
combinc both jobs? Thus was born tho Bombordicr -Navigator, an integral port
of cvoery combat crow. In our modium bombardmont ships thurc is only onc mon,
“In somc of our. heavy bombordmont aircreft there orc two such quolificd men =
cach qualificd to do cither or both dutics if callced:upons .
Yot there arce still some of our bombardmont cireraft that carry o navi-
in his particular

It is for “theac men - specificeally, it is for tﬁuSU novizators - that
this peper is dircctods

Your crow membor has on nsbrumunb designod to blast any designoated
torget to hells By virtuc of its dosign, 1t conteins footurss thet

ot con b
of incstimoble velue te vou in your position ‘as novigotors Locrn thoso
featurcse s adopt in thoir usc - so-that your function os o port of smooth
running tuwms moy bo performod wells

.

Leorn the footurcs of the BOMBSIChT.
Uncorstond whot the DOUBSICHT con do for yous
Usc this knowlodgc aﬁd this undérstznding.

. Usc it as o chaék'on §ogr ovm instrumentse

Uso it if, ond when your ovm instruncnts fnil joue
3 3 o

Don't poss it of f7es o godget thot drops things, beenusc its advanboges
to you rrc limitless. ’ "
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t o fow of thc things thot enn bo accomplished with tho

1le Rcad drifte.
2.  Dctoermine ground spccd.
3e  Colibrate Lir Spcod lloter,

Le Swing compasse

%
5«  Chcck prceession on gyroe
; 6es  Dotermine relotive boerings (this foaturc is limitced).
Lot us thoen look into the mntter with o wholcsome rospcoet for o pro- ’
cision imstrument, sincc the nevigator, os you hove oll comc bo roalize, :
1s only as good ns ony of nis instruments.

BOIIBING THEORY

Ho attbeompt will be mode hore to go too decply into the theory of the
‘bombsighte 1o will, however, toko up soms nccesscry definitions ond diagroms
in order thot we undorstond just what the boubsight cetunlly docs for use
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If wo wrore to considor ona-tlonu in o voeuum, . bomb rvlf”" >d from ony
cltitude would hit tho ground ot c.point dirsetly bOhJCGﬂ tho airplen 25
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rogrrds thoe time of fall - from ony designoted altitude o bonb dropped from
rost or droppud from o moving body, will tcke the somo time to rench the
grounds (& foather vwill £o11 os qulckly as o stocl balla)

However, if vo wers to considor conditions outsidd o vocuum - whore the
bomb is iqlllng through air, it would 1ﬁg behind the ship upon 1mp .cte This
distanco on the ground is crllod troils L bomb falling through oir will take
longer to hlt if dropped from o moving body, than it would if- it.-ire dropped
from reste ~ This is duc to friction mostly snd the foot thet the bomb. is

passing through morc atmosphorc. -Bombing tobles ond the bOMbSth# 1tscif,
telo corc of this foctor.

'
1

Lot us considor then just tho two aspeets of the bombing problemes The
bombing problom can be swmicd up by saying that it consists of determining

at whot point in tho air o bomb s hould bo roloased in ordor fo got o hit on

the terget. For ocny ono hending, thore is only onc spot in the cir ot which
e bomb con bo rolonsced cnd hit the terget for ony given cltitude, ~ir spcod,
kind of bomb and ground spccde  If wo con accurately find thot spob, o hit
can be socurcds To find thot spot, tho problem nust be broken down into o
range problem and o coursc problom,

(5

The ronge problem consists of detormining how near the
should be beforc the bomb is roloascds It is accomplishod through usc of the
nhorizontal (or ratc) cross haire For the bombsipght to solve accuratcly this
bombing problem, it is nocossory thot the ploanc be £lying lovel at the in-
stant of rcleasce If the planc is in o climb ot tho lnsnhnﬁ of rolcasc, the
bomb will f2ll over the toargete IL thd plonc is in o plide ot the instont

of rcleasc, the bomb will fall short of the target. This is truc in syn-
chronous bombings Thc roversc is true in fixcd englc bombing.

torget o planc

The coursc problom consists of detormining the course o be flovm in
casos where tho wind dircetion cnd the hending of the oirplenc are ot an anglo
to cach othors The wortical (or course) hoir is uscd to solve this pheosc of
the bombing probleme In determining the corroction for wind, if wo werce %o
ovsreorrceet, our bomb vhuld foll over and upwind; if w

if wo wore to undercorrcet,
or not corrcct cnough, our bomb would foll short cnd down wind,

The ¢rror in rangs (falling ovor = d short) is o rosult of the orror
in coursc, Thourcfore, s

for es ccbunl procudurc in bombing is concorned,
bombardicrs kill thuir coursoc first and tuuq synchronizc for rotos

liontion hos boen made corlicr of both synchronous onc
bombing. Fixcd angle bombing is uscd for cltitudes
beeouse the relative spoeds or thoe apparent rate of
is too st for both the sight and the bombordicr,
uscd ot oll altitudes above 2000 foote

fixcd anglo
beloir 2000 feet absolute
apnroach of the torget
Synchronous bombing is

In synchronous bombing by synchronizing the rate hoir upon an objcct '
on tho groond, the sigat is daturmlnLnb a ground spesd and o dropping onglce
In fixed englo bombing you iiork the problém in rovorsc and dotermine o
cround speed (usually by double drift) and consult the tablus to find tho
dropoing angle which is prce-sot into the sights
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RESTRICTED
USING THL SIGHT T0 RD.D DRIFT ' .

le Using the Bombsight s o Driftmcter
-

' In using tho sight as o driftmeter it is preocticel and worc
accurnte to usc the sight with the bombsight rwming cna tho bombsight gyro
uncageds  Optics will bo sot on any comvenicnt sighting angle and tcloscope
clutch will be cngeged Go hold optics at desirced sighting anglce To do-
termine drift on coursc on any hoading dosired, the novigetor will monuclly
swing thc sight with coursc knobs and obscrve tho forc cnd af't erosz heir
through opticss Vhon tho sight 1s indicating the drift proscent, objcets on
tho ground will trock the forc ond aft heir or parallcl ite Thon this con-
dition occurs, drift is killcd with tho bombsight and con. bs read dircetly
off the drift scnlece Drift is rood ns L or R, not Drift Corrcctions DLrift
by this mothod con be dotirmined cithor with the bombsight. coged or uncngods
Hovever, in rough air o wmorc accurcto drift con bo detorminod with bombsight
gyro uncoged so the optics Will be stabilizod:

The bombsight hos two gyros built into ite 4 verticel gyro to take carc
of PITCH ond ROLL ond - horizontel gyro to toke carc of yawe It should be
mentioned here thot o vertical gyro has its spin axils in the vorticcl plonc
ond o horizontal gyro hns its spin axis in the horizontol plarc. Howoever,
the wheel of the verticnl gyro spins in the horilzontal nlone while the whocel
of tho horizontel gyro spins in the vorticol ploncs '

ir drlft is tolion Vlth The gyro c"gcu, it is not nccoséaryjto heve the
bombsight runninge '

2e¢ - Drift by Synchro nizetion
Another mothiod of detormining drift is by synchronizetion or kill-
ing drift by usc of th course kncebse In this mothod, the nilot follows the
PDI or Pilot Dircetion Indicntore “The PDI is zerood with the loft hand.
You then uneage the bombsi:ht gyro nnd swing the sight on eny convenicnt
objeet in viewr, obsorving *“rJU" the optics, cnd scfting the forc and oft
hoir on ths objoccte Thon cluteh in the dircetional cluteh (this connccts
the bombsight to tl" st;bili"or cnd gives thoe bombsight stebilizotion in
azimuth) cad rolucsce the socondary clutche
. 3 .

Hoge the dircetion the fore ond oft halr is moving off the object ~nd
corrcet rccordirgly by doublc gripping the course knobs, trying to kill
apporent motiorne .5 corrouctiocns ”ru-3u+ 1h, thor arc reloyocd to the pilot
through the PDI, ~nd ho corrscts ceeor ~ly, crabbing tho ship into the
winde ‘hon opparcent motion of forc ~nd qu hoir is stopooed, drift is killed
and cross hoir moy be olncod bocelk om tho dbjuct 1dath the outside kncb. If
the hair stoys on the objoct, the drift is killod ~nd wey Do read on che
drift scolo. :

. This lattor mothod, drift by synchronizntion, is porheps tho bottor of
the two cthodse In ths first ol .cc it allows P T proateor cccuracy in doe

n be opnlicd to the
Then too, 1f this prococurc is followsd, it is not thon nccessary

t\rm*lln the drift boeomusy of the rofincacnts thot
m
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GROULID %EE?D BY BOWBSIGHT

The dotermination of ground spood is anothor funetion porforned by tho
bombsights The procedurc in determiming it is as simplc os tliat of rocding
drift, S

In this operation, woe arc using the rotoe (or horizontel) hoeir of tho
sight. It is nccessary only to synchronize this hnir with some obj.ct on th
ground. Then tho hair cnd the object;on tho ground romein in coincidonce,
we havse sot into the sight o cortoin dropping angle This onglc is road fron
tho sight opposite tho loft indexe. Mith this drooplng angle, wo cnter our
tablus and rond off the corresponding ground spocde (The teblo moy Do found
on the last page of this roporte ) Boforc synchronization is attomptod, all
°w1tchvs on tho sight arc turncd on and sight is ollowed to worm up. Disc
spocd is sot into s1gnt by dividing tho n”Vl““thHWl constant 1,259,200 by
the absolute altitudce . .

Tn ordor to wundorstand what mokos suel: a scomingly simplc opcration
possible, let us agnin refor to our original dicgrrms uscd o illustrate
the theory of bombinge

In tho dlugrﬁmg . ‘ .

. : { .
l.- *h01, ugngo was dofincd os tho setual distones tho nlono
trevels froa the vnoint of roloasc unuLl the bortb hits the

grounde

2, fLctunl tims of f£2ll is the time in s
for o bomb to hit from any spccificd

Using thon o simple Rete, Time and Distrnce formulos

EN

.

Ground Spocd = 'hul “Rnnge

Lot us then substitute into this formuln, valucs that irs know or con
detormine quicklys '

1. thole range is cgual to altitude X tangont of droppings
2¢ A TF nny be compubod in many voys: )

Qe On tho basis of the goar ratios sct into the BeSe mochanisn,
if we worc to divide the disc spocd (RPI of the disc) into
the navigosional constont 5300, wo would goet our 4 T Fe

ATF = 5%0

w2

Using this rothod, DS is dotuormined from tnblos whor. the
cntoring ergunents oro obsolutbe clbitude and TAS.

..5..
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be Thero oro spocinlly dosignod toblos (for cach typc and veight
of bomb) which give +the netunl tiuws of £211 in sccondse The
ontoring orgunmonts in this toble aro sbsolute Altitude ond T.S,.

Ce In casc one docs not have A T F tobles and ho wishos to figurc
out his disc spced to presct in tho sight, the some rosults
con be gotton using the novigntional constent, 1,259,200, cnd
dividing it by tho absolute cltitude in order to detorninc
actunl time of falle

Let us thon go back to our formule and sco what e hove
derived thus fare

Ground Spccd = ibse Llte x tongent of dronping
' . Tinc in
IR scese from  or 53004x 1.L4657
tebles DS

The 14667 is put into tho formula only os o conversion factor
sincec our answer without it vmuld come out in fect por soconde
114667 is uscd os the conversion feoctor from feet per sceond
to milos por hours

Thet is the formula upon vhich is bascd the attrched toblce
So, for ony dropoing .angle sct on tho sight by s
the roto heir, we con road off o corrcsnonding G/S.

C.LIBRLTION OF THS .IRSPEED ILSTLR

to hove o noosurcd coursc, since ground spocd con be determined mrithout o tinc-
k]
pisecce ‘hot is nocded is a stroipght roand of knowm surveycd altitudce The
thecory is still the smac. A run vidth the vind nd one ozninst the wand for
Y s
cvery 10 or 15 nilces difforencs in oir specd through the dosircd rongos

If calibrating tho lir Spoed Motor with thu bombsight, it is not nccessary

As soon s loternl heir comecs on the rond with cxtendod vision out and
bubblcs levelad, synchronize for rote cnd continue synchronizotion to the
verticel for oxtrome accurcye Rond the dropping angle; rcefer to the tabloe;
end rocord tho G/S. .

also rocord the nrossurc ~ltitude, average tomporcture, cnd tho avornge
indicatod rir spocd held for thot run. (Remowber the cvercge indicotbed nir
spocd near thoe cnd of the run is the nost imwortont for thet is whot fincl
synchronizrtion wrs fors)

COMP..SS SUILGING

The bombsight hos boon uscd successfully in compnss swinging missions
in conjurction with the gyroe. Espeecinlly good us. hos boen wrds of this in-
struncnt vhen swinging over th. rummyse Lot us sct up o spocific problenm
~nd definite conditions in order thot w. nmight understond the procodurc,
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Lot us say a poarticular air baso has throo runweys nuaborod 18 and 36, 3 ond
21, 10 and 28e Thosc threco rummys <l low us six hoadings thot vwe can swing

on whoro tho boaring of the road, or in this instoance, runvey is dofinitoly
knovme Thoe bombsight is usod in conjunction with tho PDI to
dircetly from tho rumray. Vhen thoe foro ond aft hair of the

ing tho cdge of the runwey, then the mognotic hoading of the ship is cquel

to thoe magnoetic boaring of the rwwaye L comparison of this voluc with our
compass hoading will give us our doviation corrccetione Lot us csswac thon
that those arc tho volucs we detorminods

fly tho ship
sight is trocke-

M DG CH
T80 AL \ 181
%60 -1 ‘ 359
30 A2 32
210 -1 209
100 Al 10/,
280 -3 277

Vlo now hoave six points of our groph and we wish to debtorminoe the intermediary
oncse Lot us thoen go bock and £ly over runwoy 3e Vith thoe boubsight running
and the PDI cngogod, corrcct the heading of the ship until foroe and aft heair
is agoin troeking the cdge of the runway. 4Lt this point your compass should
be reoding 32 Thon turn off on imtormodictce headings of L5, 60, 75, 90,
making gentle turns not over a 20 dogree bank and doetermine thoe doviation

on thesce headings by o comporison of thd dircctioncl gyro ond your coapnssSe
Wo are now roeady to coxe bock To thctha

viously dcectormincd o

cding of 100 for which we had pro-
o devintione : 3 '

If thoro wore to Do no precession in our gyro ana it was giving as cor-
rect reacdings, then the differcnce beticen our gyro and our compass rould give
us a D.Ce of plus four. Let us assume though that as we f£lew up runvey 10
(making certain that our magnetic heeding was 100 degrecs), the diffcerence
between our D. gryo and our compass wos 8 degreos. This would show L degroes
of precossion on the gyro wiilch would have Lo be applied proportionately
o all heodings bebtiwcon 30 and 100 degrecse

RELATIVL DEARINGS

Relative boorings cre limited by the czirmath ring whiich extonds only
20 degrees to eithor side of tho longitudinel axis of tho shipe

REFEREWNCES

M 1=250 =« Prccision Bombing Proctice
Thi 1-510 - Synchronizing
TM 1-251 = Handboolz

for DBomboardicrs
Loviotion

Ordnencce Pomphlots Wo. 649, 650,

All specific inforiation listod obove os regords reoding drift and debtormina-—
tion of G/S conceorns itsclf with the Horden sighta

For inforaotion on tho Sporry sight, Instruction No=14-8035B, dated Novomber
1642, publishcd by Sperry Gyroscope Coupany, should be consultode
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