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1

Chapter II

FRQM ARROWS AND SFLYING BULLETS®
TO THE AUTQMATIC AERIAL GUN

[ P
_TACHELE

At the very begimning of the combat use of aviation, use was made of special
heavy steel feathered arrows and bullets, which were dropped on heavy troop and

__cavalry concentrations, as well as om the enemy's lighter—than-air craft and air-

= :plams.

The use of such devices in fighting t;pe aerostats and airplanes of the e nemy
" 'was responsible for shaping aerial tactics. The advantage of altitude was always
vmm, and the arrows and bullets were released from above while passing over
"'the target.
In the Russian air force, extensive use was made of V. A, Slesarev's "flying
bullets®™; V. A, Slesarev was the designer and tuilder of the heavy airplane
MSvyatogor®, He designed special cells which allowed the alternate release of
bullets and arrows. Also widely used at the time were the bullet-releasing devices
_of the engineer Kolpakov-Miroshnichenko, ‘
This type of aerial wezpon was dfoctivo to a degree when used against ground
personnel and aerostats, but was gquite hnirfectin in action against enemy planes,
|
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Fig. 1. Aircraft Warrovs. Arrows of
this type were dropped by airmen on
eneny troops, blimps and airplanes
before firearms and bombs came inte

use in the air farce.

> ¥ ‘\\\".\.“A"
- Skt 177,147 7

’Bullet with tangestxal festhering

Fig. 2. "Flying" bullets sud arrows,
used by adrplmi against enemy person~
nel and aircraft,
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Chapter VI

EFFECT OF ACTUAL SPEED ON PROJECTILE
TRAJECTORY

Relative and Abaolute Initial Volocii:lea of Projectile. The Iriangle of

: Yelocities

“ It has happened to everyone to throw some relatively heavy object from the
16 _window of a fast-moving train or sutomobile,
| You cannot help noticing that the cbject keeps falling alongside of you
/,_*untu it reaches the ground. This means that the train or car have imparted to it
| "their own velocity, and that, after you have released it, the cbject contimmes to

to travel at this velocity in the direction of

your own motion, while falling dowrward because
/ of the pull of gravity, The relative velocity

T
by bt

I of thé object, i.e. its velocity in relation teo

9
N\

the railrosd car, will be directed vertically

ath of objec Path of oh_)/ec
irelative to_ relative. tV) downward, while 1ts velocity relative to the
railroad cat/ the ground

ground, i.e, its abaclute velocity, may be

7

.obtained as the sum of the vector of train speed

] and of the vectar of the speed of f£all, in-
[Fige 75. Fall of object thrown
creasing due to the pull of gravity., If we de i
—from the window of a fast-moving i i
4 not take air resistance into account, the
train, :

motion of the released cbject will follow a

— i
413 __paraboiae !

50— 'omthompiotmﬁmﬂnnmnnnuodmmnrplm. At the
S%mo-ontofitc exit from the bore of the gdn, velocities are imparted to the shell

54 _lin-two.directionss —that of thahc.cu,:nd that of the motion. of the airplane, '

56_1In relation to the gun. and to the plm..,.fhc. velocity of the projectile at the
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moment of its exit will equal the velocity at which the gunpowder gases propel it j
out of the bore of the gun, or that initial velocity which would be imparted to tb_el

projectile if the same gun were fired on the ground. In aerial gunnery this velo- '
i

city is termed relative initial velocity and designated as Voo

Relative to the air, the velocity of the projectile will be different. To thq;

vector of relative initial velocity will be added the vector of the airplanets

speed and the direction and magnitude of projectile velocity will be represented ‘

by the diagonal of a parallelogram constructed from these vectors. The resulting
“"velocity, obtained by summing relativa i i : the actual speed of thé
airplane is termed absolute initial velocity and represented by Vo1e

2 a"d
N

Actual speed ¥

Fige 76. This is the path of a project—- Fig. 77. Effect of actual speed on the

ile fired from an installation aboard a position of the trajectory of the projectsy
plane. ile. Construction of triangle of velo-

cities.

The angle formed by the plane!s fore and aft axis and the bore axis at the
moment of firing may be described as the angle of inclination of release relative
to the plane. It is represented as Bo' ' This angle is measured from the aft end

w’_j; of the planefe axis and may vary from O degrees, when firing is in the direction
54— of £1ight, 0 180 degrees, when firing aft.. For bevity's sake, we will call this
—

56_J._angle simply the angle-off of tha piece. . , . R
|

i

i

—

i

L
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The angle formed Ly the vector of absolute initial veiocity and the fere and
Aft axis of the plane 1s tarmed the abaclute angle-off, and is represented as oye
; The angle formed by the vectors of the relative and absclute initial wlocitiul
is called the angle of deflection and represented as [3 .

The magnitude and direction of the absolute initial velocity of the projectile

A

j"ol depends (for a given piece) on the actual speed of ihe airplane and on the

. angle~off of the piece. The highest vaiue for absolute initial velocity obtains

. _ when firing directly forward, It then equals the algebraic sum of relative initial

“».veloeit.,v and the scinal sneed of tha plane. while the ancle of deflection 2nuels 0,
L As the angle-off of the piece is increased fram O to 90 degrees, the vector of
;a absolute initial velocity decreases, while the angle of deflection increases, As
M_f the angle-off of the piece is further increased to 180 degrees, the vector of
_ absolute initisl velocity contimies to decreass, while the angle—off decreases to
: zero. When firing directly aft, absolute initial velocity equals the algebraic
difference between relative initial velocity and actual speed.

B Flrlng fotward . —_— TS~
= — —

Firing aft
Uos ==

'

_|Pig. 78, In firing forward, the lblolntognloci- Fig. 79. The triangle of velods
ty of the projectile is increased. In n:u. aft, ties is situsted in the ssme |
e A% 18 decreased.. . Plane _as the fore and aft sxig |
J of the airplane,

i
|

d Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1



Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

wed

The trisngle formed by the vectar of initisl velocity vo, the vector of the
sctual speed of the plane Vi, snd the vector of absolute initial velocity vy is
“? cnllod the triangle of velocities. The fore and aft axis of the plane always lies

in the ssme plane as this triangle.

&

e S Y 7 s

Thus, if the angle-off of the piece ditfcn from O or 180 degrees, the shell

it

’ __4 will never travel on the path onto which it has been relesased from the piece, while

ek b

"~ its velocity will differ from relative initial velocity.
The motion of the projectile when firing from sircraft in flight wust be con-

_ sidered as taking plece under initial conditions different from theee chtaining inm

Deflection of Projectils, ILinsar and Angular Deflection

The phencmenon of the deviation of the projectile from the relstive plane of
" relesse as & remlt of the sctual speed of the airplane is called the deflecticm of
__ the projectile, The magnitude of deflection may be estimated either as the linear
" ar as the angular velue of this deviations
The distance measured along the line of flight from the relative path of
' release to the absolute path of release is termed linear deflecticn and is repre-~
: ’_"f sented by the letter Ao

1inear deflection varies in direct propartion to the range of firing and does

Ay
EA

- ndt» depend on the angle—of? of the piece, The angle of deflection, whose definition
) :[n gave in the preceding paragrsph, does not depend on the range of fire, but does
depend on the angle-off of the piece,

—i A correction for deflection, therefore, may be introduced either by seiting
184
Wﬂupointofninfrathetlrgotintdirutienoppmt.tothltnf%h.

motion of the gunner's plane to a distance equal to the magnitude of the donoction,%

cbytm;thopiooonmmdirootion:tlnmguequntothoanghd |
IO
deflection,
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i e

‘Linear
Deflection

) <
Yor >
Deflection Plane of sight
gle 5" of weapon
> [/ to horizon
” — =]

A\
%/

does not depend on range.

Firection of Flight

b

mc._mmﬁm.chtion_dwl_m..dmniﬁam the angle-off of the weapon..

e Geflection angle varies Iith the angle-off of the weapon,
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It will be noted that so far we have examined only one aspect of the phencme-
,:non under consideration, the variation in direction of release caused by the actual
‘ speed of the airplane. The other aspect of the problem results fiom the fact that
_lactusl speed slso affects the magnitude of projectile velocity, and must therefore

and

Anymaa.

""h9e Effect of Actual Speed on the Farm of the Trajectary
er imersaged, corre=

projectila 1s decreacsd oy

: If the initial velocity of the mpro
sponding variations will occur in the time of flight of the projectile to a given

=
.ot

o
[75]
=
)
o
w2

Bffect of actual speed and angle-off of weapon on form of trajectary.

|
|
|

In firing forward, the actual speed of the plane will be added to the initial .

velooity of the projectile, the. poj‘ctﬂ.‘lill travel greater distances_in the air !
—ithan it would in ground firing in the same time intervals, and drop as a nmi,_qt_.é
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. grevity pull for the same distances as it would in ground firing, Therefcre, the

‘ ftrq»tory will flatten owt, and the horigontal rargs for a given angle of fire wild
b- greater, '
" In aft firing, if compared to firing on the ground, initial velocity is de=
[ creased by the airplane's actual speed, tke projectile travels shorter distances im

‘j the ssme time intervals, and drops an equal smount., The trajectory of the projectils
ol

__will have a more pronounced curvature, and the horisontal range of fire will decresm

1

In firing at angles—off between O and 180 degrees, trajectories will assuve -

6
! _ farms intermediate betwean the most flattemed and the most arckad, while harizomtal

PR :
‘r-ngo will vary between the upper and lower extremes, decreasing when the angle-off
204 ' :

__jof the piece is increased,

4 Thus, the actual speed of the gunner's plane gives rise to two new complicating
 factors which must be dealt with. The first is that values for gravity drop varye
- " The second is the fact that, even allowing for drep, one carmot set the weapon in

) -

i ﬁ the ssme plane as the target when firing, since projectiles will leave this plane.
Chapter VIT
ALLOWING FOR THE EFFECT OF ACTUAL SPEED ON
PROJECTILE TRAJECTORY IN AERIAL GUNNERY

40_]50, Is 1t Possible to Espimste Projectile Deflsction by Eye?

42

It is, of course, possible to do s0s But what will be the accnrlcynfmhn
44

___elti.nu,ammithcrpoctodtoledtomhitungotmmmmubo@

16 i
__|fired wpomn? It is possible, for example, to make an estimate of deflection on the '

48] ;
basis of the definition previously given ’t the concept of "linear deflection®,
50 ;

—: Linear deflectionm, wnmidroadyu&,dapondlonrlngidrm, lpoedafplnn?
52— :

}

— and imitial projectile velocity,. | 1
e !

] Tt ie therefers possible to caloulste in advance linear deflection foar a

sS4

i

56
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_.certain Tange, ssy 100 m, and then allow more or less depending on whether the range’
‘%afm.wg.t is grester or smaller than 100 m, BHaving determined the magnitude of
‘”‘“3,d.n,m,m. it 48 possible, by using the target as a unit of scale, to carry the
,,,po:\.nt of aim to one side of the target, in a direction opposite to that of the
W-ouen of one's own plane, tc the required mumber of target scale units.
::j Tet us ascume, for instance, that deflection at a range of 100 m equals 15 m,
’ ,ﬂand that the target fired upon measures 10 m, and is situated at & distance of LOO me
', i véngs of 400 & 28 fwar t4mss 100 m, Thovafore, deflectiom for that range will
lmmtmr times that for a range of 100 m, i.e, will equsl 15 x L ® 60 m.
‘.l'ho target measures 10 m, which mesns that linesr deflection will equal g.g 6
" "target dismeters, Comsequently, by sstiing backward the poimt of ain by 6 target
. dismeters away from the target in a direction opposite to the motion of cur own
__plane, we will make allowance for projectile deflection.
l It would also be possible to make use of the deflection angle to introduce
" the necesssry correction in sighting, That, however, would be even more difficult,
X The example given above will suffice to show that, in sighting, even a well
‘tradmd gunner would need & certain smount of time to carry out the calculations
Since the gunner in aerial combat needs to solve yet another series of problqu,
"4t is warth examining the question of whether it is possible to remove the need for !

the gunner to allow for his own actual speed, This isthequsticmnrﬂlnupro—é

coed to exsmine, At the same time, we will study a means of allowing for the

varistion in magnitude, snd not only direction, of absolute initial projectile
velocitye ‘

50_]S1, How o Allow for Own Actual Speed in Aerisl Gumnery

52

-~ Ihunhndtonkannmglobownntmboroaxhandﬂulishtnil:lntlu
54

—vertical phn- to allow for plvity drq, we eretud a difference in elevatiom

56_J
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O

betwesn the sight post and the pipper of the ring sight in relation to the bore axise

?g;
%
%
i
i
£
{
I
t
i

Fig. 83¢ The principle of reckoning

projectile deflection by shifting over

bead in the direction ef o fiight.

~ 'To create an angle between the sight axis and th

e bore axis in the horizontel plane
i ‘,‘;to allow for projectile deflection, it is ocbviounsly sufficient to move laterally
_:either the sight post or the sight ringe

Let us assume we have shifted the sight
__post laterally from the bore axis in the direction of flighte

If we now aim at the
10 __target through the pipper of the

+ing and the bead on the sight post, the bore of
:]tho gun will be pointing %o one side

of the target, in a direction opposite to the
:‘wbian of the airplane.

Tt is obvious that to obtain the reqniro angle of declination of the bore ci-
4 _j‘rru the 1line of sight, the sight post must be moved laterally a certain specifis '
su_laistance. To f£ind this distance, it would be necessary to find linear deflectiom ‘
52—far some particular range, and then shift the sight post forward in the direction of
:iwmw than_the obtéined value for linear deflectior by g__m‘

—4-:1 times as_the distance from pippsr to bead is saaller than the range for whish

46

-n

i
|
i
|
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deflection was computed,
In practice, & much simpler and more convenient operation is performed (ig. 8h)

_The distance AC fram the pipper of the ring to the axis passing through the place of

asttachment of the sight post to the barrel of the gun is taken as equal, at a par-

_ ticular scale, to the vector of relstive initial projectile velooity Vee

" Pig. 84. Tha principle of reckoning
actual speed and gravity drop of pro=

Jectile by means of a vectorial devrice.

_This is permissible since the orienmtation of this vector coincides with that ol the

i.. gan bore, while the scale at which it is repressnted may be selected arbitrarily,

42

_‘:Itt.hn,tt-thilmnﬂo,nt&odimcnrrmthgsightpoﬂsttmmé

totboui-ofthodchtpo-titulfuoquntothommedoftnoadrplm,
'n@tunomconnoctin‘ﬂucentorlofﬂnrin;lndthe-mtbead'ﬂlbooqm

,_! in magnitude (at the selected scale) and orientation to the vector of absolute

i_ pointing &t_the target the vector of sbeolute initial velocity, while the bore of |

~linit1al velocity vge Ouwr problem is precisely to direct the vectar of absclute
iinitial velocity st the itarget when sighting. Therefcre, when we sight at the

target through the pipper of the ring and the sight bead, e sre at the same time '

| the piece has a declination sway from the target to the side opposits to that of _:

~12
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0
AAAAA the motion of the plans, precisely equal in angle to the angle of deflection.
The sight we have just designed possssses one important drawbacks when the

" gun swivele, the orientation of vectar ¥y will fail to coincide with that of the

__ trus vector of the plane's actual spesd, and the triangle of velocities AEC, and

""" hence the deflection angle s will remain unchanged, which of course should not

: occur, since the angle of deflection varies when the angle-off of ihe gun is v-.riod,‘

" a8 a result of the deformation of the trisngle of velccities, This means that, in '
" order for our sight be genuinely useful for any position of the gun and to make &

" correct allowance for deflection, it is necessary that vectar V1, i.e. the post
- ‘beu-:l.ng the bead, be always parallel to the vector of the plane's own speed; or, in
" other words, the fors and aft axis. Then the angle of deflection would autcmati-
" cally be formed for any position of the gun, and the line of sight passing through
" the pipper and the bead will always have the same orientation as the vector of true

"~ absolute initial projectile velocity, There are several ways of keeping ths vector

Vector of
actual speed

Vector of .
relative initial

Vector of
absolute initial
velocity -

” /)
Upy < Ugy <Upy

50 )
_:;Fiso 85, The autamatic variation of the value and orientation of the vectar of
52—

— sbsolute initial velocity in a vectorial sighting device.

S e e

Direction of Flight
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of the plane's own speed parallel, within the triangle of velocities, to the fore
" and aft axis of the plana, We will exsmine them subsequently. For the moment, to
""" fully convey the cleverness of the design of the device described by us, we will
" note yet another of its features: 1its abllity to make an allowance not enly for
~ changes in the crientation of the vector of avsclute initial velocity, but also for
| 1ts magnitude,

To have the bore axis at the angle of sight to the sight axis, boresighting

e AT

involves the elevation of the ring pivper to a greater height above the bore axis than
.l_..:__*mg sight bead.
In our disgram (cf. Fige. 84), the boresighted angle of sight, computed for tire .
* "~ from a stationary sirplane, will be the angle ACD =< p. In serial fire, we sight
. “ at the target along line AB, i.e, at an angle of sight ABD S, which will vary when
" the distance AB is varied.

If AB increases, this means that the absolute initisl velocity of the projectile

_ iner , and, quently, the range of fire incroases. But as distance AB in-
" creases, the angle of sight oL diminishes, and thereby & correction is introduced
_ for the increase in projectile velocity, aince as the sight angle diminishes, the
;rango of fire likewlse decreases. In the end, range is saintained,
Thus, by using the sight described above, we allow the gummer to forego making
kta.n allowance for gravity drop, for projectile deﬂection, and for variations in the °

:-agnitudo and direction of absclute initial velocity. 411 these problems are solvd}

These very same problems may be solved by making mobile not the sight post,
_ibut the sight ring. However, the latter, to make an allowance for the airplane's

43
%wwd speed, will have to be moved lattrﬂly in a direction opposite to that cf
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a4

__Fig. 86, Automatic setting of angle of sight by means of & vectorial sighting deviss

-- 52, How the Indicatar Lath of Actual Speed in the Vectorial Sighting Device Is Main—

s ».'taimd Parallel to the Fare and Aft Axis of the Airplans

— In the course of firing in asrial combat, the piece may assume the most varied
- positions: it may have to swivel from one side to the other, incline upwards or
) :, downwards, or, in ring type installations, be directed both fore and aft.
) — In all these maneuvers, it is imperative, in order to make correct allowances
:‘: for daflection and variations in absclute initial velocity as the angle-off changes,
w-ii:o stabilize the vector of actual speed in the sight, i.e, to maintain it in &
Tz position parallel to the fore and aft axis of the plame for all turns of the gun,
_ The simplest and most clever device for this purpose is a mechaniss for the
stabilization of the vector of actual speed in the form of a vane-type sight post,
The vane-type sight post ccusists of 3 vertical pim, fixed on the end of the
barrel, and the sight post proper, which is connected to the pin by means of twe

. |
5 parallel bars. The lower bar is extended beyond the pim, spliced into two parts,

1
on the ends of which are attached two box-shaped stabilizing surfaces. The bars §
—_ i

A A5 i A AT

are connected to the pin in such & manner that the sight post may swivel freely 'w'i
N, . ‘ . _—
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-arovnd the pin and move upward or dowmward in relation to it, while adways remainivg
parlnd to ite The distance from pin axis to sight post axis oquals the vector of

. oum sctual speed at the selected scale., When the plane is in motion, the oncoming

lir current acts on the fins of the sigbt, and the sight is carried forward, its -

) ’position being rigorously determined by the air cwrrente In this manner, whatever

1o

\the orientation of the plece, the sight post is always set forward in the directica '

qf f1light,

Direction of Flight
———

. Fige 87 Stebilising the vecter of actusl speed Ly means of a vane-type sight post,

17

This highly original device, despite its extreme simplicity and seeming ef-
ficlency, has two impartant disadvantages, The fact is that the sight is oriented
not parallel to the fore and aft axis of the plane or to the direction of ite forw ’
ward speed, buta.naceordm.-ﬁhnrnm Ar flow, however, hhid:lyvarubh:
and is warped by varicus bodies which hq:pontoboinﬁltw. The turret itself
bearing the plece with its vans-type sight posh distarts air flow around the aire

phno Mi-m,thcm-afmmmm”mdtoﬁof ﬁ“l

-
26 ,’
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oo . e
.,&ft axis, and therefore neither is the air owrrent. The screws of the plans alsé

R H

iwarp air flow. Consequently, the vane-type sight post, oriented strictly by ate :
" flow, does not indicate the directicn of motion of the plane, and therein lino its
| _main dissdvantsge. Another, less impartent drswbeck is that the sight represeits &

L
~ _ivectcr of actual speed which remsins constant in magnitude, while the speed of the

10

:u:lrplnm, depending on the partioular assigmwent being carried out, may vary sig-

-t
1

" niffcently. If the spoed of the nlans differs fram that used ss & basis in adiuding

’ . the sight, the latter will introduce incorrect allowances for deflection and fer

" the variation of the vector of absalute initial velooity,

In the more efficient sights, the vector of actual speed is made variasble,

! “whﬂo its statfiisation ie accamplished by mechanical, rather than asrodynamic means

a :the ring are set not on a base of definite length, but en a specisl indicator lath

"":,u in the vane~type sight post.

Soutomkemvectorormspoothbloviﬁinlmu,msightpoatur

’ ‘which may be made to slide farward or backward in the grooves of a guide rule. The

11,
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a

. lath itself besrs & pointer; while the side of the guide rule is graduated to show
own speed at the seale of the sight, This lath is termed the actual speed indicatar
" lathe The guide rule is attached horizontally to a shaft, by means of which the
rule is oriemted along the fore and aft axis of the plane.
‘ When the pointer of the lath is at zero on the graduated scale, the sxis of the
‘ “ fuight post is in line with that of the guide rule shaft support, and the positicam of
‘the sight post then corresrondr to ground fire conditicns, when actual speed equals

—a —a & o, A A

v &v e graduavion SITOSpOKiing Lo

#Z6F0e TFor s&Tiar Iire, ue lalh poinver 16 &
the speed at whioch the given assigmment is to be carried out, In this position, the’
distance between the sight post axis and the axis of rotation of the actual speed
" indicator lath will equal the vector of actual spesd at sight scale. It is now
- " necessary to orient the lath in a direction parallel to the fore and aft axis of the
o plans, and to maintain it in that position for a1l positions of the piece, It would
__be poassible to simply fasten it to the stationary turret ring in e position parallel
" 4o the fore and aft sxis, However, it must be remembered that yet another vector

" enmters inmto the triangle of velocities, and that this vector nesds to be criénted

in a specific direction: the vectcr is that of relative initial projectile velocity
:f_:vo. Vector v, must always be parallel to the bare sxis, and therefore must be

" attached to the barrel. To get the vector of absolute initial velocity, it is

_. necessary that the vector of actual speed originate at the extremity of the vector

w of relative initial velocity and, conversely, that the vector of relstive initial
12: velocity originate from the vecter of initial speed, Therefore, if we securs the
" actual speed indicator lath to the airplane, while connecting the vectar of relative
“indtiel velocity to the plece, and, at the same time, jJoin these two vectors by

means of & hinge, it will either be liapossible to move the piece fram its criginal

!
position, ar our vectorial mechanism will fail operate when the piece is turned, !

52—
- This means that both vecters must be eonngct«! either te the airplane o to the i
_| piece, Since the gunner operstes his gun mamually, it {s prefereble that he have

54
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e

the sight on the piece, and therefare that the entire vectcrial device be connected
to the latter, Consequently, it becomes necessary to employ special mechanisms to
stabilize the actual speed indicator lath in such & way that, whatever the position
of the piece, it remains parallel to the fore and aft axis of the airplane,

To maintein the actuval speed indicatar lath perallsl to the fore and aft axis,

yo

" use is made of vertical and horisontal stabilization mechanisms,
The vertical stabilixation mechenism serves to keep the lath parallel to the

marad vearticaliliv while tha hewidaawmial astahi-
8 movad verticallx, while s somtal =X

’ _lization mechanism holds the lath when the piece is turned horizontallye.
The vertical stabiliszation of the actusl speed indicator lath mxy be effected

I

__by means of an articulating parillelogram (Fige 89).
- Let us consider a parallelogram ABCD, made of articulating strips AB, AGC, ED and
__CDe Strip AB is fastenod to the turret in such a mamer that it may only turn on the

" yertical axis passing through poimts A and B, while strip iC is fixed to the barrel

; ﬁot the piece, The actual speed indicatoar lath is fastened in a position perpendicue

v “;i;to strip CD and parsllel to the fore and aft axis, Let us now agree to use the tarms
_"vertical" snd "horiszental® with reference to an airplame in level flight,

When the bere is moved in the vertical plane, strips AC and HD will alse move

" in the vertical plane, Strip CD, to which the actusl speed indicator lath is joimed,

T

;__.rna.i.ml.ng all the while parallel to fixed strip AB, will remain vertical and, there=.
400
fore, the actual speed indicator lath will remain hoarizontal regardlcas of the

devistions of the gun in the vertical plare.
. Any turn of the plece on the vertical sxis will be sccampanied by a twrn of the.
"~ antire parallelogram in the harizomtel planes Consequently, the lath will remain
lis:hurhcnul, though its orientstion within the horisontal plane may vary, unless

¢s are taken to stabilize it in the horiscntel plane as well.

Another means of vertical stabilisatiom is to connect the actual speed indie

cater 1sth to the barrel of the piece by weans of three cylindrical gesrs (Fig. 907

19
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Triangle of
Velocities

89, Vertical stsbilizing of vector of actual speed by means of articulating

parallelograme
Gear A is stationary in relation to the turret. Gear B, comnected to gear A by a rud,

" engages with A, Gear C, engaged with gear B and connected to A and B by the rod,

Actual speed
\indicator lath

Fig. 90, Vertical stabilising of vecter of

actual speed by means of gear device,

20
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_will rotate in a direstion opposite to that of B when the latter rotates. The rod
‘Ac, tied to the plece, turns with it in the vertical plane, The vertical shaft on
"which the lath turns is connected to gear C (or to its shaft), When the picce turns
in the vertical plane, gear B, engaging gear A, turns gear C and with i%t, the lath,

_in a direction oppesite to that of the moticn of the plece and to an equal arngle, &

_ the dismeters of the gears are equal to oae another, Cousequently, the lath remains

in a horizontal position rsgardless of the position of the piece in the vertical
plane.
To maintain the actual speed indiceztor lath parallel to the fore and aft axis
of the airplane when the piece turns in the horizontal plane, similar mechanizms may
'\';,, be used. For this purposs, the barrel of the piece must be connected to twe paral-
" lelograms, one vertical, the other horizcatal. Then whatever ths orientation of the
‘ _piece, the actual speed indicator lath will always be horizontal and parallsl to
" " the fore and aft axis, while the sight post will be vertical.
Tt is feasibls to connect two parallelograms to the piece only when the gun is
) installed on a pivot suppert, i.e, when the points of support of the weapon do not
l " move in relation %o the airplane,
In turret installations, in which the piece moves harizontally with the turret
at all points, such & simple means of harizontal stabilization is impossible, In
_, such case, what is used is either a gear system or a flexible shaft, The use of &
. . flexible shaft simplifies the design.
: To stabilize the actual speed indicator lath when the piece is shifted harie~
‘“’i sontally, en indentstion is made on the staticnary ring of the turret, along which
- ‘l gear moves when the mobile ring rotates, and the gear transmits its rotation to
tﬂlofllﬁ.bl. shaft, The actusl speed indicator lath is fixed rigidly to a werm
from.u, the worm shaft turns the worm wheel, together with the speed indicatar uu.

o ‘1.n a direction oppou.u ‘to that of the rotation of the turret; while leaving the
N

2
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lath parallel to the for and aft axis.

we will content curseives for the moment with this description of t he general
principlss of the stabilization of the actual speed indicator lath, since we will
have occasion to retura to the subject when describing asrial sights.

Thus, we have managed so far to overcome, more or less sucessfally, all the

" difficulties we have encountered, without burdening the gunner with a single complex

problea when f£iring upon stationary targots, His skili so ixx nesGed Vo consEsv
only in correcily aimiig the sight axis oatc ths texrgets The ramaining nroblems are

taken care of by the sight.
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Chapter VIII

EFFECTS OF ALTITUDE AND POSITION ANGLE ON
TRAJECTCRY FORM AND HOW ALLOWAKRCE IS MADE
F(R THESE EFFECTS IN AERIAL CUNNERY

FPiring Affects the !m of the Trajsctory, and Should Allowance

be Made for Changes in Flight Altitude in Aerial Gunnery?

One of the characteristic features of serial firing, as we have already noted

earlisr, is that it takes place within a wide range of altitudes. The firing air-
_plane may be close to the groundwttadistameofﬂtolShmmits surface,
Air resistance depends on air density, and air density decreases with altitude,
This means that, as the altitude of firing increases, air resistance diminishes and,
by the same token, & projectile will travel further at a high altitude than it will
" at & lower one. Since the projectile will drop because of the pull of gravity for
about an equal distance in equal time imtervals at either altitude, the shape of the
trajectory will be more flattened st tha higher altitede than at the lower, As
" altitude is increased, the trajectory levels out and range of fire increases, To
" maintain constamt the range at which the path of the trajectory crosses the sight
: in:ll, it is necesssry to diminish the angle of sight as altitude is increased,
_ In practice, then, should the angle of sight be modified in sccordance with

:_ flight altitude?
— Calculation shows, and experissce confirms, that the constant angle of sight

! ‘igivon the gun is entirely adequate for hitting the target at all altitudes and all
5 . combat ranges, without any correstion of the angle of sight being required.
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—Fig. 91, Variation of trajectory form as a function of firing altitude. Tc maine
) tain range, it is necessary to decrease sighting angle.

_She How Position Angle Affects Trajectory Farm

We have also previously had occasion to note another special feature of aerial
__firing, which is that fire is not generally directed at a target in the same hori-
: fxonttl plans &8s the one in which the attacking airplane is zituated, but may be
‘- either above or below ite

po—

- When the angle of positien varies, the form of the trajectory changes more
fi‘jaignﬂicmtly than it does with altitidde. This is explainable by the fact that the

j'full of gravity affects differenily a projectile relessed at a small angle to the
"jbdrison than it does one rsleased at a largsr one.
15 If the projectile is travelling at an angls to the harison, the force of gravily

1

...1* 1
S%—acting on the center of ite miss may be sesn 8s consisting of two component farces: '
”:}m oriented ulong the axis of the projectile, ard the other perpendicular to i, i

! i
’-&v‘fmc-.omm is perpendicular to the axis of the projectile acts to curve ﬂw{

56__,?,.35““_“.@“5.“11., and the greater its magnitude, the more arched is the path, ;‘

H
= |
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q €,=0 ~
E,< E5<E;<E,

a/=0 q/>q) qr>q qF>q" 979

Fige 92, As the angle of position docreases, the gravity component increases and
7 causes curvature of trajectory of projectile,

€%0 z: 40 60 80

:_‘fru..,sa._ _As_the sngle of position incresses, trajechory flattens and firing range

incresses.

.28
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When a projectile is released upward vertically, the entire pull of gravity ie
directed along the axis of the projectile, and the component perpendicular to that _
axis is lacking. There is therefore no force to produce curvature, and the trajectay

_of the projectile will be rectilinsar,

When the projectile is released horigontally, the sntire pull of gravity is
directed toward curving the path of the shell, and the curvature of the trajectary
will be at its wost pronouncéd.

The more pronounced the curvature of the trajectory, the amaller the distance

_ &t which it will crosa the sight axis. This meane thet am the ansla of position 2o
increased, the trajectory will tend to cross the sight axis further, and will rige

__higher ebove the sight axis and line of sight, It will be noted that, since there
exists an angle between the bore axis and the sight axis, and that the bare 1is

~ oriented upward in releticn tc the sight axis, directing the sight axis vertically
upward will cause the projectiles to travel backward over the gunneris head, To

. maintain the range at which the trajectory crosses the line of sight or the sight

. axis when angle of position increases, it is necessary to decreass the sighting

- angle.

The problem of introducing the necessary correctiocn for variastions in position
_ angle may, of course, be handed to the gunner, but we will attempt to find & solutim

' '; for it in ancther way.
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..Fig, 94 If the sight axis of a boresighted piece ir directed vertically upward,

- The projectile will travel backward over the guaner 's head.

Fige 95¢ To maintain range while ine
creasing the angle of position, it is
necessary to decrease sighting angle,

27
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55, How Allowence Is Made for the Effect of Variations in the Angle of Positionm
in Aerial Ounnery

The effect of variations in the angle of position of the target is albwed far
_' by means of & special device in the sight, which automatically corrects the sighting
anglee To obtain a clear idea of the operation of this device, let us exsmine the

Direction
of Flight

Fig. 96, Principle of design of FMP~6 sight.

: design of the sight PNP-6,
A significant difference between this sight and others so far examined 1s the
ravu-sod position of the sight triangle and the triangle of velocities, 1.e, tctval
spoediaﬂlwodfa-bynodncnotmfmwond of the sight axis, butth.m

|
end, and the sight post itgelf is situsted aft of the sight ring. The sight post |
- ux! sight ring sre fastened to two tolucoping shafts, sc that the distance bchml

v‘mpmmm-wbevlﬁod. mmu-mchtaomunmndnm

i
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. on a socket, which allows its rotation both in the horizontel and vertical planes,
whereas the shaft bearing the eight post rests on a ball-and-sooket Joint with which
the actual speed indicator lath is provided, If the distance between the axis of
rotation of the actual speed indicetor lath and the vertical axis of the farward
socket is equal, at a certain scale, to the vector of relative initial velocity, and
if the distance betwasn the vertical axis of the ball-andesocket Joint and the axis
of rotation of the indicator lath equals the vector of own actual speed, then the
distance between the aight post and the ring will equal the vectar of sbsolute
initial velocity, When the piece turns in the horisontal plane, the indicator lath
remalns parallel to the fore and aft axis, being acted upon by a gear (engaging the
cogs of the fixed turret ring), a flexible shaft and a worm tranemission, In the

 process, the telescoping shafts came togsther or move apart, while the vector of
absolute initial velocity is formed in the sight correctly, both in respect to

‘magnitude and oriemtation. 4 special articulating parallelogram serves to stabilize
the actual speed indicator lath when the piece turns vertically, maintaining the lath
in a horizontal position. The support of the ball-end-socket Joint, from whose

_ center the distance to the plans of the triangle of velocities describes, st a specific

. scale, gravity drop for a given boresighting, thus always remains verticale

The distance from the harizontal axis of the forward socket to the center of
—the ring, and that from the center of the ball-and-socket joimt of the indicator lath

: %o the center of the sight bead are equal. The sight bead is elevated above the
"";plme of the triangle of velocities in such a way that an &ngle is formed between
l‘{_:,"v‘tho sight sxis and the bore axis, and that this angle equals the angle of sight.
o When the sight sxis is horisomtsl, the sxis of the suppart of the ball-and-

lockot Joint coincides with that of the sight post. The sight bead is then at its

]

rid:eat elevation sbove the bore axis, and the sighting angle then is at its greatest

wiﬁiﬁto

i When the angle of position of the target increases, i.e, when the bare is ime |
N

29
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clined“upward, the telescoping shafts of the sight will rice and become inclined
together with the bore, but since the suppprt of the ball-endwesocket joint remains
vertical, the axis of the sight post will incline from the center of the ball-ande
socket joint, the sight besd will approach the bore axis, sight elevetion will
_decrease, and consequently, the angle of sighting will likewise diminish, When the

“bore is pointing vertically upward, the axis of the support of the ball-and-socket

‘;]oint will be parallel to the bore axis, the ball-and—socket Joint itself and the
forward sockst will be equidistant from the bore axis, sight elevation will equal
zZero, amd ‘he angie of ‘sighting will therefore also equal sereo, In such a case,

the sight axis will parallel the bore axis.

oLyree,>ee3=0

=9}
e

structing sighting angle for various angies of position,

For negative angles of position, the operation of the sighting mechanism will
" Tve the same, only the buckling st the ball-and-gocket joint will be in the opposite ‘

In this manner, it is possible to build into the sighting methaniem the sutew

.30
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matic decrease of the sighting angle
corresponding to the increase of the
angle of position, It may be shown
mathematically that, for any given angle
. of position, the sighting angle formed
Lire to Horizon by the sight will be the one required.
Sighting Thus, the new factar that hed to

Angle

“7ﬁ LB/ be taken into account has not complie

S cated the job of the gummer, and the
" sight has again solved the problem,
Fig. 98, Constructing sighting angle with We have exsmined nmesrly all of the
with sight of type PMP-6, important factors affecting the vele-
city and the form of the trajectory of
_ the projectile, We now know how to aim at a stationary target from an airplane in
flight, how the sight allows for various factors affecting trajectcry form, what
_ factcrs are accounted for by boresighting the piece on the ground, and how bere-
sighting is done. We will now proceed to find cut how to fire on & real aerial
B ‘target, nsmely, an enewmy airplane. Such targets are in motion, and possess high
: ©velocities., These velocities must be taken imto account, and while all the problems

“ “previocusly presented could be solved by means of the sight, now we will have to rely

“on the knowledge and skill of the gunners
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Chapter IX

HON TARGET VELOCITY IS TAKEN INTO ACCOUNT
IN AERIAL GUNNERY

56+ _General Features of Aerial Fir on & M Target.,

The Correction Tri

At the beginning of the book, we noted those features that are peculisr to

aarial fire. == sopcsed 4 ground irs, and law {irst of these was tne high velo=

_city of aerial targets,

'_ (F, (=

N =T

Cor;;/c%
( TriangLZD

Fig. 99, Correction triangle.

This feature precludes the poesibility of aiming and firing directly at the
targei, and makes it necessary to set forward the point of aim in the direction of
j:otion of the target, This is called setting forward the aim on a roving target

“!Knx. 99).

—_4 At the moment of firing, the gumner sees the target in direction Gi. at a

a. at

32
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‘ 1s called the initial point, and the distance to the target OA, =D, ia termed the

. initisl range. To set forward the point of aim, it 1s very important to consider

‘ the direction of target motion relative to the gumer, This direction is fully

- determined by the angle formed by the course of the target Aghy, 1.0. the path

‘ followed by the target, and the line of aim to the target O, &t the mament of fire.
“ fhis angle s called the target angle, and is designated by the lstter q.

In the intervsl that the projectile is in flight, the target will have had time
to move a certain distance A Ay = Le Point Ay, at which the projectile hits the
" 4amget, im sglled the future position or set forward poim%, while the distance ighy,
covered by the target while the projectile is in flight (the distance between the

. initial point and the set forward point) is called the linear lesd, Line OA,, con-

" necting the point of releass O to the initial point is called the initial line of

sight, while line QA,, connecting the point of release to the set forward point,

" 1s called the set forward line of sight.

Bal_listic
Triangle

]

Plane of sight of
piece to horizon

Triangle of
Velocities

General disgram of aerial firing.
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The triangle GhoA,, formed by the initial line of sight, the linear lead, and
J the set forward line of sight, is called the correoction triangle.

The AOhy = ‘{” at which the gunner sees linear lead, or, im other terms, the
angle formed by the initial amd set forwsrd lines of sight, is called the lead angim
(Fis- 100).

To hit the target, it is necessary to set the piece at the mament of fire in
such a manner that the trajectory of the projectile pass through the set forward
point Aye For this, it is required that the absolute initial velocity of the pro-

""" japtile ba ariented along line OA which forms the angle of sight with the set
forward line of sighte

We already know how the bore of the gun should be oriemied in such & case.

Our basic problem is to determine the position of the set forward point,

T 67, How to Find the Position of the Set Forward Poimt

— The set forward point is situated on the course of the target, or, in other
__ woerds, on the prolongation of the target's axis, At what distance from the target
' "'1 does thie point lie?

We already have some infoarmation on the subject. It lies at a distance from

k " the target equal tc the path traveled by the target during the flight of the pro-

_1 jectile, This means that we have to know the velocity of the target and the time

of night of the projectils from the point of releass to the point of impact, We
’do not know, as yst, how to find either of these, However, let us sssume for the
moment that we lkmow target velocity. How will we £ind the time of flight of the
.projuctﬂn?
If the projectile traveled at a con.ltmt velocity, it would be simple to de-
termine its time of flight, lmowing the range. Tt would then be enocugh to divide
the range of fire in meters hy the v.locity of the projectile in meters per uuna, {

ummuomm T
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However, the velocity of the projectile varies constantly, and the calculation
of its time of travel is highly complexe The theory of aerial gunnery provides us
with a way of finding the mean velocity of the projectile for a given range, which®,

_as we already know, that constant and imsginary velocity which would allow the prow -
. _Jectile to cover a given distance ih the same time interval as the projectile actually
: “ij‘;t.akea. Consequently, if we can determine the mcan velocity of the projectils, its

1

tine of flight is easy to find, when range is known:
-y
Ground artillery disposes of a number of ways for determining range, but our
' 7taak is complicated by the fact that what we need is the distance not to the target,
Bt W—but to the sst forward point, for it is to that point that the motion of the projecilie
: 'jis directed, and it is by ite range that the time of flight will be determined, We
'inre seeking to find the position of the poimt-of impact, and, for that purpose, we
M-«‘nnst know in advance the range to it, i.e., in other words, its position. This
_roaaouing therefore leads us into a blind alley. Even if we know the distance st
' "‘:-hich this imaginary point was located in relation to the target, we would still

" -:pot be in a position to determine its range.
_ The only way out of this situstion is to take the range to the set forward point
88 equal to the distance to the target at the mament of fire, which we can determine.
E ii;m:;, of course, introduces an erroar into the calculations, but there is no cther
"’f’"%olnticn-

- Thus, having determined the range to the target and knowing ths mesn velocity
t4—of the projectile, we can find the sppraximate iime interval of projectile flight.
46—How we may spproxisately indicate the position of the set forward point. If we
“8—fepresent the velocity of the target as vy,, linear lead, i.e. the distance along
504 axis of the target fram the latter to the set forward point will be
52— Levgd

54 ._1

W, by substituting for ¢ the valus t 'se , we get:
56 _. . S . }

N S ———
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a
L= ;;.D . |
In caloulations, either formula REy be uscd, since there exist ready-made tables
giving projectile time of flight for various ranges as well as mean projectile veloe
_citios.
Another wey of finding the position of the set fTorward point msy be indicated
here: it is the angular method, besed on the determination of the lead angle,
If we can find the opening of the lead angle, then, by inclining the sight axis
. from target direction at that angle in the direction of target motion, we will therdy
“be aiming it at the met forward point, am, firing from a boresighted piece, we will
have the projectile pass through that poinmt,
- The lead angle is easily found fro= the well kmown theary of sinuses of trigo=
) nametrys:

sinw _sin g ,
-—r.f
 Substituting v, p for L, we get:
- Var Yu
sin ¥ = '—'n' sin q.
The lead angle is generally nol large, since linear lead is many times smaller
. than range of fire, Therefore, in accordance with trigonometric practice, it is
poesiblo to substitute for the sinus of this small angle the angle itself in rads,

© -1.e. to Writes
_ -
¥ =~;:rnin q [Tads 7,

Converting rads into mils, we get:
LY"-moo—-inq[-;u.-]

!’bofern:lnfortboludangloditf.rlﬁ-olthatrwlimclndinthnl:l.nq'

takes the place of D, i

H
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58, Can the Gunner Determins Exac and Use Linear or ar lLeed?

To answer this question, we must first find out what linear or anguler lead
" depend on,
We have the following formula for linear lead:
L= 5‘:‘;»
7o find the value for linesr lead in meters, we must know target velocity and
iho mean velocity of the projectile for a given range of fire in meters per second,
“as well as the range to the target in meters.,
The gunner does not have the slightest pozsibility of determining target velo=
“eity, since he may observe only its relative displacement, and his estimation of
“both the magnitude and diraction of this velocity will be incorrect, The mean pro=
" “jectile velocity depends on the range of fire, on the altitude at which the firing
“',:,takes place, and on the absclute initial velocity of the projectile, The range to
j,_p.e target mst aleo be found, It is understandable that the gunner is in no positin
"o take all these factors imto account snd to caleulate the desired linear lesd,
For the lead angle, we have the formula:

v,
uffgv..i‘..looo gin q.
=

forxula is even more complex, since in addition to having to determine all the

linear method, it is necessary to find the target angle and

— Thus, we come to the conclusion that it is too much to expect of the gunner to ,
S t !
f}m an exact solutidn to the problem of determining linear or angular lead, and

54

—Yelocity. B
56 4 o

52
%porhplnmtpprahﬂobutlnpmummnbolmttoﬂwfwwm
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Vel?f_i_ty of Tatge:_ v
Absolute Initial Velocity *
7

y of atmosphere at
; altitude of firing
Ty e ==

Relative Angle-off of _P_i;e
Initial Velocity ==
Actual Speea

| allistic coefficient
{Determined D) =" of projectile
efficientX 7 :

sphere at

tude ofv f{{\‘éﬁ

~ Relative
Initial Velocit

a8
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It is this problem we will attewpt to solve in the paragraphs that follow.

, 523 How the Prcblem of sgﬂti_n‘ is Simplified in the Linear Method of Allm for
 Target Velocity

A glance at the formula for linear lead might suggest that linear lead 18 di-

" rectly proportional to Trange. However, this is not precisely correct., The mean
velocity of the projectile forming the
denaminator of the farmula, depends in turn

1000 r—_\//7{}-’> ©h renge of fire, and decreases as rance ia’

! '/ increased, Thus, for instance, if for &
. range of 100 m linear lead equale 30 m, far
t is sufficiently

accurate, for a range of 200 & it will be not 60 m, as
APractical purposes,

that linear lead js  one might expect if it were directly pro-

Proportional

to range pertional, but scwewhat greater, as result
of a decrease in mean velocity, Therefore,
it is said that, as range is increassd,

linear lead for a given target velocity

increases in a progression, i.e. more rlpid"-
- ly than range. In practice, and at the f
t Fig. 103, Linear lead increases gradu- ranges of aerial fire, this progression is
- ally as range is increased. negligidle, and linear lead msy be con- ;
sidered as directly propartional to range, |
The effect of altitude ©n mean velocity, and therefare on the magnitude of [‘
ar lead, is negligible, f
Target velocity, as we have already pointed cut, camot be determined exactly '
the gummer, It has tc be estiutodﬁ‘dth.typo Mlkumtcmohthtum; .
,,Pelongs, Aerial combet, as & rule, tekes place st mexiwam Speeds, Therefere, if !
qéﬁm given enemy plane 1s known, it may be aseumed that in aerial
i — . . S

39

N LR b33 4int g

|
!
!
|
J
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" _combat, 1t 1s traveling st that very speed.
This means that, to detormine target velocity, the gunner must study enemy air-
oraft and know how to recognive their type and, consequently, their maximum speed,
The speeds of modern pursuit planee vary insignificantly from type to type.
" Likewise, the speeds of varicus typee of bambers and transport planes differ little
" within each class. It is thus poseible tc assume, for exsmple, that sll fighters
have speeds of 700 km/hr, all bombers spseds of 500 km/hr, and all Lrancpari planes '
spoeds of 250 km/hre The airborne gunner has then only to deternine what class of
' rind

P S ey e LR PPN
Sut FUSLLST Whc cnemy pirane Ue1LEgDs

_ in the class of fighters, bombers or cargo planes,

Now that we have solved these particular problems, we may proceed to the matter
 of caleulating linesr lead,

Since we have agreed to considsr linear lead as properiionali to range, to
" categarize target velocities imto three groups according to target type; and to
__neglect the effect of altitude cn the magnitude of linear lead, we msy solve the
o problem in the following manner.

‘ We will calculate linear leed for each clase of airplane for a range of 100 m,

i camputing mean projectile velocity for a range of 100 m at an average flight alti-

" tude, for example, LOOO ms Then, once we know linear lead faor each claszs of aire

v__.ph.m at & rangs of 100m, it will be simple to campute it for any given range of

ﬁ.ro The lead to be allowed for in firimg will be as many times greatsr or lesser
_'thmthltfornrtngeetlmuuthnra.nptothotugetwﬂlbogreatc or lesser
. than 100 me

If, for exsmple, when firing at fighters, linear lead for a range of 100 m

;-onmtoﬁl,thnlt.r&ngeonOOnitwﬂlboSOl,atnrln;eofB(n-,?Sq“
i ]

and se¢ forth, 1.0.umwtmluZS-“rwhmcwtmloo-,crun:v;l

I times as ome hundred meters ocour in the ranse,

¥ow & new pﬂblﬁ u-!.ul, ‘that of uttinz forward in pnctico the future

ko
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‘position to the distance awsy from the target that has been computeds The target
may be situated at varying distances from the gunner, and the lead distance will

vary in apparent sisze, seening greater as the range to the target is smaller, and

smaller as the range is greater., In additiom, the target mey be moving in a di-

" rection perpendicular to the line of sight, or st any other angle in relatiom to it,
“1,e. the target angle may vary considerably, When the target moves perpeddicularly
“to the line of aim, linear lead will be visible at its entire length; when it moves

at angle, linear lead will appear shortened, and its seeming magnitude will seem lesm
I# we hews o astimate some distance. we always use some unit of measurement,
“In this case, tae distance to bé measured is rar away ITrom the observers The measure

" we may use in this particular situation is the length of the fuselage of our terget.

) . Foreshortening 1/4
Fofeshortening 4/4 -
LN
DNRNGN
& l‘)(;‘}'\. :
P P BN

.. Foreshortenﬁlg 2/ 4
Foreshortening 3/4 :

NGNS .
B o Lot

o :—f'v..—v‘vﬂ': )

"c\—\\g <a hY

i
= Tig. 104, The mmber of fuselage lengths to which future position may be carried is;

S

positicn,

i
i independent, for practical purposes, of the terget’s angls of

n
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If, for exsmple, the linear lead to be allowed for is 30 m, while the length of the
) jfuselago of the target squals 10 m, we allow for the distance required if wu carry
 the point of aim 3 fuselage lengths farward from the noss of the target along itfs
: .. fore and aft axis, '
- It may be calculated in advance how many fuselage lengths the point of aim must

" “'be mowed when firing at a range of 100 m at a given clase of sircraft, and then this

number of fuselage lengths may be increased or decreased for different ranges, de-
' pending on how many times the range of fire emceeds or is inferior to 100 pe

nsing this method, since the apparent length of the fuselage will decreass to the

_.ssme extent as tiie apparent lesd distance. Therefers, the apparent lead will contaln

The angle of position of the target has no bearing on the problem when one is

) “ the same mumber of apparent fuselages as when the angle of position equals 90 degrees,
‘ * The sighting method whereby the set forward point is found by using the fuselage
" length of the target as & umit of measure 1s called fuselage ranging.
) When firing at a range of 100 m, the following lead distances should be used
__for modern ajrplanes:
- For jet fighters 3 fuselage lengthe
For conventional fighters 2 fuselage lengths
For medium bambers 1.5 fuselage lengths
For trarcsports 3/k of a fuselage length.
Thus, in fuselage ranging, one must remember how many fuselage lengths to carry;
‘(":th. point of aim when firing at a range of 100 m for each clase of aircraft, and i

.

lperfarm the fallowing operstiomss

= deterasine the class to which the target belongs

= dstermine, in some mammer, range to target in hundreds of meters

= multiply the number of fuselage lengths in the lead distance far that class
of target and a range of 100 n by the mmber of hundreds of meters in the

iz
+3o

e

Tange

i
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#=nDygy
Calculate future position
by mltiplying the coef-
i{iciemi ¥ by disiance in
hundreds of meters
Determine type of

target and class
Determine distance
to target in hundreds
of meters

. . Wheh target is at calculated
. - 1 - s

S1' 1ft‘sxéﬂxt so that sxghr. axs future position in relation

is pointing to crosshairs to crosshzirs, open fire

Fig. 105, Sequence of operations in fuselage ranginge

el

L_LJ._L

@
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= using the size of the fusslage of the target as a unit of measurs, carry out
the point of aim along the axis of the target to the required mumber of fuse-
lage lengths and open fire.
In fuselage ranging, the gunner must determine with the utmost accuracy the
lgrange to the targete An error in range determination of 100 m entails, when firing
1 * on a jet-powered pursuit plane, an error in lead estimate of 3 fuselage lengthe,
1.6, about 30 m, and, when firing on a bamber; an errar of 2 fuselage lengths, i.e,
again about 30 ms Good training is required to interpolate by eye the needed munber
: __ of fuselage lengths.
As may be seen, this method of sighting is carried out entirely by eye. The

;gunncr needs no auxiliary mechanisas to allow for ihe required lead. The axis of

_A sight is simply aimed at the set forward point when it is located.

Aiming by eye involves, without doubt, large errors, For this reason, fuselage
= ranging is used only when the design of the sight does not admit of any other wayse
Let us now examine some other methods of sightinge

.60, How ths Problem of Sighting is Simplified in the Angular Method of Aliowing for
arget Velocity

T To find possible means of simplifying the problem of sighting in the angular
'—:.‘imethod of allowing for target velocity, let us turn again to the forwula for the
‘ aflead angles

" vt
T 21000 =<® sin a.
Ver

Classifying all aircraft into catcgou;'iea, as in the preceding section, we may

| campute m.dnmotn.mhermoo;ﬁ! of the formula far each class of aircraft
for a given piece and for certain mﬁ:conditiam of firee

When firing, it will be enough simply to multiply this given figure by the

24| sinus.-of the target. angle., But therein lies the complexity of the problem,

- . Hem_1s this problem solved?

M
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In firing at & target, located at a given range, the magnitude of linear lead

‘; does not depard on target angle, and will be constant regardless of the direction
in which the target is moving. However, the opening of the .lead" angle will vary
. and depend on the tirget angle. When the target angle equals S0 degrees, the lead

" angle will have its greatest opening, whereas st target sngles of O and 180 degrees,
s

Zit will equal sero, The smaller the apparent value of linear lead, the smaller the
ilead anglee
The zims of the target angle characterizes the apparent shortening of lineder

" " lead for target angles differing from 50 degrees.

- In discussing {uSelags Tangitgy wo aiccady Lel OSCESiON VO SWave Wiav wne

- . apparent shortening of linear lead will be the same as the apparent shortening of

" the fuselage of the targete Therefore, we may say that the simus of the target

angle charscterizes the apparent shartening of target fuselage length for target

- angles other than 90 degrees.

@< <P<¢,

4

to 90 degrees, then decreases.

.-hS
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The apparent shortening of the fuselage of the target as a result of its incli-
:nation relative to the line of sight is called the foreshortening of the target, The
: " ‘numerical value of foreshortening is that of ths sinus of the target angle,

-lw vid = ly cos (90-q) = IW sin q

lg vid ly vid
v —%—— = sin g
?

__Fig. 107« The foreshortening of the targst is the appareant reduction of the length
" “.of the fuselage as the result of its inclination relative to the line of sighte

Experience showe that the gunner may learn to determine foreshertening to an
.. accuracy of 1/k or, in other werds, to estimate directly the sims of the angle of
target without having first to determine the target angle itself, What do we mean

I
==
'
|

_jwhon we s&y "foreshortening squals 1/h"? We mean that the simus of the target angle

25 jequ.lu one quarter; which, in turn, :uiiicnteu that the gunner sces cne quarter of

__|the length of the target fuselage, 4 foreshortening of 2/4 means that the gunner
sees 2/U , 1,2, one half of the length of the target's fuselage, etc,

$1_ | In the first case, the gunner sees the fuselage four times emaller, and in the (
|second case, one half as large as it would normally appesr, Therefors, to determims:
| Zoreshortening it ie snough to imagine thp fuselage at its full length and then !
_lestimate what proportion of the actual length is visible,

Target foreshortenings of O/k, 1/h, 2!/u, 3/4 and b/l correspond, respectively, |
to target sngles of: O and 180 degrees; 15 and 165 degrees; 30 and 150 ,éemez_:__&g

|and 130 degrees; and 90 degreess . . !

"

i
i
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This axy be shown as follmg
8in O degrees = sin 180 degrees ® ar O/h
0in 1S degrees ® sin 165 degress m 0,295 0.25 or 1/
sin 30 degrees ®& sin 150 degrees &= 0.5 or 2/h
sin 5D degrees ® sin 130 degress B 0.76610,75 o 3/h
sin 90 degrees 81 o b/l

Thus, to determine lead angle when firing upon aircraft belonging to any par=

“ticular class of targets, it is nscessary to estimate its foreshortening and to
¢ “rmultiply the lead calculated in advance for that class of targets by the foreshorten=

" “ing o This gives the lead angle in milse

When using this method of sighting,
the gunner is required to rapidly and ac-
curately determine fcreshorteaings. This
ability is acquired by lengthy and system~
atic training with the aid of special
devices, which incorporate in their desigs
airplane n@ls which may be turmed around
80 as tc be seen with various foreshortene
ings, Special tables, drasn up for varieus
types of enemy planes, m3y also be used to:
learn the zppearance of various degrees of -
foreshorteninge

We now know how to find the lead

angle, How then shall we use this angle ‘
Fig. 108, Device used in training to de- to move the point of aim relstive to the
ternine foreshortening, ‘target? The gunner obviously needs some

kind of instrument to measure angles, This

protracter, sgain, is built into the sight. Let us examine the principles used in

-

"
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Foreshortened views
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Foreshortened views I
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Target’s angles of position
Fig. 110, Table giving foreshortened views of bomber pline.
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|61, Principles of Design of Aerial Fing-Type Gunsight

The required lead angle may be formed in two different ways,
The first is te use rules which are hinged together and made to slide over a
graduated arc. The second ia by means of a segaent of arbitrary lemgth, set in a

" direction perpendicular to the line of sight at an accurately detﬁrnine;l distance.

. away froa the eye,
Let us assume that, to form the lead angle, we are making use of the protracte

Fig. 111, Constructing lead angle by mecans of two rules,

| absclute initial velocity by means of thewctorial mechaniem of the sight, while

2— the other may iove away frcely from it to the right and to the left, '1‘«:‘&'&::!.3.«1#2].§
_ I

_wmmvimm.um.émnm of a sight bead and a pipper, |
'To allaw setting the desire angle by means of the movable rule relative to the . |

Vo 4 P 8 g 4 A sl Wbt s

-50

[
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__fixed rule, the arc is graduated in mils.

If, when firing, we set the movable ruls at an angle equal to the lead angle as!
‘determined, and oriemt it toward a target in level flight by means of the sighting
installation, the sbsalute initial velocity of the projectile will be oriented to
" the set forward point. In this manner, by keeping the movable rule on the target,

. "we may fire knowing that the projectiles will pase through the get forward point, o'
” _ the condition, of course, that the plece has been boresighted, i.e. that the line of
aim passing throughk the pipper and the sight bead is inclined dowrsard and farms the
"“ " sighting angle with the bore eaxie.
) We have remarked that the required lead could be thus sllowed for on the conw
8 7 dition that the target be in level flight, It is also assumed that the gunner's own
- plene is in horizontal flight.
When fire is opened on the target, the latter's fore end aft axis msy, in actu-

" ality, be oriented in any number of directicns, The device described may be used

, ___'i if the plane containing the angle formed by the two rules may be set in such a way

> 3
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that the fore and aft axis of the target plane is in the same plane, i.e., the mostile
rule must be able to turn around the fixed rule as an sxis, This rule wil) there-
fore describe a cone in space for any given lead angle and for varying orientations '
of target motion. This cone is termed the cone of sight, Since the movable rule

" is directed aleng the initial line of sight, while the fixed one coincides with the
" set forward line of sight, it may be said that the cone of sight is the cone dew

scribed by the plame of the correction trisngle rotating on the set forward line of
sight, For each foreshortening of the target, the sight must construct a different

coge of sight, Our hinmsed engle formed by tumc rulss cammod SSEplev

T problem of sighting on an aeriel target in motion, since as the movable rule turns,

__ the pipper and sight bead will likewise beccme inelined, and the boresighting of the
_ piece will fail to remain effective, For this reason; practice requires the use of
: another device, in which the segment of a right 1line, rather than an angle, is used

88 a measure of the lead angle.

Ag the movable rule rotates freely around the fixed o, its sziremkty descrile

a circumference around the fixed rule. The radius of this circumference equals the

distance from the free extremity of the mcvable rule to the fixed one along a per-
__ pendicular to the latter.

If we now replace this imaginary circumference by a ring, and place the sight
_ besd 1n the position of the hinge of the two rules, it is obviocus that any right
- line comnecting the sight bead to the ciroumfersnce of the ring will be the gens-
. ratrix of the come of sight. In sighting, it will therefore be sufficient to set . ‘
’ the pilece in such a way that the target be on 8 straight line comnecting the sight ;
__< bead and the ring, and that its axis be ariented toward the center of the ring, :
! In the device we thus obtain, the radius of the ring becomes a measure of lold.;
i angles The greater thé radius of the ring, or the smaller the distance between thoj
’sightbead and the ring, the more cpen the angle formed by our device. Thie means

i

that, for & given distance between the sight bead and the ring, the radius of the

52_
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b

ring will correspond to a definite lead angle.

K Fig. 113, Dependence of lead angle on Fige 114, Principle of sighting through

sight base and radius of ring. ring sighte
"~ a = as sight base is decreased, lead
angle incressesy b = as radius of ring

is increased, lead angle also increases,

It would be possible to compute in advance for each class of zircraft the load
' angles corresponding to 1/h, 2/l, 3/ and L/L foreshortened views, and set up four
entric rings for these angles in suck = wzy that sach ring correspond to 2

; particular foreshortening. In sighting, it would then be enocugh to determine the '
H
foreshortening of the target and to set the target on the corresponding ring, whilc:

orienting its axis toward the ring's cenf.or. This would solve the problem of l
allowing for target velocity, But even ii" all targets are divided into two clauoi

—the sight would have to contain 8 rings. 7These rings would crowd the field of |

= e - ) Ny o e  r man - e e Pt sy - -
.. iaich, and the guoher w in & o fas: y o

A Yo
qa ve GEng e SORL WS ths pur
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the ringe. -
In practice, things are done otherwise, For each class of targete, one ring

is provided;, corresponding to a foreshortening of 2/h. If the target 1s seen in

a 1/L view, the target is set at half the radius of the corresponding ring. If it~
" " is seen at L4/h, the target is set outside of the ring, at a distance egualling cne

' " ring radius. Finally, if the target appears in 3/l view, it is also set beyond the ‘

"~ ring, but at a distance of one half of the ring radius.

Ring: signts generalily have iwo ringve

———— —— \
Lead angle scaled

for pursuit plane
Sight Post ’

Fig. 115, General diagram of mechanical ring sight.

| bombers having speeds of 40O km/hr; the other is intended for sighting on pursuit

| planes with speeds of 600 km/hr.

The leads allowed for the volocitiu? of these targets and, therefore, the radi;l
_!of the rings, are computed for certain av}erlgo conditions of fire and a definite
absolute initial projectile velocity. Io‘}rﬂ.l became acquainted with the rules utli

techniques of sighting in Chapter XI, where we examine the design of cervain ierii.'l.i

sighte, 7 ‘ |
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Chapter X

FIRING ON GROUKD TARCETS FRQM THE AIR

" 62, _How the Velocity of the Ground Terget Is Tsken into Account

Ground targets are possessed of considerably smaller velocities then aerial
targets, but they are usually fired upon at greater ranges, i Ranges of fire on growd
targets are ususlly between 600 and 1200 m, and are therefore aspproximately twice
as large as those involved in aerizl fire., In firing from strafing or pursuit alre
craft, the piece is aimed with the body of the airplane and the plane files straight

 at the target. In aerial combat, pursuit planes usually attempt to approach the

) target fram the rear, come within as close range as possible, and then only open

fire, If a fighter is successful in executing this maneuver, he has sufficient time

for firing, since the attacker and the sttacked are moving in the same direction,

 and tho galn of the one on the other is negligibles When firing from & bowber at

an attacking fighter, the gunner likewlse has sufficiemt time to aim and fire, An

' axeeption to this is fire from opposite courses, when, in order to fire for as

i short a time interval as one second, & modern interceptor must open fire at a range

_. of 2500 to 3000 m.

32—

When firing on a ground target, the pilot directs his plane at the target

| and dives at it; the target and the ground move towsrd him at the speed at which

his plane is divinge, If the plane has a ‘speod of s&y, 150 m per second, then each

second spent in aiming and firing brings pho plane 150 m closer to the target.

Furthermore, to bring the plene out of the dive, it is mecessary to have available |

a reserve of altitude of 200 to 300 m, since, on coming out of the dive, the air-

. plane loses altitude and, if the reserve is insufficient, runs the risk of collid
.|.with the ground. Therefore, if the plane began its dive on the target froas a range!
| of, say, 1500 m, its guns will be bearing on the target for only $00 to 1000 m, _

-
P
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which he will cover in 6 to 7 seconds, In that time interval, he will have to sigh,
fire a saivo, introduce corrections on the basis of tracers and points of impact,
and fire the salvo which will strike the target, At thc moment he ceases fire and
.- comee out of the dive, he will be separated fromthe target by a distance of 40O to
: 500 ms For this reason, fire upca ground targets must be opened at considersble
g ranges, '
The greater the range, the longer the time of flight of the projectile and the
longer the distance traveled by the target in that interval,
If the target moves even at the relatively low velocity of 10 m per second,
" and 1f the time of flight of the projectile is of omly 1 second, the target will
: have had time to move 10 m from its initial position.
‘ This means that an allowance must be made for target velocity in air to ground

fire.

Allowance for ground target velocity may be made on the same principles as that
. for aerial tergets. It should be pointed out at the outset that the angular method
: of allowing for ground target velocity is difficult to apply under combat ccnditimé
because the lead angle, in air to ground fire, depends on the angle of dive, and the
; latter may turn out to be quite different from the one intended before the attack.
. For this reason, the angular method of sighting may be recommended for fire only ‘
i‘ on ground targets of a type which may be approached by the pilot at an aititude

o already determined in advance, and attacked at an angle of dive known beforehand,

i.e. only when the lcad angle may be computed in advance. ;

In firing upon ground targets, fuselage ranging is generally used., Lead for »
| target velocity is found in the same manner as when firing upon serial targsts, |
. 1.0, 1f target velocity equals Vo and the time of flight of the projectile is

|

i !

$, linear lead for that velocity will bes ;
i

L SVt

The dimensions of the target are again used to scale linear lead, If the

56M

Sanitized Copy Aj ved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1




Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

"I 7ig, 117, The velocity of a ground target when firing from the air is allowed for |
by fuselage ranging.

ST
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! _length of the target equals 1, lead may be expressed as follows in terms of target

dimensions
Vgt
n= E‘-. ans i

b 3 1
Lead is calculated for the range at which fire is opened, i,e. maximum lead is
luowod for at the 1nit:l.al mament of fire, and is progressively decreased in the

; ! '
course of the attack, corrections being made on the basis of shell traces and vieitle.

“impacis,
Lead 3n units of Largst siss for & given range, when the target is known, may

. "‘be computed in advance before take-off., When attacking, fire should be then opsned

~ _at that range.

- 63+ _Allowance for ¥ind in Fire on Ground Targets

In aerial fire upon an airborne target, wind is of no significance, In air to :
groo.nd fire; it is an important factor, If wind velocity is represented as U,
the linear deflection of the projectile C at the target will bes
C = Ut.
¢ Consequently, the point of aim must be carried inmto the wind to that distance

:to have the projectiles hit the target, To ccapute correction for wind, target size

<y .18 again used as a unit of scale,

[

1 To allow both for target and wind velocity at the same time, the point of aim

.,;2“119 first carried forward along the direction of motion of the target to a distance
i eqt;llling linear lead; then the sight axis is shifted windward to the correct dee

,{fz]nectiom distance. Target size is used as a unit of measurement in both cases.
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Chapter XI

AERIAL RING-TYPE GUNSIGHTS
THEIR DESIGN AND OPERATION

. 6hs _Principle of Design of Collimator Sight

An aerial gunsight is a complex and accurate instrument, combining mechanical
w; . and optical mechanisms and devices for reckoning with the ballistic properties of
s , projectile trajectory, owm actual speed, and the effects of angle of position and
S target velocity. In the course of their evolution, gunsights have incurred radical

changes, and the sights currently used differ greatly in design fram those first

. developed in aviations

N We will examine here only some of the sights used at the time of the second
o world ware. Among the most widely used in the air force are collimator gunsights,
, Before proceeding to examine the design of the instrument as a whole, let us cut~

line the principles underlying the design of the collimator sight.

e e L N T R Oy | &

The basic part of any sighting instrument is the device indicating the axis
" of sights As we have already seen, it is precisely in relation to this kiis that _
§ the piece has to be set at the required angles in the vertical and horizontal planeg
(..! to ensure the passage of the trajectory through the set forward point when the

sight axis is directed at that point.

1 .
g . _f

F

¥ig. 118, The passige of light rays through a lems, -

8.
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The sight sxis may be provided by means of a mechanical device or optically.

We are already acquainted with the simplest iron sight consisting of a sight post
“"and a ring with a pipper. Let us now see how it is possible to provide a sight nx:ln;
_or line of sight by means of an optical device,. :

Let us take a biconvex lens and place a point source of light at its focal

‘ point. Since, as the reader probsbly already knows, the focal point is the point

" at which all:1ight rays converge aiter tiheir refraciion LhFough the le@s, 13 nucy
ars directed he latter in the form of = parallel beam. If the rays originate
" at the focal poimt they will emerge from the lens in the form of a parallel besm
" following refraction(Fig. 118). If the eye is placed on the cther side of the lens,
"~ and we look through the lenms, a very narrow beam of all the light rays issuing from
. "“the lens will strike the eye, and we will mee the focal point F in the direction
i from which this beam will have reached our eyes. If the eye is placed in the positisn
8 _ shown in Fig. 118, it will see point F at infinity on the prolomgation of line 1A,
This means that the image of point F that the eye sees determines the position of
:_';a gpecific line of sight 1A, and that, if we place same object in the same position
;u lumincas point ¥, we will be oriemting the lime of sight 1A at that object. If
‘ “/the eye is moved in a direction perpendicular to the orientation of the light beam,
4% will receive other rays, but since all rays are parallel, the eye will see the h
‘point light source in the same direction, only slightly shifted from its initial
:position to a distance equal to that of the motion of the eye, The lems of a sight i
"|1a no larger than 5 to 6 cm in diamster; for this reason, if we move our eye from
“lone edge of the lens to the other, the scuse of light will move the sams distance.

__|Therefore, if we choose to provide a sighﬂ'lim in this manner, the positiom of the

eye will not matier for practical purposes. A shift of the point of aim by some

15 t0 6 cm 1s negligisle compared to the dimensions of the target and may be dis-
regarded,

When the lems 1s turned on its vertical or horisontel axis st an angle, the |

_é

N T D

i
i
|
i
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g

Fige. 119, A reflector directs the rays fram the grid to the eye of the gunner,

_ entire besm of light is inclined at the seme angle, Therefore; if we install the
_‘,_ lens on a gun, we will be able, by turning it, to give!any desired position to the
_ line of sight relative to the bare axis.
Such a "sighting device® camnot be used for the following reascn,
To obtain a point source of light in fromt of the lems in its focal plane, it
e is necessary to install at that point an opagque shutter with a pin-point perferatim
v_—: in its center. It will be this luminous point that the eye will see on the pPro=-
| longation of the light beam it receives, Since the eye has to be placed rather
close to the lems, it will not see anything except this luminous point; since its *
15_] f161d of vision will be covered bty the lens and the shutter, To allow the gunner ;
to see simmltanecuely both the lumincus point repreeemting the sight axis, and the

target. it ia necessare to remowe the 1‘_3# and shuttar frcm ki

HArges; i CCSEXTY =T IeEIvS

To this purpose, the entire system = light source, shutter, lens « is turned
-around_so_that the optical axis of the system is vertical, and _a reflector
. vided so that the rays from the light source resch the eye of the gunner, The re—

a.
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' _: flectar is made of two flat pieces of glass glnad together and coated on their in<
' terior surfaces with a thin layer of silver amalgam, Such & reflectar lets through
part of the light, while reflecting the other pert. Scme of the light rays from the
‘ .. luminous perforation, iasuing fram the lens in the form of a parallel beam, will
‘\ pass through the reflactor, while some, still in the form of a parallel beam, will

" strike the gunner!s eye. The gunmer will see the luminous point on the prolongatim

S AN R o oL M o o % a Aw . e ko m— i AN S A%
Ul wuo Uoam LCBCOLNE 118 Sy0y lebs USYyUDR LOS IBLIGCULONe INIGUEnR VLS ISILSCULT,

' the gunner will also see the target, since only part of the light rays issuing from
y " the target will be reflected upward, while the remainder will be reflected inmto the
f gumner's eyes In this way, the field of vision of the gunner is practically free,

o

1 By varying the angle of inclination of the reflectar, it will be possible to form
__ the angle of sight, while by turning the enmtire system on its vertdcal axis, the sigt

_ axis may be inclined at the angle of deflection gpd actual own speed thereby taken

~ into account,

4

iy

=

-
g' ——
e

f!

i

] Fige 120, Obtaining a cone of sight Ly means of a collimator., The rays which r@lch

the eye from peripher&li points of the grid farm a cone,

Thue, by means of the collimator sight, it is possible to allow faor gravity

| drop and own actusl speed. The way in which this is accomplished in practice will
+_! ba_supsaquantly exsmined, Now let us ses how it 1s possible with this system to |
- Zorm the cone of sighte.
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Let us imagine that, between the light source and the lens, is placed not a
perforated shutter but a glass slide, coated with silver emalgam on the side rloi:g
the light buldb, Such a slide will not let thraugh 2 single ray of light to the lena

If we now etch cut a circle onm this slide, rays will reach the lens through the
;transpareut groove thus provided, Each point on the circle will direct a divergent

_““bem toward the l#ns, and this beam, upon passing through the lens, will become
parallel, since the slide is #ituated in the focal plane, Such a beam will cross
& ray wriginaiing in e cenver of the circle at the same angie as that formed vy

a ray from the circumference of the circle and aimed at the center of the lens

L' _crossing a ray, also aimed at the center of the lens, originsting in the center of
the circle(Fige 120)e This means that by selecting the appropriste radius for the
_circle on the lens, it is feasible to have these rays cross at the canputed lead

.angles The eye of the gumnner will simmltanecusly see, in direction OF, the centex
. of the circle in the form of a point of 1light, and, in direction OA', a given point
,: on the circumference of the circle., ILines (¥ and c;u will form a specific computed
" lead angle g, valid for determined target velocities and fareshortenings under
__icertain average conditions of fire,

If the eye of the gumner moves from position O to position 0y, it will receive
) - athex' 1light rays, originsting in the center of the circle and from a given point on
—1‘“’ but since all rays ariginating at a given point on the slide are parallel to one
anuther, the angle formed by rays originating in points A and F will not vary,

KR
ﬁrhztem the position of the eye, Since the eye of the gunmer will receive rays

fros sll points on the circumference, it will see a cirele of light beyond the
i",‘r.necw-. This oircle will be the equivalent of the ring in iron sights. A ray
;”'n'uthemofthegumrto‘wpointotﬂnzcircleﬂllbethe generatrix of )
C jthe cons of sight, whereas a ray dimed at the center of the c:lrclo'mbethes!.@ﬁj
-l axts, !

i

Ul'_i The opaquc ‘slide bearing the incised circle, as well as a pipper and ranging
55 i

63
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Lens

22

I

Grid

Fige 121, 'Disgram of construction of cone of sight in a collimator
sight.

graduation, is called a grid. The characteristic feature of the optical system de-
scribed by us is that.it converts a divergent light beam into a parallel one, This
.. system is called a coll:lniator optical system, }
Thus, by means of the collimator system, we are in a position to provide a sight
llxi.s, whose position is determined by the direction toward the luminous center of
‘thth-s ring or pipper, and a sight cone, whose opening is determine by the apparent
‘ angula.r size of the image of the circle, Since a vVery narrow beam of light reaches
- :the eye of the gunner from any point on the pPeriphery of the grid, the image of
 leach point of the ring will be situsted at infinity and, therefare, the image of the
ring itself will be 2t infinity, To the gumner it will L.!aya sppear as if the
1llgo of the ring is situated at the target, i,e, in sighting, the impression is
4cx'oct,o(! thet the target and the ring are in the ssme plane, This greatly faciliﬂu
|

aott:l.ng the aight.
m u nov ul-hn the design of the same of the simpler collimator sights

&
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. used on stationary and mobile installations,

65, Sight PAK=1

Sights designed for fire from fixed gun installations are among the simplest
in design. Since the oriemtation of the piece in a fixed installstion is the same
es the direction of flight, there is no necessity to design the sighting mechanisa

_ to account for own actual speed. The actual speed of the airplane may be taken into
account when setting the correction grid of the sight and boresighting the piece,

Fig. 122, Aerial gun sight PAK-1.

One of these sights, which has been used on our interceptors in fire from

fixed sutomatic gun installations, is the sight PAK-1l, whose designstion signi-
ifiesz "Collimator Type Aerial Sight 1%,
b The basic part of this sight is the optical device providing the correction

-'gr:ld. This part is termed the collimator sight or simply the collimator, It con~

cut on a concave glass slide, and 2 re= =

65
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flector. The grid is lighted 7~am below by an elactrie bulb, which is connected to
the lighting system of the airplane.

Light rays originating from the bulb, having passed through the transparent
design of the grid, reach the lens, where they are refracted and, on their way out,
come up against the reflector, which directs them to the eye of the gunnere Since
“the rays originating at any point of the grid reach the eys of the gunner in the
form of a parallel beam, the gunner sees an image of all points of the grid at ine
finity,.

The gunner, looking through the reflector as through ordinary glass, sees at t»
same time both the ordd and 211 Shisch

. mounting so as to leave the gunnerts field of vision unimpeded, Consequently, the
gunner sees all objects with equal clarity whether they are seen in the reflector a
outside of it, In the course of observing and aiming at the target, if the latter
is situated to one side of the grid, the gunner may still watch it without inter-

ruption, and contimme setting his piece when the target is seen through the reflectar.

Light Filter

Grid
g Bulb

Fig. 123, Optical system and grid of sight PAK-1,

66
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It may be said that, in fact, there are no objects in front of the gunner limiting
his field of vision, there being only the virtual image of the grid which will
aiways appear on target, whatever the range of the latter.
If sighting is on a target against a very light background of clouds or snow,
the image of the grid becomes discernible with difficultye. To maintain the visi-
bility of the grid in such cases, a filter of dark glass is placed in fromt of the
‘reflectar. This filter absorbs same of the iight of the bright background, without ‘
barring the way to light aimed at the eye of the gunner from the lens. When not
i needed, the light filter may be flipped off forward by means of a special releass
" on tha left side of the sight.
The corrective grid of the sight consists of two thin linee crossing each other
“at a right angle: one is vertical, the other horizontal. The point at which the
lines cross represents the sight axis, Iwo circumferences are drawn around this
" point, The radius of the smaller one of these corresponds to a lead angle equal to
70 mils, while the radius of the larger circle assumes a lead angle of 140 mils,
The radii of both rings are computed for fire from a piece which will impart
_an initial velocity v, = 820 m per second to the projectile, installed on an air-
‘plane having an actual speed V; = LOO km/hr. These calculations are for an alti-
" tude of fire H = 4000 m.
Under these conditions, the larger ring allows for a target velocity Vig =
,‘hOO km/br at a foreshortening of h/L, or Vg = 800 km/hr at a foreshortening of
2/4, The smaller ring allows fo. foreshortenings of 2/l and 1/k for the same velo—

icities, respectively.

The crosshairs of the grid are marked vith_transverse notches of alternsting

This is the ranging grid of the sight, Each small division of this grid
;corresponds to 10 mils, while each large one contains 20, The totalgyertical and
) horizontal span of the grid is 80 mils, i.e. LO mils to the right and to the left,

_and upward and dowrward from the pipper.
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In the event of the fallure of grid illumination, the sight isr provided with
an emergency sighting mechanism, consisting of rings fastened to a special support,
ln.nd & sight post, The emergency ring-type ircn sight is computed for the same
target velocities and foreshortenings as the corrective grid of the sight proper.
“When the optical system of the sight is in operation, the emergency sight may be

" conveniently removed.

66, Operation of Sights in Firing on Aerial Targets, Sighting by Computation

For fire on aerial targets with sights geared to fixed and mobile gun instal-

. laticns, several methods of sighiing may be usede Thes¢ MOLNOGS Jifler &mafg Ciieme
" selves in their accuracy and in the camplexity of the operations which the gunner
must performe One of the methods of sighting - fuselage ranging - has already been
_ examined in some detail, and we need not consider it again, Let us now analyze
those methods of sighting which are based on the estimation of angular lead for
various target velocities.

Three methods of sighting on the basis of angular lead estimation are curremtly
__in use., They are:
1, Sighting by computetion.
2. The method of comparing velocities and foreshortenings.
3+ The method of arbitrary units,
Sighting by computation is based on the accurate calculation of lead angle

::fran the formula:
i t = 1000 222 a1n q.

: Ve
The calculation of lead angle by this formula can only be carried out on the
. ,;igrcmnd, in advance, and requires an advance imowledge of target velocity, fore-

'-AZahortening, range and altitude of fire, as well as the absolute initial projectile
Nivelocity.which depends, for a given piece, on angle-off and own actual speed, A1l
" 'these dats cannot be available in sdvance for any cosbat situation. For this reason

/

]
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_the method is used only in practice fire, when conditions allow the advance knowledge
of all the data needed to compute the angle of lead. Such practice fire may be
directed at cones, i.e. special targets towed by airplanes, in the form of sail-
cloth bags in the shape of truncated cones.

Q=307

B
%

[
b
b

" Fig. 12, Position of cone in grid of sight K8-T for varying set forward points.

To determine the position of the targst in the sight grid, use is made of the
_radii of the rings, whose angular dimensions are known in mils, and of the ranging
_grid as scales. If the lead computed does not exceed 4O mils, one may eimply use
‘ _: the ranging grid; if it exceeds 4O mils, one must use the ranging grid and the radii
o of the circles bothe

Fig. 12k gives examples of the positions of a target come in the grid of a

i sight of type K8-T far leads of 30, 50, 80 and 100 mils,
In sighting with sight K8-T, it is nccessarys
‘a) before take-off, to register on the actusl speed indicatcr lath the speed ~

]
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required by the exercise;

b) upon tunning in on the target, to aim the piece in the direction of the
target and to find the position of the point of aim on the sight grid in accordance
with the target®’s line of motion and the camputed lead angle;

¢) set the piece so that the point of aim be so placed that the fore and aft
axis of the target along its line of motion pass through the pipper of the sight;

d) when the target is viewed at the foreshortening allowed for, to open fire.

67. _Sighting by the Method of Comparing Velocities and Foreshortenings

Less accurate than sighting by computation, yet more rapid and practical is the

matlod AF mpmmamd—e w=los kAt and nae "a o com awm e easdles
method of cesparizz volocities and foreshortenings, The sight rings or, =% a=acily

" the radii of the sight rings, are designed for definite target velocities amd
definite foreshortenings. Since the lead angle is directly prcportional to the
_velocity and foreshortening of the target, while the radius of the ring is directly
proportional to a particular lead angle calculated in advance, iiic radius of the
) ring must be larger to the extent that the velocity of the target and its fore-
__ shortening are greater,
) If the sight ring is designed for a target velocity of wgg = LOO kn/hr and a
) ) foreshortening of 2/l;, while the target fired at has a velocity of, say, 800 lm/hr,
A and the same foreshortening, the point of aim when sighting should be taken not on

_“the ring, but at a distance of two radii from the pipper of the grid, i.s, st =

' _distance groater than the radius of the ring by sg:many times as the actual velo~-

ar NS AR e e

‘ .,_"city of the target exceeds that provided for by the radius of the rings If.‘the
. ‘velocity of the target is inferior than that allowed for by the ring, the distance
‘of the point of aim from the pipper mast be diminished by as many times as the
:H.'jactual velocity of the target is inferior to that provided for,

- If the foreshortening of the target is greaisr or lesser than that provided
__for, the distance af the point of aim from the pipper of the grid should be in-

AR A A il S S
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creased or decreased by as many times as the actual foreshortening is greater or
lesser than that provided far.

Thus, under combat ccnditions, the gurmer is expected to determine target
_ velocity and foreshortening, and to select a point of aim on the sight grid in
" accordance with these data and the data built into the sight.

We have already stated previously that the gumnner has no direct way of estimsing
target velocity, and that he has to judge it from the class of aircraft to which tho'
target belongs. Foreshortening may be judged by eye with an accuracy up to 1/h.

The method of compariag velscitlss snd forechortenings ia notably simplified
~ when the radii of the sight rings are computed for typical speads of ensmw piv-
craft. When this is the case, the gunner has only to find out which ring to use
" as a reference in selecting the point of aim on a given enemy plana, The gunner
" has then only to allow for the foreshartening of the targete
In sight K8~T, the smaller ring of the corrective grid is set for a target
_ velocity of vyg = 40O km/tr and a foreshortening of 2/h, while the larger ring
" provides for a target velocity of vy, = 600 km/hr and an identical foreshortening
_af 2/he

Unless fire is directed on a jet planes, all targets may be divided into two
" classes: interceptors and bombers. It msy also be assumed that all interceptars
__have speeds of 600 km/hr, and all bombers speeds of L0O km/br, In sighting on
" interceptors, ome tius may use the larger ring of the corrective grid, while using
_ the smaller one for bombers,
When sightingfirem an interceptor or strafer, it is required:
2) to determine the class (interceptor or bomber) to which the enemy plane
should be aseigned, and to select the appropriate sight ring;
R b) to determine the foreshorteming of the target and to find cut at what d:ls—

ta.m:e from the pipper the target must be located at the moment fire is openeds

c) "to maneuver the plane so 8s to place the target in the field of the sight

n
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in such a way that ite longitudinal sxis in the direction of flight point to the
pipper of the sights

d) to move the airplane so as to move the pipper along the axis of the target
so that the target be located at the required distance from the pippers

o) maintaining the target at the point of aim and introducing, if necessary,
corrections for changes in the direction of target motion or in foreshortening,
to wait until the range to the target corresponds to the effective range of fire,
and to open fire.

2/4 View

" Fig. 125, Sighting on pursuit plane by the method of comparing velocities and

foreshortenings.

When aiming with sights of type K8-F attached to mobile installations, it is
. required:

a) before take—off, to register the expected speed or the one set for the

__b)_having located the target, to deternine the class to which it should be

T
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assigned, and to select the corresponding eight ring;
¢) to estimate the foreshortening of the target and find out at what distance

from the pipper of the grid the target must be sitvated at the moment fire is opened;

d) to set the picce in such a manner that the target be in the sight fis=1d and
that‘ite longitudinal axis point in the direction of its motion at the pipper of the
grid;

Y4 View 44 View

TiFig. 126, Sighting on begber by the method of camparing velocities anmd foreshorten-
ol ings.

e) turn the gun so as to shift the pipper along the exis of the target so that -

the target is at the required distance from the pipper;
£) maintaining the target st the point of aim and introducing, if Decessary,
R |correetions for changes in the direction of target molon or in foreshortening,

50

-
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' to wait until the range to the target corresponds to the effective range of fire,
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In using this type of sight and estimating target foreshortening, it i8 better
‘to overestimate than to undevsetimate, and it is advisable judge of the leed angle
as larger, rather than smaller then it really is.

If the lead allowed for target velocity is infericr to its correct value, not
a single shell will hit the target, since the projectiles will all pass aft of the
" target. If we allcw & somewhat greater l1dad than the correct value and open fire,
the target will be struck if the gunner, without moving his sight, fires a sufficiem
tly long salve,. aince sconer ar later the get will oross ctore.

The above described method of sighting requires no calculations on the part of

the gunner, and therefore is the simplest, The gurmer must be well trained to set

his sight automstically ss scon as he sees the target. At the same time, it is alsec

F‘.lg. 1276 Sequence of operations in sighting aerial target. 1- Having located tar—
“'get, recogmize it; 2= Turning in on target and spproaching it, calculate lead angles
3- Orient course of own plane so that target!s fore and aft axis poinmte to pipper ef
—7 aight; ly= When the target is at the calculated interval from the pipper, open fire,

BN

- tho 10:31; wcnrtto nethod, since target velocity mey significantly differ from thou’f:

7h
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for which the sight ringe are designed, If target velocity is too low, the resulte
ing lead will be greater than the one required, but if firing is extended in time,
the target may eventually be strucks If target velocity is too high, the lead
allowed for in firing will be too amall, and the target will not be hit,

' 68, Sighting by the Method of Arbitrary Units

Ancther method of sighting, requiring some simple calculations, but more ac-
curats in primcipls theanm ths mothod of comparing vwele eghortenings,
is termed the method of arbitrary unita,
of the true speed of the tarket and its foreshortening.

The precise value of the lead angle is found by the formulas

YT-moo'-'?-&sinq.
Ver

As we noted earlier, the mean velocity of the projectile in flight may be
assumed constant, and calculated for a given average altitude H, a given range of
fire D, and own actual speed Ve

The foreshortening of the target, defined by the value sin q, is in terms
of quarter fuselage lengths and may be written as E s where k is the mumerator
of forekhortening, which may assume the values 0, 1, 2, 3 and 4. If group all
constant values in one member, the formula for lead in mils may be written as

followss
T = 1000 .

ts
bigr

The constant member %00_0 may be calculated in advance, and, when firing in
=

the air, the gummer will have to multiply three figures to obtain the lead angle®
f the value of this constant member, target velocity and the foreshortening numeratoy
Considering the speeds of modern serial combat, the caiculation is somewhat c\mber-f:-
{ some, especially since tu-ge@ velocity must be taken in meters per second. ‘

”f;‘ai-pwm 1ify the problem, target velocities src expressed in tems of kilo= |

75
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meters, To exprese a velocity glven in kilameters per hour in meters per second,
1t is necessary to convert the value Tor velocity from one asystem of units to anothes
In this instance, to derive /[m/sec_J from /km/hr 7, the velocity in km/hr wust be

divided by 3.6, i.e.
'tsl km/hxi
Vt Vi m/sec] = 3.3 .

o R T s e

If we have velocity in tens of kilometers per hour enter in this formula,

we are introducing thereby a value which is ten times smaller than the actual one,
. &nd the formula must be given the factor 10, i.e.

10w, _Mane
pL sl “=n

vta[m/secJ = ==& e

The figure gné may be carried to the constant member of the formula, and we

then get:

T = 1000.10 vto/ tens km/hr_Jk,
3.6 « Ug

ol
For a mean projectile velocity Var €qual to 700 m/sec, the value of the constat
mexwber equals approximately 1. For other values of mean projectile velocity, the
value of this constant member differs somewhat fram unity but, to simplify the
problem, it is always taken as equal to unity. Using this approximation, the
product of target velocity, expressed in tens of kilometers per hour, and of the
" mumerator of foreshortening will represent the lead angle not in mils, but in
j certain other units, differing from mils, These units are termed arbitrary units,
Thus, lead angle may be obtained from the formulas
Y = viof tens lm/hr k/Tarbitrary units 7
Kow that we have the lead angle in arbitrary units, how do we set the sight
by it? For the sight gives angles expressed in mils on the ranging grid and ring
- radii, The solution will be found if we can express the angular values of the ring:
- radii also in arbitrary units, This is not hard to do, keeping in mind the fact:
' that the radius of each ring is elso calculated for a epecific foreshortoning and j
i a_specific target velocity. By multipilying the mumerator of ‘foruhortening by ’

76
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the velocity on which the radius of the ring is based, we will find its value in
arbitrary units,

In this way, we will obtain a lead angle to scale for purposes of sighting,
which will be expressed in the same units as the lead angle obtained by camputation.

What then will be the angular dimen;iona of ring radii in arbitrary units for
sight K8-T? The small ring in this sight is calculated for a target velocity of
LOO km/hr and a foreshortening of 2/L. Consequently, the angular magnitude of the
radius of the small ring expressed in arbitrary units will equal 4O x 2 = 80 arbi-
trary units. The large ring is calculated for a target velocity of 600 km/hr and

a foresnortening likewise of 2/4. Thereiore, Lhe radius

the iargs ring in
arbitrary units will equal 60 x 2 = 120 arbitrary unita,

We thus find that, for esight K8-T, the mmber of arbitrary units contained
in the ring radii is equal to the number of mile in those same radii, This means
that the data built into the grid of sight K8-T are such that the constant member
of the formula for the lead angle is precisely equal to unity, and the arbitrary
unit therefore equals exactly one mil,

This concordance does not hold true for other sight grids, As a result, the
constant member in the formula for lead angle comes cul somewhat smaller than 1,
and the arbitrary unit is somewhat smaller than one mil, In such sights, the
smaller ring of the grid measures 70 mils or 80 arbitrary units, while the larger
ene measures 105 mils or 120 arbitrary units, When using the method of arbitmry
units, the mmaller ring should therefore be taken as measuring 80 arbitery units,
and the larger ring, 120 arbitrary units, However, considering the very small
difference between the mmber of mils a.nd the mumber of arbitrary units contained
in the radii of the rings, it may be assumed that these contain the same number of
arbitmary units as of mils, i.e, 70 and 165 arbitrary units, In addition, leads
of 80 and 120 arbitrary units will be taeken not-‘ on the rings, but respectively at

10 and 15 mils cutside of them. In other words, leads deliberstely greater than ~

m
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*hose required by computation will be taken, We have already noted that such a
procedure is more advantageous than underesiimation of lead,

In sighting by the method of arbitrary units, it is required:

&) having located and recognized the target, to determine its velocity by

.reference to the class of aircraft to which it belongss

b) if the target is already at relatively short range, to determine its fore-—

.ahortening; if it is at long range, to select the foreshortening at which it will be

attacked;
c) to multiply target velocity in tens of kilometers per hour or, simply, in

/o withoud the fimal figure, vy tne mmerator of its Toreshortening, and to find

V» out the distance fram the pipper at which the target must be situated at the moment

__fire is opened;

d) to maneuver the plane to place the target in the sight field, soc that the

_target!'s longitudinal axis points to the sight pipper in the direction of its

_ motion;

e) move the plane so as to shift the pipper along the axis of the target in

such a way that the target be situated at the calculated distance from the pipper;

£) maintaining the target at the point of aim and introducing, if necessary,

. corrections for changes in the direction of motionm or foreshortening of the target,

__to await the momernt when the range of the target will correspond to the effective
W range of fire or the moment when tactical conditions are those required for attack,

In sighting from mobile installations equipped with K8-T sights, and using this

mthod-mf sighting, it 1s required:
&) before take-off, to register the expected speed or the one set for the

" _lexecution of the particular task on the sctual speed indicator lath;

b) having located and recognized the target, to determine its velocity by

th class of alrcraft to which it belongsj

78
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¢) to determine the foreshortening of the target and by multiplying the
mmerator of foreshortening by target velocity expremsed in tens of kilometers per

. hour, f£ind the lead angle in mile;

d) to set the piece in skch a manner that the target be in the sight field
and that its longitudinal axis point in the direction of its motion at the pipper
of the sight grids

®) to turn the gun 20 as to shift the pipper along the sxis of the target to
place the target at the required distance from the pipper; )

f) meintaining the target at the poimt of aim and introducing, if necessery,
corrections for changes in the direction of motion or foreshorbeaing of ths Largss,
await the moment when the range to the target corresponds to the effective range
of fire or when the target is seen at its most advantageous angle, and to open
fire,

The reader may now asks "Which of the three methods described should be em-
ployed in aerial fire?" We will answer this question in greater detail when we

exsmine firing techniques for grcund and air targets, In the meantime, we will

2/4 YView 3/4 View . 1/4 View
Yiarget = 600 ka/hr Vearget - 00 km/hr 2 Yearget -, 800 km/hr

i . 4/4 View

2/ 4 Vi T4
Yearget = 750 km/hlz:u m/ hr target = 250 km/hr
] Q

Fig. 128, 8ighting by the method of arbitrary unite.

79.
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merely state that all three methods may be used with equal effectiveness, deperding
" on the firigg technique adopted., Particular sighting methods suit particuiar
firing techniques better than others.

» 69y _Using Sights when Firing upon Ground Targets

Aerial machine-guns and guns may be used in fire on ground targets, Typical
ground targets include grounded aircraft on airfields, trucks, armored cars, light
and medium tanks, horse and railroad transport carrying personnel or equipment,

. infantry and artillery in position and in transit. Ground targets are divided into
Pin-point tergets {cccupylng @ negiigiblie surtace), long narrow targets, and wide—

. area targets, Pin-point targets include amall groups of personnel, lone groumded
aircraft, individual trucks and cars, tanks, armored cars, artillery pieces,

. machine-gun nests, etc. Long narrow targets include infantry, transport and armored
colusms, trains, etc, Wide-area targets include secters of the ground or inhabited
. pointe occupied by enemy troops, troop concentrations at river crossings, airfields,
artillery installations, etc.

When firing upon =mall ground targets, the gunner is required to aim accuratelx

" sighting at such targets involves setting the aight axis or grid pipper at the

point of aime If the target is statiocnary and there is no wind, the pipper of the
; sight grid should coincide with the center of the targets When there is wind,
— the grid pipper is shifted to a point carried windward to the distance of linear

- .., wind deflection or, if the angle of wind deflection is known, in accordance with

this angle. Under combat conditions, =z iinear correction for wind is usually used,
This linear correction, when determinsd, is measured out by eye using the dimen-
sions of the target as units of scale.
Ae we already know, the linear correction for wind deflection equals the

-~ product of wind velocity by projectile flight time. The latter depends on the rance

© of fire and the actusl own speed of the plane, and cannct be calculated sccurately:

8o
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Pogition of target
fn sight gr1§ .

projectile

Fig. 129. Sighting on a pin-point ground target in this manner is permissible only

in the sbsence of wind (if there is wind, the projectile will be deflected from the

target,
Position of target
in sight grid

'
i

| 1 ‘
."" ‘H-E 156. "This shows how to make a correction for oncoming wind when sighting on

S & pin-point ground target,
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Position of target
in sight grid

Deflection of

wectile

:Fig. 131. This shows the deflection of the projectile as a result of side wind, if

center of target is aimed at,

Position of target
in sight grid

Pig. 132, This chows correction for side wind.

8
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by the gunner. Fox!iltthia reagon, it has to be determined approximately from range
of fire, The time of flight of the projectile for ranges of 600 to 900 m 1is taken
as equal to 1 second, and, for ranges below 600 m, to 0.5 seconds. Consequently,
for ranges of 600 to 900 m, linear correcticn for wind is numerically the same as
wind velocity, while, for ranges of less than 600 m, it corresponds to one half of
wind velocity.

Wind direction and velocity are determined from the drift of the airplans and ’

from smoke and dust dift at ground level. If, for one reason or ancther, it is im-

monmm wind divecticn and volocity, firs — D vn
gougs Winl CITCCULCH &K Vouallivy, 41455 G v IST

wind, and corrections are subsequently imtroduceéd by

DBerving the'sxplos the
shells and the dust raised by them on the ground. In cases when wind velocity does
not exceed 5 meters per second, or range is less than 300 to LOO m, no allowance is
made for wind.

In fire on moving ground targets, corrections are imtroduced for the veloci-
ties of these targets. In these cases as well, linear correction is generally

taken, To allow for target velocity, the point of aim is carried forward in the

,P0§ition of target
in sight grid

Corr_ect:ion‘for veloc.
1ty of target

Correction

-~

Fig. 133, 8ighting on & moving ground tbarget when there is wind,

8
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" irection of target motion to the distance of linear I%ad, gauging this distance by
eye in terms of target size, The linear correction for target velocity equals target
velocity by projectile flight time, The latter, as in wind correction, is taken in
round figures, i.e, for ranges of 600 to 900 m, the correction for target velocity

_equals target velocity, while at lesser ranges it is half the value for the same,

: In order to take into account both target velocity and wind in air to ground

: fire, it is necessary to carry the point of aim forward alcng the line of motion of
the target to a distance equal to linear lead, and from this point to one side, in
a direction contrary to that of the wind, to a distance corresponding to correction

’ ""for wind deflection. In fire on long narrow targets, wind is allowed for only when

" it 1s directed tranmsversely in relatiop to the target. In fire on wide-area targets,

‘ _ such as troop concentrations, airfields, population centers, etc., correction for
" wind is not made, At the same time, it is still required to aim at specifically
"~ galected, more importamt and vulnerable parts of the target.

i
i
)
3
t
H
i
:
i
!
i
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Chapter XII
FIRING ON AIR AND GROUND TARGETS

70. Why and How Range to Target Is Determined

The range of fire from an airplane machine gun or cannon is considered close
4f it does not exceed 200 m, medium when it varies from 200 to 600 m, and long when
it exceeds 60C m,

Fire directed by means of ring Sighvs 15 =ost 3w - cloge ranges. Fire

P

at medium ranges is mainly empiocyed when atiacking aerial targets on approaching

" courses and when repelling interceptor attack from a bamber. Fire at long range

" is jneffective and is permissible only when attacking aerial targets on approaching

courses, or when a high calibre pilece ie used on a relatively slowemoving target.
In fire on pin-poimt ground targets, effective range is limited to 600 m.

To have some assurance of striking the target by fire from & machine gun or

" automatic cannon, both the gunner and the pilot must be careful to open fire only

at those ranges at which fire is most effective, Therefore, the gunner and the

" pilot must know how to determine the range to the target rapidly and with sufficiert

accuracye
There are two ways to determine range: by eye, and by means of the sight.

Ranging by eye depends on the ability of the eye to see objects at various

~ distances in varying fullness snd detail, Thus, at ranges of 800 to 1000 m, only

the main parts of a plane are visibles wings, fuselage, and tail assembly. At
. ranges of LOO to 500 m distinct parts of thw wings, fuselage and empennage are

. visible, as well as the juncture of the cockpit and the fuselage and the stabﬂ_j.za;f

. At a range of 200 m, smaller details are visibles the cockpit frame, exhaust pipoe,:
i

" etce. At a range of 100 m. the most minor details may be distinguisheds slits in |
‘ the smpennsge, gun openings in the fuselage and wings, the anterma, etc.

65
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To learn to range the target by eye, the gunner must train systematically and
learn through practice., Personal experience and training must help him to find
for himself the degrees of visibility of various features of airplanes for varying
ranges, and make up a table of criteria. It is impossible to set up tables which
would be of use to all gunners, since the degree of visibility of particular

airplane features depemds on the individual eyesight of every gunner,

L~ 8§00- 1000 m
The main parts of the
plane, e.g. .the wings,
fusel age and tail assem-

& bly, are clearly visible

D = 400-500 m Parts of wings, fuselage,

tail assembly, the juncture
of the .cockpit with the
fusel age .and the stabilizer
are clearly visible

Smaller details are visible
e.g. the cockpit frame, the
exhaust pipes, the antenna,etc.

The most minor details are
visible, e.g.- slits in the
empennage, gun openings .in
the fuselage and wings, the
antenna, etc.
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This method, which is the simplest and most rapid, allows range determination
with an accuracy adsquate for practical purposes.
Range determination by means of the sight 1s based on the measurement of the
" angular size of the target in mils.
The angle in mils at which a target of size 1 is seem is defined by the forrmula

-] T = 1000 ! s where D is the range to the target, Obvicusly, if we know the size of
() 5

" the target and if we can determine the angle at which this size is perceived, we may
" determine target range by modiying our formula to read:
’ D 21000 &y .
Since in aerial cambat the target is usually attacked at foreshortenings of O/L,
. _ 1/h or at the most 2/li, the most convenient method of ranging is to gauge distance

" from wing span, To simplify calculations apparent wing span is assumed not {o vary

p=-42 x1000
w'
1

D= —‘L;‘—‘fx/ooo
¢

Sight Grid

Fig. 135, Principle of range determination by means of gun sight.
. with these foreshortenings, and to equal 10 m in all cne-engine interceptors,:20 m _'

.:i.nwo-cngim interceptors and bambers, and 30 m in three- and four-motor bombers. .

8
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and transports,
Collimator sights have ranging scales in their fields of vision: the smaller
' graduations indicate 10 mils each, the larger ones - 20 mils, It is therefore easimy
.. .%o gauge angular dimensions not in mils, but in terms of the smaller ranging gradue
__ations of the sight, If we substitute an angle in ranging units for one in mils,
Mm mst multiply the number of ranging units by 10 to have mils appear in the for=
mula, Representing the number of ranging graduations spanned by the target as n,

wa gate

21000 = e« D=100h.
10m a

The right half of the formula may be divided by 100, and the division of 1 by

_n will give us range in hundreds of meters:

= D = 3/ hundreds of meters_7.
In determining the mumber of ranging gradvations occupied by the target, it

' is quite unnecessary to superimpose the ranging scale on the targets The gunner
__must be able to range by means of the sight through comparison of apparent target
~ size with the ranging scale, whatever the position of the target in the sight gride

Fig, 136, Pursuit plane in sight grid at ranges of 100, 200 and 300 m,

This method of determining range to target is more accurate, but also more

* complicated and cwibersome in iis application. Ranging by eye is therefore more

88
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Fige 137, Twin-engine bomber in sight grid at range of 500 m,

T,

. comonly used.

_Ti. Rate of Fire on Air and Zround Targets

An airplane carries a relatively limited supply of ammunition, and the rate of

¥
2
:
§

fire of modern machine guns and cammens is such that the entire reserve may be ex—
'hausted in 10 to 20 seconds of uninterrupted fire, If the gunner uses unduly long ]
salvos, he may find himself out of shells before serial combat is over. Consequently,
1 the-gunner must be economical in his expenditure of shells, avoiding unduly long
| _? salvos and aiming carefully.
Experience showe that a salvo of 0.5 seconds allows the aerial gunner to in-

! x:{creue the accuracy of the setting of his piece on the basis of shell traces, and
. to shift fire onto the target without interrupting fire, if original aiming was

—?sufficiently accurate. For an accurate correction of fire on the basis of traces
»; and continued fire sufficient to knock out the target, a salve up to 1 second in

- length is required.

St~ ¥ire-in.salvos of greater length 1is permissible only in such cases when the

—

wmmr.:u within the field of vision of the sight and when one is sssured

—d
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that continued fire will lead to knocking out the target. However, sslvos of more
than 2 seconds are not permissible, as they lead not only to the rapid expenditure
of ammunition, but also to the overheating of the gun barrels, causing the weapons
to go out of commission.

It is generally agreed to consider salvos of up to 0.5 seconds in length es
‘sho.rt, up to 1 second as medium, and uvp to 2 seconds as long.

On any combat flight, ammunition expenditure should be so calculated as to
leave 15 to 20 percent of shells in reserve to the end of the flight in case of

action on the return flight tc home base.

2o How to Use Tracers in Correcting Fire

The ammunition belts of airplane machine guns and cannons are made to contain

. X View in sight grid
View in sight grid gt e

Direction of flight
—————

Apparentm s
>

Direction of flight
———

i2—Fige 138, When firing at ranges exceeding Fig, 139, When firing from mobile in-

k0O m. it appesrs as if trajectories over- stallaticne, treee sppesrs to cut back |

sioot target, while they actuslly go undem toward the tail of the plane,

90
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2 definite percentage of tracer zhells or bullets, equally distributed throughout
the belt,

Traces allow the gunner to determine the position of the trajectory relative
to the target and to make the needed corrections in his aim. Knowledge is needed,
_ however, to interprst the traces, since they may appear to give misleading indicam
" tione regarding the motion of the projectile relative to the target. Thus, for
_example, in fire at ranges of LOO m and further, the curvature of the trajectory and

it8 rise above the line of aim ecreate the impression that the gshells are flgine

ha tor~at  whils 4n astuslid

over the tarzet, whils in sctuslity the gunner ie merely seeing the upper part of

ng the unphey nary 4

 the trace and judging from it the direction of motion of the shells or bullets,

" without noticing that the trajectory subsequently lowers off. In firing from mobile

View in sight grid View in sight grid

<§'\‘;‘k\3

_ Pig. 140, The projectiles undershoot the Fig, 1ll. The projectiles reach the

target. target.
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. pleces, the trajectory appears to cut back toward the tail of the plane, In view
of all this, in firing with tracers, it is recommended to watch not the entire trac 2
" but merely that limited portion of it that lies near the target, i,e. to look not ‘
-at the trace but at the target when firing, and to make no corrections before the
‘firat bullets or shells reach the target. Whether the projectile has reached the
f'}target may be judged from the interruption of the trace or the explosicn of shells
at the target.
To make effective corrections fram the trace, the aiming before fire must be
_ careful, and then corrected subsequently by the deviation from the target as shown
) by the tracs, If t;xe deviation of the trace from the target does not exceed S to
10 m, the trace should be led on to the target without interrupting fire, If a
" larger errar was introduced in the original sighting, fire should be interrupted,
. sighting repeated with greater accuracy, and firing then resumed.

Fire upon aerial targets with no other sighting aid than tracer indications

__involves large errors and consequently large expenditure of time and ammunition.
If the attacking airplane has managed to turn in on the target without being
7 observed and the pilot or gunner has succeeded: in sighting without drawing the

enemy's attention, the enemy will become aware of being attacked from the traces

_of the first shorts fired, It is therefore imperative that the original sighting

_be performed with the utmost accuracy, so as to knock out the target with the

To be the first to attack is to be victoricus. In aerial cambat, the aim
.must be to attack the enemy first, and to knock him out with the first volley,

' _?Snrprise in attack is acheived by approaching the target unmoticed., Tt mey be

of the enemy's blind angle. In approaching the enemy from below, ground relief
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Attack from the side of the sun

—

~F TR T

=

ow against cam-
oufl aging background of terrain

Side atl;ack from
blind angle

Fig. 12, Surprise attack 1s achieved by concealing approach to target.

is used as a camouflaging background,

Fire should be opened at the shortest range possible, yet the pilot must have

sufficient time to keep up fire. For this reason, it is most advantageous to

attack aerial targets from the rear hemisphere, Speed in relation to target motion

consequently be attacked at

" the smallest possible foreshortening,

If it has not been possible to begin the attack umnoticed, the relative speed

the enemy, and the latter

will also find it easier to sight and fire at the attacker. In selecting the

. direction from which to attack, the pilot must take into account the distribution

© and effective angles of the enemy plane's guns, the enemy's armor and his vulner-

abie poinis,.

The most effective conditions under which one interceptor may attack ancther
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are considered te involve an attack from above and fram the side at a foreshorten—
ing not exceeding 2/L, or on a curve under the enemy plane, with a turn-in from
~ the rear and telcw., Fire should be opened at renges not exceeding 200 m, ard is
; first in the form of short bursts to improve accuracy from traces, then one ex~
tended salvo to knock out the target, Fire should be sustained until the shortest
range compatible with a safe break-eway is reached,

In attacks upon interceptovs on approaching courses fire should be opened a%
ranges € 800 to 1000 wm.

irst spproach is ususily made fram

the front and the side, while subsequent ones are fram the rear and side or the

rear and belows In frontal attacks, fire is opened at a range of 600 to 800 n,

' while in a rear approach the range should not exceed 200 m, The first attack shoull

aim at the gunner of the mobile installation or the installation itself, while
later attacks et close ranges of the order of 100 to 50 m should involve fire on
the pilot's cabin or one of the engines,

Gunners of mobile installations are confined, in serial cambet, to defensive
 fire against attacking pursuit planes, and, in addition, may fire only when the
enemy has entered the boundaries of the sight cone of the piece, The gunner must
) attempt to discover and fire upon the enemy before the enemy fires on him,

If the enemy esppears in the blind angle of & mobile installation on the

. attacked airplane, the pilot of this plane must execute a waneuver, i.e, a turn

:\ of 10 to 15 degrees, to take the ensmy out of the blind angle and allow the gunner

" not to allow the enemy to pursue his approach unhindered, and then continued by

| to fire on the enemy plane, In all cases of defense against imterceptor attack,
. whether the latter occur in the fare or aft hemispheres, fire should be opened
at a rangs of the order of 600 m and sustained in the farm of short bursts, so as

i

. means of medium and long salvos as the target comes closere, In all cases, sim |

oh
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<~ Fige 143, 8~ sttack from the tail, overhead, and

7., the side; b~ attack from overhead, with curve under enemy planej ce attack from

the tail, overhead; d- attack from front and below,
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Two types of fire are used in aerial combat: tracking fire and barrage fire,

Tracking fire is fire in which the target is maintained within the sight grid
at the required set forward position for the Quration of fire, i.e. the piece is
moved continuously to follow the tarpet. The essential features of tracking fire
are eagy to grasp if one imagines the set forwerd pcint as being rigidly connected
with the target as by a shaft, and moves with it, while ihe gunner, sustaiging fire
without inmterruption, keeps the pipper of his sight fixed all the time on that
point, Tracking fire is used in cases when the angular velocity of tarcet motien

is imsignificant, i.6. when barget Tforesnoriening does not exceed 2/he

Fige 1lhhi. Attack of bomber by fighter
from the tail and side.

© Fig. 1h5. Attack of basber by fighter  Fig. 146. Maneuver of bomber if target

from the front and side, is in blind angle,
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Barrage fire is fire in which the gunner, deliberately allowing a lead in excess

of the one required, fires without shifting his sight and, therefore, his plece,

Lead angte ;lected
by gunner

Calcul ated )
lead angle

Figs 147. Tracking fire. Fige. 148. Barrage fire,

) ;awa.its the mament when the target enters the sight grid with a lead smaller than tie
:'one taken,

To understand the nature of barrage fire, it must be imagined that the set
forward point has a fixed position in space on the prolongation of the fore and aft

axis of the target at a distance one and a half to twice the required linear lead

i+ _far its velocity, and that the gumer, having placed the pipper of his sight on this

B :fixed point, fires continucusly until the true set forward point, rigidly joined to

‘;:‘jt-he target, passes the selected fixed set fonazﬂ poimt, After this happens, a new

—
17 _!set forward point must be selected on the path of the target, made to coincide with

<4

< ::;the pipper, and fired at again, Tt is clear that by this technique of firing all
15_the projectiles released before the tsrget reaches the required distance from the

-]

iselected set forward point will miss the target and pass in front of it, while all

r:;:..j’tha projectiles rel d at the t the target is situated at the required dis-
—d
5 ’~~}tnnce from the selected point will hit the target, Fire after the distance from

L ‘gtha_.targatto“the selected fixed set forward point is less than that required is

56 K.faannleae,, since the target will have passed this point while the projectiles are
!
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L= 4

- in flight, and the latter will therefore pass behind the target.
: Barrage fire is used when the angular velocities of target motion are high,
i.e. at foreshortenings exceeding 2/k.
A greater expenditure of smmunition and time is required to knock out a target
by means of barrsge fire,
We are now in a position to answer the question regarding the advantages of
various sighting methods.
It is not difficult to see that it would be quite senseless to use accurate
sighting mathoda in harrase firs, 2inzs ihe compubed lead nhas in any event to be

magnified one and a half to two timss,

For this reason, the method of camparing velocities and foreshortenings is
entirely adequate for purposes of barrage fire, Furthermore, no great harm will
ensue if target velocity differs significantly from the velocities for which the
sight rings were designed,

On the contrary, if the gunner is planning to use tracking fire on the target,

he must allow for lead for target velocity with the utmost accuracy, and therefore
use the most accurate sighting method, since tracking fire involves the paseage

of all projectiles through a point which remasins at a constant distance in fromt

of the target ', which must equal precisely the required linear lead. Therefore,
if the gunner has inaccurately calculated lead, and made it smaller or larger than .
the one required, the projectiles will pass either in front or in back of the

target for the entire duration of fire. .This can only happen, of course, if no

tracers are released at the target, If they are, the gunner may introduce the
needed corrections on the basis of their‘traces;@?

For tracking fire, the best method ot sighting is that of arbitrary units,
since the gunner can hardly sight by cam;:mtation.

In practice fire on target cones, whether tracking or barrage, exact comput-

- ation may be emprll,‘. « In barrage ﬁrs,'the lead obtained throughﬂ computation
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must be doubled, It is better, however, if training consists of the use of the same
methods as will be employed later in aerial combat,

In fire from fixed pieces, sighting is accomplished by the motion of the plane
itself, and the pilot is required not only to sight correctly, but also to guide
the plane correctly while sighting and firing, To prevent the deflection of the
projectiles, the pilot must act in time to prevent slipping sfter the roll-through
on the target, ct his angle of bank properly., While setting his sight, he

vick or pedals that might lead to wobbling e
shifting of the point of aim.

After an attack on an aerial target, the pilot must maneuver either for a
second attack or for break away. The mancuver mmst be executed with the object
of attaining maximum angular velocity relative to the enemy plane, while reducing
to a minimum the surface exposed to enemy fire., Within the effective area of
the enemy's pleces, the pilot must avoid rectilinear flight, and break away, to
the extent that he finds it possible, in the direction of the enemy's blind angles,

maneuvering both in altitude and direction and slipping.

.+ 7he How to Fire on Ground Targets

Attacks on ground targets are usually performed by strafing aircraft and
interceptors, firing from forward fixed machine gun and cannon installations,

SEr ey
Lo e

| .Fige 149, . Surprise attack on a ground target is acheived by concealing approach _j
i
_—— to it,

9
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Ground targets are very rarely fired upon from mobile installations, The success
‘of an attack on a ground target depends primarily on the suddenness of this attack,
Suddenneas, ag in attacks upon aerial targets, is acheived by a concealed approach
.. to the target from the side of the sun, from behind clouds, or by contour flying,
; using ground relief and background as protection, The direction of attack, angle
. . of dive and ranges at which fire is opened and stopped depend on the nature of the
target under attack and are decided upon the basis of combat experience.
Attacks on pin-point ground targets, unprotected or poorly protected armored
_ vehicles are carried cut from altitudes of 600 to 800 m at angles of dive of 15 to
'7730 degrees, If the pilot opens fire at an altitude of 300 m, i.e. at a range of the
) _ order of 600 m, and ceases fire at an altitude of 100 to 200 m, i.e, at a range of
200 to LOO m, he has 2 to 3 seconds for firing. Beginning the attack from a range

of 1200 to 1600 m ensures sufficient time for aiming (an interval also of the order

.2 %o 3 seconds), since at angles of dive not exceeding 30 degreas, the speed of the

,: plane increases at a relatively slow rate, This is the technique used in firing

upon small groups of personnel, isclated planes on the ground, isolated vehicles,

__ firing installations, etc.

Fig. 150, Attack on pin-pcint ground target,

If anti-aircraft defenses exist in the area of the targets to be attacked,

) tha attackers may suffer heavy losses from enemy anti-aircraft fire, unless special :
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evasive action is employed, since dives at amall angles involve only slow changes
in speed and 2ltitude and the sighting of anti-aircraft guns and machine guns is
thereby facilitated, Evasive action consists in the pilet changing his altitude,
direction and speed of flight when approaching the terget, If the pilot notices
'~ explosions of anti-aircraft shells to one side of his plane, he may use one of the
! mors common maneuvers in this case, consisting of turning in on the burst clouds,
since the anti-aircraft gunners, upen noting that their shells explode to one side
of the target, will introduce corrections in their firing emd set their sights over
in the direction of the target. As, by then, the target will have moved, the shells
will explode on the other side of the plane. This maneuver is easy to see through,
. and the enemy on the ground may actually fire a second salvo without correcting his
~ aim, in which case the airplane will find itself in the zone of fire,
Many pilots use 2 maneuver consisting of alternating turns towards and away *
from the anti-aircraft explosions, such as, for example, twice towards and the
third away, or some such combination. This confuses the anti-aircraft gunmers and

prevents them from predicting which side the plane will turn to as they prepare

] to fire their next rounds In evasive action, variety is extremely important. Course

and altitude should be varied. The combination of all these techniques allow *
 turning in on and attecking the target., The danger of being kmocked cut by tae

'\ anti-aircraft defenses of the enemy is at its highest at the very moment of attack,.

 when the plane must fly in a straight line, If the angle of dive is small, i,e,

) if the speed and altitude of the plane vary slowly, the danger is increesed, To

keep domn losses from enemy anti-aircraft fire, attacks on ground targets may be

: made from altitudes of 1000 to 1500 m at angles of 50 to 70 degrees, Fire on a ’

! plane diving at as great an angle is made difficult because both the speed and
altitude of the plane are changing very rapidlye In the circumstances, however,

~ the sighting and firing fram the plane are also made difficult, s ince the pilot
Haposes of very 1itile tims for carrvine cut his combat sssismment. Purthersars.’

RS arrying Lgmments Xurthermore; .

0l
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‘ _ apart from the fact that the speed of the airplane increaees very repidly and them

- decreases sharply, the pilot has to take the plane cut of the dive at a higher

- altitude, as loss of altitude upon coming ocut of a dive is greater when the andg

_of dive is greater.
On the basis of these considerations, attacks from low altitudes are recom-

.':‘mcnded. In these, the adtacker airplane approaches the target by contour flying, -
concealing himself against the background of the terrain, then jumps to an altitude
~of 200 bo 300 m at a distance of 3 to L4 km from the target, and attacks the latter

" at a small angle of dive from that altitude.

— s ae s s . ih s a1 D o3 - = Moo
Wnen avbacking & pin-poinl armored Vargovy 1475 SHCULA UE OpenEU av UhS CluSoow

" possible range and at whatever angle will cause the shells hitting the target to

" T penetrate its armor.

- Vehicle columns should be attacked fram the rear or the side, Each vehicle
“should be aimed upon separately. The head and rear of the column should be attacked
_first, so as to arrest the movement of the column and prevent individual vehicles
frcm turning backs After the end vehicles have been put out of commission, attacks
:Ishould aim at destroying the column, Since wehicles are generally spaced at relati-

“vely wide intervals, comtimous fire along the entire length of the column is not )
fadvised. Uninterrupted fire along the length of the column is permissible when

L.

“;g:onvoyu are involved, since transport vehicles are likely to follow one ancther at
40

close intervals.
4 “:.j i
_%}frc- the back or from the side, Sighting and firing should be directed at individed

i

Tank columns should be attacked in the same manner as separate tanks, e.ge

Infantry columns should be attacked from low altitudes at small angles of din.;
|

50

-At such angles, the area under fire is increased considerably as a result of bullets

~Xa.nd shells ricocheting from the ground. |

In sttacking railwsy transpart, the locomotive must first be put out of com= |

{
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mission; then the halted train may be destroyed by repeated approachess
Fire on large ground targets should be opened at & range of 600 to 800 m,
‘ and directed et the more impcrtant and vulnerable portions,
To time his dive and give it the correct angle, the pilot must be sble to
: accurately determine the moment at which he is required to begin his dive, This
" determination is made difficult by the fact that, when the plane is in level flight,
" the target is hidden under the nose of the plane and cannot be seen by the pilote

To begin the attack in time, the pilot must either select & clearly visible land-
mark Lo onc side, citueted 2t approximaotely the ssme disiznce se the target; and,
when this iandmark moves into a certain position relative to the leading edge o:t’
- the wing, begin his dive, or else, approaching the target so that it lies to one
side of the plane, begin his attack with a turn-in on the target., In sighting at
" apd firing on ground targets, the pilot must, as in fire upon aerial targets,
) guide his plane smoothly, avoiding jerky movements of the controls and wobbling.
Break-away must be performed with equel skill, since at that moment the plane
' is most vulnerable to anti-aircraft fire, since its lower surface, i.e., its most
extensive one, is exposed.
Break—eway is best performed by means of a sharp climb amd a slight turm, or
: by contour flying with change of direction, and a subsequent climb outside of the
; range of enemy anti-aircraft fire.
: If the target is attacked repeatedly, the maneuver should be varied, since
| otherwise the enemy may succeed in setting his fire and knock out the attacker
| plane. If upon one occasion the plane breaks away with a turn to the left and a
- climb, the next time it should turn to the right, and the third time leave the tar-«
! get at low altitude.

War history provides examples of & pilot repeatedly turning off the target in

. the seme direction and thereby allowing the enemy to set his guns and shoot down

' ‘the attacker,
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In firing upon aerial and ground targets, it is most important to develop
strongly ingrained responses in sighting and firing, which may be acquired only as

& result of serious and systematic training.

Chapter XIII
DISPERSICN OF FIRE

75. Dispersion and Its Causes

Ip to now all our discussions of sighting and firing have heen haged on the

B assumption that, if the plece is properly boresighted, and if the pilot or gunner
i sights accurately, the trajectory of the projectile must pass through the target,

. and that, if the first shell in a salvo reaches the target, accurate sighting will

In actunality, this is not

- 80s Even if, when firing on the ground, we set the piece in a fixed position and

_fire separate shots at a flat target, we will find that the target will have as
many perforations as there were shots instead of a single perforation, as we might

.. have been lead to expect. This means that projectile trajectories do not coincide

:,,_but form what is called a sheaf of trajectories, which cluster around a specific

inagi_nary mean trajectory. The per!‘oratiéns in the target also cluster around a

_ specific central point, termed the mean point of hits, or center of dispersion.

_.__ Tnis central point may be considered as the perforation caused by a projectile

;onllowing the mean trajectory, ‘

The phenomenon of the scatter of hits on the target or the deviation of trajec-.!

L.qtories from the mean is called dispersion, If fire is from & rigidly set piece, the
]
J causes of dispersion are inequalitles in the gunpowder charges of the shells, nnevexr
- ne8s in the weights of the shells, changes in atmospheric conditions from shot to |

shot, vibrations of the barrel, rggou and other factors.

These caunaes ca.nnot be a.llalred for 1n ldvance, nor can they be cmected.

1ok
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Fig. 151. “‘n’ing from the same gun without alterlng aim produces a sheaf of trajece

tories, which cluster arcund a particular mean trajectorye

. They are therefore termed chance causes.
If the gunner is firing menually, to there causes must be added the shaking of
J:he gunne?s hands, his heartbeat, wavering of the piece due to the gunner's breath-':

— ing, variations in aim, stronger differences due to recoil, etce

In firing from an airplane in the air, 8still other causes may be added: vibra-;

tion of airplane parts and firing installations, minor fluctuations in flight cmu!;r
and the decreasé in accuracy of sighting due to its complexity, In firing sslvos, -
the piece may be moved from its setting ih the vertical or horizontal planes.

The sum total of all these causes re;ults in a considerable scatter of the

— projectiles from shot to shot, with consequent sharp decrease in _the effectiveness (

of fire, at tines even to tha point of naking it negligiblo.

105
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At first blush, it might seem that dispersion is not subject to any regulari- !
:tiaa and cannot be allowed for in advance, However, such is not the case. The
- distribution of chance values is subject to definite regularities, which may be
studied and put to use or taken into account in practice, Having studied these
‘ regularities, the gunmer or pilot is in a position to judge beforehand, even before '
j he begins firing, the possibilities of hitting a specific target under given condi-
_tions of fire.

What then are the laws governing dispersion?

The Law of Dispersion

If we fire a few shots at a target and then attempt to find some kind of
‘ : regularity in the distribution of the hits, we will fail: their positions will

L appear to be entirely haphazard,

However, if we fire a large number of shots at the target, the pupnctures will

— show a definite distribution. It will immediately be noticed that the area in
__which the punctures occur is limited. It can also logically be proven that it can
: not be infinite, However poor the eunner, he will never allow, at a range of say
:100 m, a deviation of the bullet fram the sight bead exceeding, for example, 2 m.

» _—. Consequently, if the gunner fires a large mumber of shots, an area of 4 x § m will
u: gradually be filled with hits, This filling of the area will not take place evenly,

and the points of impact will tend to cluster in the center of the target and to

thin out toward its edges. After a very large rumter of shots has been fired, the <
21 |

- 'area of hits will have gradually assumed the shzpe of a circle or elipse flattened
(__._' vertically or horizontally to varying degrees.
S

) —{ Points of impact in the dispersion area are distributed symetrically in rela-
’ jtion to the dispersion center. If we draw a vertical and horizontal line through V

~—' the center of dispersion the points of impact will occur in egual numbers on both :
i i

o j sides of each of these lines. These linaa are called, respectively, the v;rtvféﬁ“
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N
_ and horizontal axes of dispersione

The regularity observed in the distribution of points of impact in the disper-
sion area is called the law of dispersion.
If we draw straight lines on either gide of the vertical and horizon?al axes
of dispersion and make them parallel to these axes in such a manner that the re-

! sulting strips include 25 percent of the total number of impacts, the entire disper—

sion area will include 8 such strips of equal width in the vertical direction, and

8 in the horizontal, If we count the

o
L

B perceniags o

bmks fn subme
impacts in subsequent

" strips, we will find that it will suc-

" cessively equal 16, 7, and 2 percent.

Fig. 153. Each one of the eight verti-:
cal and horizontal zones of the ellip-

soid of dispersion contains a definite
percentage of hits, :
¢

i The two strips adjoining the axis of dispersion contain the larger portion of im-

pacts, as hits are concentrated in these bands. One half of the width of the band

’:—- containing the larger half of the impacts ie called the horizontel (or vertical,

54 .. depending on_its position). probable deviation.

5. ... Probable deviation is represented by the letier Be
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roved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1



ed Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

To indicate the direction in which probable deviation is taken, the following
symbols are used: Ev for probable deviation in height; B; for probable deviation in
' range; and Rn for probable lateral deviation. The width of the area of dispersion
.,,.,‘;contains 8 bands, each equal to one probable deviation in width and is therefore

‘_ designated as 8B,

At their intersections, the vertical and horizontal bands form quadrangles,
each one of which contains a defirite percentage of hits, This percentage is not
: difficult to calculate. If, for exsmple, a quadrangle is formed by the intersection
. _of bands containing 16 percent and 7 percent of hits, the quadrangle will contaln
PSTCenv of T percent of hits or 7 percent of 16 percent of hits, To rind 16
— Percent of 7 percent, one must divide 7 by 100 and multiply by 16, or, to find 7
v, Percent of 16 percent, one must divide 16 by 100 and multiply by 7, i.e., in both

caaes the two figures are multiplied one by the other and divided by 100,

—-—Figs 154. . Probable deviations laterally By, in height B, and in range By.
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“ - In this case, the percentage of hits in the quadrangle will equal
‘ ;.é_z__]_ = 1.12 percent, The percentage of hits in the other quadrangles may be cal-
‘ctﬁted in the same way,
In this way we will obtain a grid giving percentages of hits for each quadran—'3
gle. This grid is called the scatter grid.

A scatter grid may be drawn up also on the basis of another principle, If we

_ take vertical and horizontal strips in the ellipse of dispersion, these strips co-

_ inciding along their medial edges with the vertical and horizontal axes of disper—

_ cisa, ond conteindng 70 percent of 21l hite; we will find that there are three such
" strips within the ellipse in the vertical and horizontal directions, and that the
. “, peripheral strips will each contain 15 percent of all hits, At the intersection of

" the middle strips at the center of the ellipse we have a quadrangle containing

_ 70 x 70 o L9 percent or, in round figures, 50 percenmt of all hits. This quadrangle
100 .

__ containing that half of hits that shows the greatest clustering and is closest to
" the center of dispersion, i.e., the better half, if called the heart.
The heart may be imagined as an ellipse, analagous to the full ellipse of dis-

_ persion, or as a circle around the center of dispersion whose radius is such as to
describe a circumference enclosing the better h&lf of all hits. The radius of this
" circle 1s called the probable radial deviation.

The dimensions of the ellipse of dispersion, and therefore the dimensions of

:rt,he heart, depend on the quality of the weapon, the skill of the gunner, range to

} target, the camplexity of the factors taken into account in sighting, meteorologi-

_ical conditions and other causes,
However, the size of the ellipse of dispersion cannot fall below a certain
! minimum value which depends on the weapon and its installation.

In actual calculations.of the magnitude of dispersion, the deviations in
height and laterally are assumed to be equal, i.e., the surface of dispersion is

assumed to be a circle, Practice has established certain norms for dispersion T
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Fig. 155, Scatter grid. Each square

contains a definite percentage of hits,

15%

" Fig. 156, Heart bands and heart of

ellipsoid of dispersion.
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and these norms may be attained by a
gunner with average training,

The better the gunner's training, the
be‘tgter he knows his weapon and his 8ight,
the more thorough he is in the upkeep of
these, the greater the care with which he |
stores his ammunition, the better he is
trained in sighting and firing, or, if he
is the pilet, ths betier control he has of
hiz airplems, the smailer probable devia
tion will be when firing. It may in fact
be saild that the magnitude of the area of

dispersion depends mainly on the gunner,

Probable radi alj

deviation

0
e e
—_

iCircle, containing th;: more
successful 50% of hits
C

Figs 157, Probable radial deviation,
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N 13

.17+ _Compactness and Accuracy of Fire

The skill of the gunner in firing may be judged from the size of the ellipse
’ of dispersion. The more uniform the aim of the gunner, the better he ia able to
concentrate his hits in the smallest possible area, the more skillful may the éunner
be said to be and the greater will be the so—called compactness of his fire,

Fig. 158. Compactness and accuracy of fire. a~ campact, but poorly aimed fire;

well aimed, but scattered fire; c-~ well aimed and compact fire,

In addition to chance causes which result in the usual dispersion, there exist
. jalso consfant factors effecting equally the flight of projectiles in a given series,
A:A.mong such causes can figure a wind constant in direction and strength, a defective
“__fsight, etce These causes deflect the course of the projectiles in a constant direc-
_tion and by a constant smount. Under the gction of constant causes, the entire

+5_lsheaf of trajectories is deflected in the direction in which these causes are scting

“i‘rcm the position which it would otherwise occupy,. Constent causes do not affect

dispersion, but merely shift the emtire sheaf of trajectories in a given direction. :
1. The effect.of constant causes on the accuracy of fire mey be counteracted by the ...’

IS }ntroduction of corresponding correcticns into the device used in sighting or in the»%

|
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"

process of sighting itself.

If it is not possible to eliminate the cause of the deflection of the entire
sheaf of trajectories, this deflection may be counteracted by changing the setting
. of the piece by moving it a certain angle in the direction opposite to that of the
deflection.

The correct orientation of fire which must be cambined with campactness is
called accuracy of fire.

In accurate fire, the mean point of hits or dispersion center must coincide
with the center of the target, while the dimensions of the ellipse of dispersion
must be reduced to a minimum.

Thus, accuracy of fire depends both upon chance causes affecting the magnitude
 of dispersion and upon constant factors affecting the position of the center of dis-
persion relative to the center of the target.

To achieve accurate fire, the gunner, in addition to sighting in a2 uniform
manner and thersby decreasing dispersion, must also be able to take into account
and eliminate constant causes deflecting the dispersion center fram the center of

_ the target.

' 78, Probsbility of Hitting Target

If we know in advance the dimensions of the target and the dimensions of the
area of dispersion, we may estimate the effectiveness of fire on that target. Let

) . us assume that we are firing from a pistol at a wall measuring Lxkhmat a range
;oi' 25 m, aiming at the middle of the wall, It is obvious that in this case the

_ size of the ellipse of dispersion cannot possibly exceed the size of the target,

a.nd that each shot will reach the target. This means that if the size of the tar-

.; get exceeds that of the ellipse of dispersion all the projectiles released at the

fire on serial and ground targets, target
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dimensions are considerably smaller than those of the ellipses of dispersion that
correspond to given conditions of fire, and for this reason only same of the buuatg
released at the target will reach it. If, for instance, target dimensions are such
that the target occupies an srea exactly coincident with the heart of the ellipse,
. only 50 percent, i.e., half of the projectiles aimed at the target will reach it
‘and that only on the condition that a large number of shots is fired.
It should not be assumed that if four shots are fired at the target two of
them will necessarily hit it. Of all the projectiles fired at the target, 50 per-
" cent will reach it only after a large mumber have been fired, say 100 or more,
; 2and it wmay he that 2l
_ of our four projectiles will hit the target or that all four will miss it, c;r that
" only one will hit the target, in which case it will constitute not 50 percent, but
25 percent of those fired.

Therefore, in firing upon a target whose dimensions are smaller than those of

' the ellipse of dispersion, the possibility of hitting the target with a specific
" mumber of projectiles can only be estimated with a certain degree of probability.
_ The greaster the dispersion, the smaller the dimensions of the target and the greater
“ the deflection of the center of the ellipse of dispersion relative to the center of
- . the target, the lower the probability of hitting the target.
.;, Let us call the probability of hitting the target the expected percentage of
) A projectiles that hit the target of all those fired at it on the corndition that a
We must immediately note and remember that the actual percentage of hits in
firing will always differ from the probable percentage of hits and only if a very
‘ large number of shots is fired will the actual and probable percentages of hits
’ kﬂ‘ coincide.
In contradistinction to the probability of hitting the target, the actual
pe;;e;zt:ga>int;hi},a is tefmed froqu;ncy. ' o
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Let us assume that a card is taken out of a pack at randome The question asked
 is whether the card removed will belong to & red suit. Since the pack contains an

. equal mumber of cards of red and black suits, it is obvious that it is Jjust as like—
Al we repeatedly removed cards from the pack and put them back each time, half of the

of picking a red card equals one half, If the rumber of experiments is limited, the

frequency will depend on the pumber of these experiments and the smaller this number

i : the more frequency will differ from probability.

Let us assume that we pick a card only once, The card picked may be red or

o » btlacks In the first case the frequency with which a red card will appear will equal
. |

T unity or 100 percent. In the second case freguency will equal 2ero, and therefore

,ﬂ frequency will in no way equal probability. This implies that one si negle experiment

" _is not sufficient grounds for any conclusion as to the laws governing the occurence

" of a particular phenomenon (in this case, the appearance of a red card). If we pick

‘ a card twice in a row, we may legitimately expect that one of these cards will be

ﬂ red, the other black, since the probability of both kinds appearing is equal, It
,{may happen, of course, that one of the cards will be red and the other vlack, but it

,:may also happen that they will both be either red or black, In the first case, the

;f:requency of appearance of the red card will equal the probability, and in the

second case it will equal unity, i.e., 100 percent, and in the third case it will be’
Zero,. }
If we pick a card ten times consecutively, it is not very probable that all

ten cards will be of the same color. In other words, the fregquency of the appear-

If we pick a card one hundred times it is already quite impossible that the 1

—hundred ehould either all be red or black, The mumber of cards of both colors will |
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‘be very close to 50, After a very large number of experiments, the percentage of
" red cards picked will equal that of the black cards.
Applying our reascning in the field of serial gunnery, we may say that if the
. probability of hitting the target is known to us, the number of actual hits will N

l _ equal the probable number only if a considerable rumber of shots is fired, For &

—~
} small number of shots, the mumber of actual hits may be above or bslow the expected

_ number.

¥hy then should we bother with this question, if the number of actual bits will
" aiffer from the mumber expected and if a knowledge of the probability of hitting the
"~ Largst is in itself no indication as to whether the target will be hit or not?

It has been found that the abhity to caleculate the probability of hitting the

- target allows the solution of a whole series of practical problems, particularly in

" bombing and firing.

If the probability of hitting the target is known, it is always possible to

_estimate approximately how many projecti les will be needed, how many approaches tec
_ the target should be made and how many airplanes should be assigned to knocking ocut
‘ the target.

W?&rset Circle of dis- If, for instance, the probability of
7 Cizcle of jpersion

-Adispersion target hitting the target under given conditions

/ of fire equals 5 percent, and if no less

A b than 6 hits are needed to knock out the

a LI
Probability of hitting the tarjtarget, it will be necessary, in order to

an

" TiFig. 159.
) a- if the dimensicrns of the target |hit the target even with one projectile to:

T:llexceed those of the circle of dispersion, {fire as many times as 5 percent goes into :
k ( jall projectiles hit the target; b~ if the {100 percent, i.e., % = 20 times; to have;
Jj~‘,dimensions of the target are amaller than |6 prcjectiles hit, it will be necessary to‘
?jw—thoee of circle of dispersion, only some |fire 6 times as many shots, i.e., 20 x [ =
; {j‘p;;j;ct;.le; t:it the },arget in that caaek. ;L26 shots, If, in the course of- a' siﬁgle ;

- . . . e

1s ﬁ
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attack, the gunner can fire only some 30 shots, this means that to knock out the
’target the plane must make l; approaches, or that L planes must consecutively attacke
In the actual course af attack, it may happen that the target will be ¥nocked
out in the first approach, but it may also occur that even S approaches will not
"' guffices This depends on & whole series of chance causes which cannot be predicted.
o However, if the number of attacks is very large, each L attacks will lead, on
v the average, to 6 hits on the target. Therefore, & nowledge of the probability of
the varget and the mmber of hits required to knock it out allow necessary
- preliminary calculationse
; It may aiso be noted that the standards used in evaluating practice fire are
also derived from the theory of probability.
On what, then, does the probability of nitting the terget d evend?
The probability of hitting the target depends primarily on the relationship
" between target size and the size of the ellipse of dispersion. The greater the area
"\ of the target, the greater the prohabﬂity of knocking it oute
o The probability of hitting the tarzet will decrease if the center of the
‘ _ ellipse of dispersion moves relative to the center of the target. When there are
no constant causes tending to shift the entire sheaf of trajectories in relation to
:‘ the target, or when such constant causes are taken into account by the gunner, the
,_J center of dispersion coincides with the point at which the gunner is aiming to dired
" the flight of the projectiless If the gunner is not aiming his projectiles at the
1 center of the target, or 3f he has not allowed for constant factors deflecting all
trajectories from the center of the target, then the center of dispersion will sh;u'f;
' ‘(n away from the center of the target and the target itself will be moved to those
bﬂ‘ parts of the ellipse of dispersion which receive smaller numbers of hitse If it
| happens that the center of dispersion is situated outside of the boundaries of the ’

s distance equal or greater than L probable deviatioms, not a single

710 will hit the targst. Thus, the probability of hitting the target

116
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The center of disper-
sion coincides with the
. center of the target The target is
‘The denter of dispersion outside the
“"fails to coincide with circle of
dispersion

" Probability of hit-

it _.ting uhe targei P
8 1

20_.
_iFig, 160. As the center of dispersion is shifted away from the center of the tar-

P

get, the probability of hitting the target decreases,

depends not only on the dimensions of the target relative to the dimensions of the
_4 ellipse of dispersion but also on the position of the target in the ellipse, i.e.,
.. on the extent to whichk the center of dispersion is shifted away from the center of
d 'ﬂ,._‘the t arget.
! Numerically, the probability of hitting the target may be expressed as the rela-
ion between the number of projectiles hitting the target and the total number of
- jprojectiles released at it, Thus, if we say that the probability of hitting the
‘ ‘fix-j%target is 1/h or 3/5, this means that in the first case of every i projectiles re-
"»T'jleased at the target one, on the average, will hit it and, in the second case, out
of every 5 shots 3, on the average, will result in hits. All this, of course,
5_.applies only if there is a large mumber of shots.
The probability of hitting the target may also expressed as a percentage, To

ldo this we need to know the percentage of projectiles that hit the target as com-

i
-ipared to the total number released. In our examples, the denaminators of the frac-

tione-stand-for the total number of projectiles released, i.e:, 100 percent,;—while

5xxjt‘h_emmg:e§9rq represent the number of projectiles that have reached the target,y
_

st

nz
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i.e., p percent, By converting the proportions we get, in the first instance,
):.lT- 8 » whence p =I]f 100 = 25 percent,
" and, in the second case,

3 = orp_3 60 percent,
;_5.' =§100 =

Thus, a probability of hitting the target equaling 1/4 is the same as a proba-
bility of 25 percent, while a probability of 3/5 is a probability of 60 percent.
The probability of hitting the target expressed in percentages is called the
- probable pPercentage of hits,
Tf the muwber of shots fired is small, a knowledge of the probable number of
- _hits does not allow predicting the effects of fire, but does allow a samewhat
_ reliable estimate of the rnumber of hits for a given number of shots at the t arget,
In order to judge the possibility of knocking out the target with a given
_ number of shots, it is necessary to be able to determine the probability of hitting

the target,

79. How to Determine the Probability of Hitting the Target in Aerial Gunnery

The probability of hitting the target may be determined on the basis of the law

‘ orf dispersion, the size of the ellipse of dispersion, the sige of the target and the

‘N position of the center of dispersion relative to the target,

There are several methods for calculating this probability and the one used
;‘depends upon the shape and the size of the target.
| The most accurate, and at the same time the most cumbersome, is the so—called »
,;method of probable deviations. In estimating the probability of hitting the targat ‘
by this method, it is assumed, for the sake of simplicity, that the area of dispet-‘
l ion in a plane perpendicular to the direction of fire has the form of a circle,
{tha.. the center of dispersion coincides with the center of the circle,

ﬁe he probability, it is necesaaryw know the proJection of targert b

117K vy gy R et g
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dimensions on the surface of the circle
of dispersion. If we draw the target
(in the perspective in which it is seen

Probability of hitting -
the target by the gunner) and the scatter grid on

the same scale, and superimpose the

4,

scatter grid over the target in such a

"'513 way that the point of intersection of

the dispersion axes (i.e., the center of

1

the circle ot dispersion) coincides with

Fig.  161. The probability of hitting the the center of the target or with the

' .. target may be determined by superimposing point of aim on the target, we may then,
. a scatter grid over the target. by adding the percentages for the qua-
drangles covering the target, calculate
" the total probable percentage of hits on the target. The percentage for each qua-
. drange must be taken in its entirety if the quadrangle covers the target in its en-
tirety and in part if the quadrangle covers the target in part, the part depending
.upon the extent to which that Guadrangle covers the target. The dimensions of the
) target arewsually known with a certain degree of accuracy, while the dimensions of
Jthe ellipse of dispersion may be taken frea a special table in accordance with the
__ conditions of the attack and the range of fire. To draw the scatter grid, a square
) is required, measuring 8 probable deviations vertically and horizontally as deter-

) ‘,m_nsd from a table; this square should accordingly be divided into 8 horizontal and

vertical bands, and the corresponding percentages of hits entered in the 6l result-:
iing squares.

In cases where the target fits entirely in the heart of the circle of disper-

{
sion, the so-called heart method method is used, In this method, it is assumed that

impacts are evenly distributed over the heart surface and that the percentage of

m.r,s on the target will be amaller than the percentage of hits in the heart area

B
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,‘Probabiliby of hitting
the target 50%
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"Fig. 162, If the target fits in the
Z

i W,’.hearb of the dispersion area, the VZ

MR N

/

' probability of hitting the target Fig. 163, If the target is of such a length

, may be found by camparing the sur- as to exceed the diameter of the circle of

""" races of the target and of the dispersion, the probability of hitting it

heart. may be found by reference to the heart band

or by the calculation of probable deviatione

_ by as many times as the surface of thetargetis smaller than that of the heart,
If the target is of such a length as to exceed the diameter of the circle of
; -f.i_dispersion, while its width is inferior to the width of the heart band, it is possi-
4i_ble to estimate the probability of hitting the target by the heart band method. In

EReS Vth:l.s case as well, it is assumed that impacts are evenly distributed in the heart

‘band and that the percentage of hits on the target will be smaller than the per-

!

tD,Aicentage of hits in the heart band by as many times as the surface of the target is
ﬂanaller than that of the heart band. As examples of such long targets, we may cite |
_irailwsy transport, infantry columns, trenches, convoys, etc. :
The probability of hitting the target does not in itself determine the mmber

_lof expected hits, which depends rather upon a series of other causes and conditions

of fire.

I
|
i
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'80. How tc Determine the Number of Expected Hits on the Target

It is possible to determine the number of expected hits on aerial or ground

‘.- targets only if the number of bullets or shells released at the target is known and

' £ 1% 1s known whether all the bullets and shells fired will be involved in. inocking

‘2 out the target,

The number of shells or bullets released at the target from an alrplare depends

{¢..;on the time spent firing, the number and the firing speed of the machine guns and

erticipating ei in fire on the terget. The duration of rire

2 .N..-.depends in turn on the conditions under which the firing takes place.

Vhen firing on a stationary ground target or an aerial target at a foreshorten-

- ~.ing of number O/k, the pilot or gunner must use tracking fire until closeness to the

, target requires the cessation of fire and break-sway. All the shells and bullets

:ﬂ.releasediqen firing under such conditions may be involved in knocking out the target,

When firing on a target whose foreshartening is 2/l or more, the gunner or pild

- -~as we have already seen, can use only barrage fire in the form of separate salvos

jand allowing the target to pass through the sheaf of trajectories at each salvo. In

¢ .. fire of this type, not all the shells or bullets released may participate in knock-

©o--ing out the target, since the only ones involved will be those crossing the surface

";of the ellipse of dispersion (situated at the same range as the target) at the time

Jthe target crosses the sheaf of trajectories. The number of bullets and shells in- i
—j'volved will be greater to the extent that the; interval of time spent by the target

4 —}1n the sheaf is greater; in turn, the smaller the foreshortening of the target, the
— ;
—longer it will remain within the sheaf of trajectories,

48
8

Let us agree to call the bullets and shells of the salvo that may be involved

:i.n knecking out the target effective bullqts or shells and represent their nmumber

-t

By knowing the probability of hitting the target and the mmber of effective |

.121
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_bullets in the salve, we may determine the average number of expected hits or, as it

called, the mathematically expected mmber of hits.
If all the bullets in a salvo are effective, ths mathematically expected number.

of hits will equal the probability of hitting the target. If, for instance, this

" probability equals P and the number of effective projectiles in the salvo is N, the
) mathematically expected rumber of hits will be found by the following reasoning:

" the probability of hitting the target is the percentage of 21l bullets released that

will strike the target; therefore, if the mumber of effective bullets if N, one per-

et o . ny N e and = Darcan Thir wm 2
cerni " 31X bs N and p percsm This means

1

thet the mathe.

‘  matically expected mumber of hits will be

¥. Eo _pN_.
100

This formula is valid only in those cases in which the probability of hitting

" the target is equal for alllullets. This can be true only when the target does not
" move in the trajectory sheaf perpendicularly to the direction of fire, i.e., when

) ‘ fire is on a stationary ground target or an aerial target at a foreshortening of

0/Lk. If the target is crossing the sheaf of trajectories, the first effective

bullet released will have an insignificant probability of hitting the target, since

at the mament the target is only barely entering the ellipse of dispersion. Sub-

) sequently, the probability of hitting the target will increase for later bullets

' as the target approaches the center of the sheaf of trajectories, and will then de-f

crease as the target begins to leave the ellipse of dispersion. Designating the

| probability that the first effective bullet of the salvo will reach the target by

_: P, that of the second effective bullet by pp, that of the third by p3, and so on, ‘

| to Pys representing the probability for the last bullet in the salvo, we will ob- !

tain the entire probability in the form of the sum of the probabilities for separ-:

| ate tullets, i.ei,

PuPL £ P2 £P3 F oo $Pxe

&
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The mathematically expected number of hits will then be:

100 ®

Fig. 16Lk. Passage of target through a sheaf of trajectories.

So as not to have to calculate the probability separately for each bullet of

. the salvo, it is assumed by approximation that the expected mumber of hits in a tar-

get moving theough the ellipse of dispersion is one half the rumber expected if the .

- target is motionless.

M. E. pN or M. E. _pN.

=1
Z 160 200

Thus, it is always possible to determine with a certain degree of accuracy

17__ the expected mumber of bullets in a salvo which will reach the target. It may be

i
4%-.inoted that the expected number of hits in barrage fire is found to be very small.

-—; In conclusion, we may note that all our reasoning concerning the trajectory of;

52—
; qthe projectile, set forward points and corrections for the effects of Yarious

”—-i factors on the accuracy of fire must be considered, now that we know ebout dispevzt
5 i i
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" sion as applying to the mean trajectory of the projectile, since no single trajec-‘
tory can ever be calculated exactly due to the effect of chance causges,
Here we will conclude our examination of fire on the basis of an allowance for

.. absolute target velccity. The chapter on dispersion applies in full to cases of

__e fire on the basis of zn allowance for relative target velocity, with only minor mod-—

T ifications, of which we shall spezk later,

Let us now, then, pass on to a type of fire quite different from ths ome. oxem-

ined siready, and study the practical conclusions to be drawn fram it.
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PART THREE

FIRE ON THE BASIS OF ALLOWANCE

FOR RELATIVE TARGET VELOCITY

We now nmike the acquaintance of a specialized and very interesting branch of
“aerial gunnery, the theory of fire on the basis of allowance for relative target
velcclty.
It is concerned with the salution of the same problems as those examinea in the
" first pert of this book, but by means of an entirely different and highly original
~ apnroach involving an allowance for the apparent., or, to rut it more simply, the
= seeming, motions of the target and of the projectile.
Taking into account this apparent motion of the target, Whlch does not actually
-je.xist for the stztionary observer, leads to quite unexpected and unusual results.
:‘f‘ne cannot help but be surprised that fire on a target whose actual velocity and
:direction of motion are not taken into account at all can lead to results which are
_ as accurate and as effective as when these factors are allowed for.
Tt is indicative that, up to the present time, it has not been possible to de-
;i _sign an autamatic sight which would take into account absolute target velocity,
_:'jwhi_le automatic sights designed on the principal of an allowance for relative target:
"jve].ocity have been in existence for a relatively long time despite the fact that th$
! j;‘branch of the theory of aerial gunnery is relatively new. As long ago as 1940, we
j:&:ad perfected the design of a sight which allowed for relative target velocity and
4 ”’:‘;nade use of a gyroscoplc geage of angular velocity.

Today, autamatic sights sre capahble of reckoning relative target velocity and

5 | ;

Sl-—are widely used in the air force. These sights free the gunner entirely from the

. |
G ‘noee»itvy of performing any kind of calculations. The gunner's task is reduced-to.

a8 :Erattmingl mmber of purely mechanical acts which are learned through training 1n_‘

125 i
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-, 8ighting with the help of special training devices.
! To the extent that a sight simplifies the work of the gunner, its design be- )

the principles of its construction and operation becans more‘l

i
/comes more camplicated,

camplex and the theoretical basis of its operation becames harder to understand,

Generally, the concept of relative motion is grasped with a certain amount of

v
‘difficulty and the concepts of relative angular and linear leads are frequently

-particularly hard to assimilate,
We will attempt to examine all the problems of fire on the basis of reckoning

velocity and consider each new concept in detail as it is introduced,

. relative terast 5

What then is the nature of fire with &lailive tarpet velocity?

AR S VR

s s

e LN
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Chagter I
RELATIVE TARGET VELOCITY

181, How to Find Relative Target Velocity

i
In the second part of this book we defined mechanical motion as relative motione
We established that the motion of any object may be observed only if it moves in
Gulier bodies which are arbitrarily assumed to be stationary, and we

V called absolute motion motion reletic &t rest, As we have already

'~ stated, we cannot point to any body in the universe that is at rest, We occasionally

7 observe bodies which appear to be at rest, but appearances are deceptive. Under

-, terrestrial conditions, we may take the Earth as a stationary body. In the same

-- manner, we may take the sir, the water in a stream, etc., as stationary bodies and

- agree to consider absolute any motion relative to them.
The solution of the problem of which body of those around us we may conveniently

consider stationary depends on how the problem of motion is posed, If, for instance,

. We are asked how many kilometers one ship will lag behind another after an interval

oi‘ two hours, if they are moving ih the same direction, one at a speed of 10 km/hr

" and the other at a speed of 7 km/hr, we will give the answer as 6 kilometers without
'—'1

. stcpping to think, since in one hour one ship will lag 10 - 7 = 3 km behind the

-~ other and will therefore lag 6 km in two hours., In this case we are not at all in—f
: terested in the speed of the current relative to the shores of the river., We

|

~ "'g} examine the motion of the ship in relation to the water, assume the water to be
+:7

i »1, stationary, and agree to call absclute the motion of the ships relative to the

j
».—i water,
|

If the question is asked diftez'ently, €.g., how much earlier the faster ship
i
,Will reach -a point situated at a distance of 60 km, we will immediately ask. the .

’direction and speed of the river current, If the speed of the current iz 5 'ﬁ/hfy__‘

—
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.. and the ships are moving downstream, their speeds relative to the river bank will be
respectively 15 and 12 km/hr and they will cover the entire distance in respectively'{
'l and 5 hours snd one ship will therefore have & lead of one hour over the cther.

If the ships are moving upstream, their speeds relative to shore will be 5 Y
" km/hr and 2 km/hr and they will cover the distance of &0 km in 12 and 30 hours

‘ respectively and the difference in time will be 18 hours.

This example shows clearly that in one case it is siufficient to consider motion
relative to the water while in the = 5 53 it =

- place relative to the river bank, i.e., the Earth.

In the first case, we may agree to call absclute mction relative to the water,

. V and relative the motion of the ships in relation to one another. In the second

_ case, the motion of the ships relative to the Ejrth must be c onsidered absolute

; while their motions relative to the water and to each other must be considered as
__relstive, The motion of the water and the river relative to the banks in this case
.is called transfer motion. '
- In firing at ground targets from the air, the motion of the target, that of

V ':V‘the gunner's own plane and that of the projectile are examined in relation to the
v' " Farth and considered absolute. Air motion (wind) relative to the Earth is & trans-

\ . fer motion, while the motion of the target in relation to the gunner's plane is

) ._u relative motion.

In firing upon an aerial target fram the air, the motions of the target, pro-
.~.,__\jectile and gunner's plane relative to the alr are considered absolute, and the air |

|
__!is considered immobile, since its motion relative to the Earth has no effect on the

A1l motions relative to the gunner in aerial gummery are termed relative

and to examine the suTrounding bodies

1K S . . - B
JI in relation to oneself. If a gunner in an airplane in flight views a target which |

e
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ria following him at a velocity equal to his own, despite the fact that both air-
‘planes may be flying at very high speeds, relative target velocity, 1.8« its velo-
city relative to the gunner, will equal zéro. The target is motionless relative to !
the gunner.

Like any mechanical motion, relative target motion 1s characterized by its

lvelocity. The velocity of the target's relative motion, or, relative target velocity,

is the veloclty at which the target moves relative to the gunner, Let us designate
relative target veloclty as Vi.
To clarify the concept and manner of determination of the magnitude and direc-
tion of relative velocity, let us give a few examples.
A passenger sitting in a reilroad car moving at a speed of Vl may think of the
train's and his own motion relative to the Earth and the objects surrounding the
‘ train or he may assume that he is stationary and that the Earth and surrounding
objects are moving toward him at a velocity of Vl. In the first case, the velocity :
7 - of the train and of the passenger will be an absolute one and its vector will be ‘
oriented in the direction of the moction of the train relative to the Earth and will
equal ¥.. 1In the second case, the velocity of the sarrounding objects relative to
the passenger will be a relative one equal in value to the velocity of the train but
oriented in the opposite direction, that is to say, \_rr = V.
‘;~; If a second train is moving in the opposite direction with a velocity of ;,
. ;then the absolute velocities of the passenger and the second train will equal re-
spectively Vl and -;, oriented in opposite directions, However, the relative
- valocity of the second train, i.e., the selocity with which it is appreaching the
- paseenger, will equal the sum of the numerical values of veloclties Vl and Vv, and
‘will be oriented in a direction opposite to that of the motion of the passenger.
This is easy to establish if we imagine the passenger as stationary relative to

Then, so that the approaching train will have the same velocity as
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" absclute velocity mimus v added to the velocity of the passenger oriented in the

" opposite direction.

To determine relative velocities for approaching motion, it is necessary to add

| to the vector of the velocity of approaching motion the vector of one's own velo-

city oriented in the opposite direction.

If another train is moving parallel to the observer's at a velccity of v

oriented in the same direction as that of the observer's motion, the relative velo-

" city of this train may be found by the following reascning, If the velocity of

: both trains is equal, relative velocity 'v'r will equal zero, i.e., the train moving

} alongside the observer will be stationary in relation to him. If the velocity of

_ the second train is less than the velocity of the observerts train, the former will

lag behind and its relative velocity will equal mmerically the difference b etween

" velocities v and Vl and oriented in a direction opposite to that of the observer'g !

| motion.

Absolute 5
velocity

"Rel ative 'D

velocity

Fiz, 165, For actusl absolute motion, Fig. 166. Relative velocity of train movf-;

it is possible to substitute the rela- ing in opposite direction found by assum<

tive motion of surrounding objects in ing observer’s train to be stationary,snf
’ i
- .« the’ opposité direction. . oncoming train as moving st a velocity +d

which the value of Vy ha.a.,hgp..a@d_og._m%
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If the velocity of the second train is greater than that of the cbserver's
h train, it will pass the latter and its relative velocity numerically will again

_equal the difference between velocities v and Vl, but oriented in the direction of

.. the observer's motion.

Let us examine yet one more case of relative motion. Let us assume that a
. passenger in an autamobile is observing the motion of another automobile, moving at

an angle to the direction of his om motion (Fige 169)s In this case, how do we

T Fig. 167. A train moving in the same Fig. 168. If the velocity of a train

; direction as the observer appears to be moving in the same direction as the
|

‘ moving in the contrary directiom, if its observer exceeds that of the observer,

. # velocity is inferior to that of the ob- it appears to be slowly moving in the

server. same direction as the observer is moving.,

"} find the relative velocity of the second automobile, i.e., its velocity relative to!

: the passenger? ;

Let us assume thet at a certain initial peint in time observer is situated.
M‘at point O while the sutamobile he is watching is at poimt O;. If the observer

were stationary, the automobile would need one second to cover the distance cqrres-é
ponding numerically to its velccity and to arrive at point Ay, The relative velo- ‘

1.eity of the amtamobile would then equal its absoclute velocity ve Let us assume _
o i
| that after the autamobile has moved to point A4 it stops, but the observer movas,

3
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In one second the observer, having traveled the distance corresponding to his

) :own velocity, will arrive at point Bl and will see the automobile in direction ByA.

Such are the absolute motions of the observer and the autamobile.

To find the relative change in position of the automobile, the observer must

’ _; imagine himself as stationary and, as before, situated at point O. Then it will

R

s

:H seem to him that the automobile is moving toward him from point A1 at a velocity of

L -Vl, equal to the velocity of the observer and that in one second it travels the

distance corresponding to this velocity and arrives at point G,

Since the motion of the observer and of the autamobile takes place contimuous-—

‘ _'ly and simultanecus, it will seem to the observer that the automobile is moving

)

__ along 1ine 0,C, at a velocity mmerically equivalent to the length of that line.

As a result of this change in position, the observer, who believes that he is

" located at point O, will think that the automobile is visible in direction 0Cy,

i

: ; whereas he is actually located at point B; and sees it in direction BlAl parailel

BT

If we now examine these motions for & time interval of 2 seconds, when the
; second second has elapsed, the autamobile will be at point A;, and the observer will

1\ be at point 82 and will see the automobile in direction ByAye But if the observer

T6_g

' does not notice his own motion, it will seem to him that the sutamobile has moved
from point C; to point 02 and that it is seen in direction 0Cy. This directionm,
|

| CC, will also berarallel to the true direction to the autamobile, ByAs.

Thus, the relative motion of the autamobile will appear to the observer, who

: considers himself stationary, as taking place along line olclcz, and the observer

1will see the automobile, at first, in dbéctim 00) at point O;, then,in one second,

o] ‘
- in direction OCy at point Cy, in two 3econds in direction OC; at point C 2 etee

_| Tt should be noted that this relative motion of the automobile will eppear to be

taking place sideways to the observer, i,e., as he would see the motion of a tug

from a river bank when the tug is pushed sideways at an angle to its course by

132
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In one second the observer, having traveled the distance corresponding to his
omn velocity, will arrive at point Bl and will see the automobile in direction BlAl.
7! Such are the absolute motions of the observer and the autamobiles

To find the relative change in position of the autamobile, the observer must

‘ .., imagine himself as stationary and, as before, situated at point O. Then it will

J seem to him that the automobile is moving toward him from point Al at a velocity of '
. 12 equal to the velocity of the observer and that in one second it travels the ‘
distance corresponding to this velocity and arrives ab point Ty
Since the motion of the observer and of the automobile takes place contimious-—
"1y and simultaneous, it will seem to the observer that the automobile is moving
. along line 0,C at a velocity mumerically equivalent to the length of that line.
As 8 result of this change in position, the observer, who. believes that he is
‘ located at point O, will think that the automobile is visible in direction 0Cy,
: whereas he is sctually located at point By and sees it in direction BjA, parallel

1

If we now examine these motions for a time interval of 2 seconds, when the

" to 0C,.

. second second has elapsed, the autamobile will be at point A,, and the observer will

) be at point 132 and will see the automobile in direction B2A2. But if the observer
h M does not notice his own motion, it will seem to him that the autamobile has moved

| from point C; to point 02 and that it is seen in direction 0C;. This direction,
Thus, the relative motion of the automobile will appear to the observer, who
_| considers himself stationary, as taking place along line 0101(12, and the observer
will see the automobile, at first, in direction 00) at point 0, then, in one second,j
in direction OCy at point C,, in two seconds in direction OC; at point C,, etc.
It should be noted that this relative motfion of the automobile will appear to be

! taking place sideways to the observer, i.e., as he would see the motion of a tug

from & river bank when the tug is pushed sideways at an angle to its course by

132
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0
..wind or current.

In the idiom of aerial E\mnery we may now say that the vector of relative
" target velocity equals in magnitude and direction the geometric sum of the vector of
absolute target velocity and the vector of own speed oriented in the opposite direc-
. tion,

In other words, to find relative target velocity one must mentally arrest the

N S
Path of rela-
tive motion

’ath of absolute motion
of observed object

=t _
g True directions
toward object

—~—
Path of actual absolute
motion of observer

: Fig. 169. The observer moving along path OB, believes he is stationary and situ-
ated at point 0, while the observed object appears to move alcng path 0;C,, where-

as its.true motion is along path OjA,.

motion of one's own plane and, having turned it around in the opposite direction,

ngive" one's own motion to the target. Then the geometric sum of target absolute

4| veloeity and this "given" velocity will equal in magnitude and direction relntq.rvow

g _! target. velocity.
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-

A
T T / AN
—~f ’_1,) — -
- —= —Velocity of
target Vies 1

~—

- Fig. 170 The relative velocity of the target equals the geometric sum of the vec—

T tor of the absolute velocity of the target and the vector of actual specd, oriented

in the opposite directione

It should be noted that this method of determining relative velocity is re-
E zjv../vquired only for theoretical purposes and that it is not necessary for the airborne
gunner, since he sees only the relative motion of the target and has no need geame-

tric formulations.

82, The Concept of Transverse Target Velocity and Velocity of Range Variation

Cbservation of a target from a plane in flight involves a contimuous variation

i
i

the target is such that its relative velocity is oriented along the initial line of .

of the direction of the line of sight and of range to the target. If the motion of

- aim-to--the-target-or along the initial line of sight, the direction of the lm.;ot_:i

! 1‘-,,,8.15.:111 not vary with target motion and only the range to the target will vary, .

13L
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If the relative velocity of the target is oriented perpendicularly to the initial

line of aim, variation in the direction of the line of aim will be at a maximum

while range, for all practical purposes, will not vary. Thus, the relative change

in position of the target will be greater as the angle between the initial line of

sight and the vector of relative target velocity approaches 90 degrees.

At angles

_ intermediate between O and 90 or 90 and 180 degrees, the relative shift in target

position will be greater to the extent that the projection of relative target velo-

city on a direction perpendicular to the initial line of aim is greater.

This pro-

) jection of relative target velocity on the direction perpendicular to the initial

Lateral veloc-
ity of target fo

_——
Veloecity of

range variation

Fig. 171. The relative motion o.f the

target may be seen as motion as a velo-
icity vd along the line of sight, and a
Evelocity vp along a line perpendicular

to the line of sighte

iine of sight is ¢

get velocity and is represented as Vpe
Therefore, the rate of change of the
direction of the line of aim depends on
the value of transverse target velocity.
We will see further on that transverse ‘
target velocity is very impertant in the’
calculation of the lead angle and par-
ticularly in the setting of the lead
angle by an automatic sight.

The variation of range to target
also depends on the a2ngle formed by the
vector of relative target velocity and 3
the initial line of sight, but in this
case the more this angle difffers from :
90 degrees, the more marked the varia-
tion of range to target. If this angle
is less than 90 degrees, the range de- ‘

creases; if it is greater than 90
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- degrees, range increases,
Let us call the velocity of range variation the velocity at which range in-
" creases or decreases and rerresent it by Ve In other words, range variation velo-
city is the velocity at which the target approaches toward or recedes from the
gunner's airplane, When the angle between the vector of relative velocity and the
line of aim to the target equals zero, i.e., when target velocity is directed
straight at the gunner, range will decrease at a velocity equal to relative target
Tf this angle equals 180 degrees. range will increase at that same velo-
’( city. At intermediary afigles, range variation velocity is equal to the prclection
reletive target ty on to the line of aim.
Thus, if we decompose the vector of relative initial target velocity in the

" direction perpendicular to the line of aim and parallel to it, we thereby obtain

) _ respectively transverse target velocity and range variation velocity.

These two velocities fully define the motion of the target relative to the

. gunner.

83. Angular Velocity of Target

Let us imagine that we are observing a target from an airplane in flight

"_‘ throush the sight of a mobile gun installation and that we maintain the pipper

' of the sight on the target. In order to have the target and the pipper coincide all
| the time, the sight must be turned to follow the target at a speed which will be
. greater to the extent that the transverse velocity of the target is greater and thei:
range is shorter. That is, if relative target velocity is directed toward the gun-;
ner or away from him, i.e., if the transvérse velocity of the target equals zero, '
| there will be no need to turn the sight at all and.the target will remain at the

pipper without the sight having to be moved, As the angle hetween the vector of

-~ relative target velocity and the line of aim approaches 90 degrees, the transverse 3

"_{ velocity of the target increases and the sight must be turned faster. As "ﬁ'e'x;ﬁngel

136 (
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to target is increased, the speed at which the sight must be turned decreases, When
we observe an airplane flying at very high altitudes, it seems to move very slowly, .
" since we need to turn our head only slightly to Tollow it. #hen the same plane goes

by at a low altitude, it speed appears very high, since we have to turn our head

‘ ... very quickly to follow its motion.

o

j : 1 ..#\L ’f
lne o arent
Angulai veloe- motion of &
] on of
ity of target o Sarget

‘Angul ar @ acement o I
target during. at.t.ack

" Fig. 172. The angular velocity of the target equals the sngle of the rotation of
_ the line of sight in the course of one second, or the angle created by lines ending

at the two exremities of the vector of the target's relative velccity.

The angle at which the sight turns in tracking the target defines what is
.. called the angular motion of the target, while the angular velocity of the rotation
j‘of the sight defines the angular velocity of target motion.
Let us call angular target velocity the angle over which the line of aim moves
}within a certain unit of time. The angular velocity of the target may be imagined
. Ea.e the angle over which a thread connecting the target and the airplane of the
dw:[ gunner would move in a given unit of time; Since the thread in this case is, as it
ere, a radius of rotation of a length equal tc the range to the target, while the

;trénaveréé ;}elocity of the target may be seen as a linear circumferential velocity 7
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g N

——_ Angular velocity of
target at long range

— —
Angular velocity of
target at close ran e- -

A“'l!l:lar velacity .
wy for Vp = V: y of

——
i

f .
e ,;,Eig.,.l'fh.. -The. Vi 8‘ t y 1 i -
) . -angular eloc.xty of the t rget is directl: proportionel to its lat,

2 Por laver=

al velocity,
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it may be inferred in accordance with the mechanicel formuia W= E’ the angular velo-

‘city of the target at a given moment equals

w-‘ﬁp'

This angular velocity changes continuously, since both the range (as a result

‘ of range variation velocity) and transverse target velocity vary.
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Chapter II

HOW TO MAKE ALLOWANCE FOR RELATIVE

TARGET VELOCITY IN FIRING

"8h. Fire on Parallel Courses of Same Direction

e T T

To gain a better understanding of the nature of fire with allowance for rela-
tive target velocity, we will begin our study of this method by an examination ol a
7 . Tew concrete examples, which we will then follow up with genertilizations applying to
any relative position of the courses of the target and the gunner's own plane,
One of the simplest situations in sighting arises when one is firinc on parallel
_ courses of the same direction (Fig. 175).

Let the plane of the gunner, at an initial mament in time s> be located at point

] O and move at a speed of Vl, while the target, moving at a velocity of Vigs is lo-

cated at point AO. The actual speed of the gunner's plane is greater then target

: velocity., To simplify our reasoning, we will assume that projectile trajectory is

ﬁrectilinea.r, and that the projectile travels at an even mean velocity of Vere

B To hit the target, the gunner must set forward the point of aim along the direo-
tion of target motion and direct the vector of absolute initial velocity to the set
focrwa.rd point A - The time it takes the target to travel from point Ao to point A,

‘;must equal the time of flight of the projectile fram its point of release, 0, to

Athat same point A,.

: Since the gunner's own plane is itself moving at a speed of V1, the bore axis, -
R ?i.e., the vector of relative initial velocity Vo must be shifted away fram the set

fonvard line in a direction opposite to that of the motion of the gumner's plane at :
2 - _"8 deflection angle of P This vector '111 be oriented toward point A to the rear

r‘tlre “target; ~ The projectile released in direction OA; follows line CA,, the

ko
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.

direction of which is determined by that of vector v,;, obtained by summing vectors

v, and Vy. Impact of the projectile on the target will cccur at point Ay,regardless

solute lead
Ctl/e_/

]
8

Fig. 175. Fire on parallel courses of same direction. To hit the target, it is
necessary either to orient the vector of absolute initial velocity toward the ab-
solute point of impace A,, or to orient the vector of relative initial velocity

toward the relative point of impact P\;.

- At the initial moment of time, the gunner sees the set forward point in airec-

— of method of sighting.

“tion in OA, and the target in direction Q.

i During the time it takes the projettile to travel to point Au’ the target will .
»Eh&ve also reached this point, having covered the distance A A, = vtst' The gunner's
. iiv‘:plane wili be at point 01, having covered the distance 00} = V;t, If the actual

i speed of the gunner's plane were equal to target velocity, the gummer would see the

“~'target all the time in the same

_ ~—ward point the gunner's plane would have reached point B and direction to t
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would be parallel to the initial direction, i.e., BAu//OAQ. The target would be
stationary relative to the gunners But since Bl)vts and the gunner's plane
:reaches point 0;, the directicn to the target at the time of impact will be olAu
and the target will lag behind the gunner at a distance equal to segment OlB. This
lag is easy to determine by subtracting the path traveled by the target from that
’ traveled by the gunner's plane. It is not difficult to see that the target will lag
at a distance equaling the product of the difference between target and actuval velo-
city and the time of flight of the projectile, i.e., the product of relative target
. velocity and projectile fiight time,

0B = (v, ~ ¥ = vt

1

Since the punner is not aware of his own motion and believes himself to be
_ stationary at point O, it will seem to him that the target is moving not in the

direction of his omn flight but backwards toward his tail and that the impact of the
H,_projectile takes place at a point lagging behind point 4, at a distance of AO'A“:I =
0B = v_t,

It is easy to see that the vector of projectile initial velocity is directed
..toward the apparent point of impact, i.e., that it coincides with the direction of
.. the line of aim at the moment of impact. A very interesting conclusion ray be

drawn from this,
— To hit a target moving on a parallel course it is necessary either to orient
the vector of absolute initial velocity ¥ ol to point A, or to direct tne vector of
-__.vrelative initial velocity Vo toward the apparent set forward point A"l.
We must emphasize once again that the impact of the projectile will take place
;at point An’ since, to orient vector Vv, toward point A:l is the same as directing

vector Vo1 to point Au’ as the projectile, in any event, follows line OCA,, pro-
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85. Fire on Parallel Courses of Opposite Direction

Let the target be traveling on an approaching course (Fig. 176)s To hit this
... target the gunner must direct the vector of absalute initial projectile velocity to-

*ward point A, and the segment AjA, must equal vy t.

Relative lead
angle\

i Fig. 176, Fire on parallel courses of opposite directicn. The target is hit if

v.. vector v, is oriented ‘o point A,, or if vector v, is oriented to point A\;'

To orient the vector of absolute initial velocity to point Au, it is necessary

to move the vector of relative initial velocity in a direction opposite to that of

._|the motion of the gunner's plane at the deflecticn angle @; vector v, will then be

y " []
%oriented toward a certain point Aj.

While the projectile is traveling, the target will cover a distance AoAu =

'-mv t, while the gunner's plane will have covered a distance 00, = Vlt. Thus, at th_e‘

50 b8

- %mment of impact, the target will be at point A, and the gunner's plane will be at

i
‘point 01. Initially, the gurmer saw the target in direction OAg, but at the moment :

5 b
—lof impact he sees it in direction O)A . !
SG 1

13

e i e Sk A L 1 AT N B3 R R
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Let us find out how much the target has moved in relation to the gunner. To do
ithis, let us draw through point Ay a right line A B//Ay0y. The relative shift of tie
target will then obviously equal 00y A (1B, i.e.,

OB = vyt £ Vit = (vig £ W)L,

Vig £V =V,

e M ese b AR e s T

CR = vrte
In fact, if the gunner were staticnary, the relative motion of ine target would
equal AOA“ = 0)B, However, the gunner is furthermore moving in an opposite direc—
" tion for a distance of 010. Therefore, the total motion of the target will equal the
" sum of the motions of the target and of the cumnmer. It is not difficult to see that
. distance A‘u“"l‘l = 00y, since the motion of
the gunner for a distance of 00y may be
substituted for ty an equal displacement
of the target in the opposite directicme
The gunner considers himself as
bteing at point O and therefore direction
CAj will seem to him to be direction
OlAu, while the point of impact A, will °
appear at Al. The apparent displacement
of the terget will equal AOA:I. ‘
We come once again to the ssme con-:

clusion: that to hit the target we

must direct the vector v, at point Ay or

e vector Vol at point A,. 1
:Fig. 177. Sighting disgram for fire on '

" interception courses of seme direction.

VR A g MgV R 1

e AT Y kb
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86, Fire on Intersecting Courses of Same Direction

At the initial mament in time the target is at point A, and the gunner at.
point O (Fig. 177).
To hit the target vector Yol must be directed at the set forward point 1\1'
sihile the projectile travels from its point of release O to the set forward
point Au, the target will have traveled a distance AoAu = vtst and the gunner's
plene will have traveled a distance 00; = Vjt.
At the moment of impact, the gunner will be at poi-nt 01 and will see the target
in dirsction OjA,;. Since the gunner is not aware of his own motion and considers
. himself still at point O, the relative target motion will appear to him as follows.
While the projectileis in flight, the target will reach point Au. Since the
- gunner's own motion appears to him as a displacement of the target to the side
opposite to that toward which he is moving, it will seem to him that the t arget has
moved from point AO to point A:: and that the impact occurred at the latter point.
~In actuality, however, the gunner, located at point Ol’ sees the impact at point A,.

It is easy to show that the distance tetween initial point A, and the apparent point

]
of impact Au equals the product of relative target velocity and projectile flight

— time. To do this, let us draw a line CD//Vl through the extremity of vector Vig®

- The similitude of triangles AOGD and AOA"IA“ allows us to demonstrate that segment

.CD equals the vector of actnal speed and that therefore segment A C, equal to the

-...sum of vectors A D - vts and DC 5 Vl, equals relative target velocity Vo

The similitude of these same triangles allows us to prove that Ao‘u = V.t.

We find again that, to hit the target, it is necessary either to direct vector v

;to point Au or vector v, to point A.U.

Let us examine still another case.

A e gy A AR e
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¥

87. Fire on Intersecting Courses of Opposite Direction

impact

of sight on

j veh.
at monent of
J

=

Apparent 1 ian
tarRr.\

Fig. 178, Sighting diagram for fire on interception cocurses of opposite direction.

Let us repeat the reasoning that we used in the preceding three cases.

While the projectile is in flight, the target moves to point A while the

) gunner moves to point 01 (Fig. 178).

Relative target motion may again be seen as its motion at a velocity of Vi

—.- from point A, to ‘\1 and a motion at a velocity of ~ V3 from point Ay to point A{‘.

The gunner, having moved whilz the projectile was in flight, fram point O to

”;‘point 0y, will see the target at the moment of impact in direction 014, at point

- A:rAu.
But since the gumner considers himself stationary and situated at roint O, it

)

- will seem to him that point A, 15 located at point A} and is seen along line OAY.
An examination of similar triangles AA AL and A CD will make it easy to demon—

st,rat.e that in this case segment

Aohl = vpt.

146
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‘Frcm the above examples we are in a positicn to draw certain conclusions.

88, General Conclusions on the Principles of Fire with Allowance for Relative
Target Velocity

Conclusion 1. To hit an aerial farget when firing fram a mobile installation,

it is necessary either to orient the vector of absolute initial velocity vol toward
. @ point situated at a distance of Vi st forward of the target or to orient the vector

of relative initial velocity Vo to a point situated on the prolongation of the vec-

aTn

tor of relative target velocity at a distance A A} o Vyte
B Conclusicn 2. In either of these methods of sighting, the true point of im-

pact is aiways situated on the course of the target at a distance vtst from initial

- point A,

Conclusion 3., As a result of the actual motion of the gurmert's plane, the
apparent point of impact is situated on the prolongation of the vector of relative
. target velocity at a distance vt fram the initial point.,
Beéimers who undertake the study of the theory of aerial gunnery with allowame
‘ ... for relative target velocity often acquire the mistaken impression that in some
_ cases aiming forward along the course of the target with account of the targets
:«:.absolute velocity and aiming backward along the line of the target's apparent (rela-
ﬁ tive) motion with account of its relative velocity cannot lead to one and the same
. ﬁ: result, i.e., to hitting the target.
‘ 7 This misunderstanding arises most frequently in analyzing fire on parallel
]‘ courses of the same direction and intersecting courses of the same direction in
: cases when actual speed exceeds target wlocity,
AR

! Let us point out the fundamental difference between the two methods of fire,

In firing upon aerial targets fram mobile installations, it is necessary to

ake into accoumt both target velocity and the actual speed of the gunner's plene, |

o .T.f a;;olut:;,;rget velocity is iéken vinto account, actual speed, as ;e‘in;;: -

1h7.
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already seen, is reckoned by means of a special device forming & vectorial trangle

: of velocities. The sight axis, in that case, lies in the same vertical plane as

. vector Vol and when aimed at the set forward point, the bore axis of the plece 1s
turned in a direction opposite to that of flight at an angle equal to the angle of

... deflection, Actusal speed V; is reckoned sutamatically by the gunner's plane and tre

. gunner has only to reckon by eye, with the help of his sight rings, the velocity
of the target,

If relative target velocity is taken into account, then, as we have just seen,

" the gunner must orient the vector of relative initial projectile velocity toward the
apparent point of impact. The sight axis must be oriented along the bore axis, i.=,
along vector vy, and whenever the gunner directs the sight axis at any given point,

7 vector v, is likewise oriented toward that point.
At first it might seem that thereby the actual speed of the gunner's plane is

‘\ not taken into account,

This neglect of actual speed is only apparent, since the gunner, by taeking irto
- _ account relative target velocity, is thereby taking into account both terget velo-

' city and his own actual speed, since relative velocity is obtained Bs a geometric

‘ _ sum of the vector of target velocity and the vector of actual speed.

Since the gunner considers himself as stationary, he must campensate for his

_ﬂmotion relative to the target and he does this,as it were, by imparting his speed

v :“to the target and assuming that the target is moving at its own velocity vts and at
t1’.1'19 velocity Vl of the gunner's plane oriented in the opposite direction. This

leads to one more conclusion.

Conclusion he The actual speed of the plane is taken into account by the
gunner by eye in form of relative target velocity into which the actual speed of the

gunner's plane enters as a casponent.
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89, The Relative Correction Triangle and Its Components

In all the cases of fire with allowance for relative target velocity examined
v'.by us, a triangle OA A} was formed, This triangle may be formed directly without
V‘the use of elements of the absolute correction triangle.

Let the target be at point A, and the gunner at point O (Fig. 179). Target

velocity is vy, and the actual speed of the gunner's plane is Vy.

By drawing the tirangle of vectors AOBC, we will find the vector of relative

‘target velocity vl;.

Along this vector let us measure from point Ao a distance L, = Vrte We get

j point AYe Drawing right lines OA, and OA} fram point O we obtain triangle OAgAj.

By forming this triangle, we are taking into account relative target velocity. The
gurner considers himself as remaining
8 all the while and sees the target as
%
Yr (.
Relative linear lead v.. TImpact takes place at the apparent

moving along line A Al at a velocity of

3
i

point of impact A§.

Triangle CAoA} is called the rela-
tive correction triangle., Let us define
the components of this triangle.

The apparent point of impact A1'1 is!
called the relative point of impact or |
the relative set forward point. The ‘
apparent motion of the target takes
place along the straight line Ao-‘\'p andi

the tergel may move along this line in |

any position (tail forward, Aeﬁi't’lié;a};; -
5&4_?,12;3.‘.,17«9.» Relative correction triangk o )

P |

e
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. etcs), so that the fore and aft axis of the target need not coincide with the line
. of apparent motion.

The distance covered by the target relative to the gunner Auring the time of
. flight of the projectile, or the distance between initial point A, and the relative

. point of impact Al is called relative linear lead. Relative linear lead is equal to

PRI
=

Line of reiative i
motion of target&/

— T —
Bglative velac-)
ity of target

_Pig. 180, Relative motion of target during aiming. The terget axis does not coin-

cide with the line of its zpparent motion.

the product of relative target velocity and projectile flight time:
L, = vpt.
The straight line joining the point of release O with the relative point of im-
] pact A is calléd the relative set forward line of sight, and the distance between

_!these points is called the relative range of fire Dy.
50 !

If we turn the initial line of sight to follow the target, in the interval
- during which the projectile is in flight, it will have pivoted at the point of
“x;aease O?a;_mgie\fr. The éhéle at 'ﬁich the line of siéht turns Vduring'

150
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the angle enclosed between the initial line of sight and the relative lead line of
sight is called the relative lead angle.

90. The Relative Lead Angle and its Computation

We see that in order to fire with allowance for a relative target velocity
it is necessary to know the relative lead angle. In sighting the barrel of the gun
must be deflected, i.e. the vector of the relative velocity of the projectile, from
the initial line of sight at an angle equal to the relative lead angle, in the dir-.
ection of the relative shift of the target.

We defined the lead angle as an angle at which the line of sight turns during
the flight of the projectile. Once we know the angle veiocity of the sight, or,
in other words, the angle at which the line of sight turns within & certain unit
of time, it is easy to establish the lead angle by multiplying the angle velocity
of sight by this time, provided that we know the time of the flight of the project—

ile:

’ (]

By substituting the ratio of the lateral velocity of sight and the distance

of firing for the expression of the angle velocity of sight we obtain the following
.

formula:

0 1, .
9= »D" [
If we divided the numerator and the nominator of our formula by "t we would

. Cn
te v, - "
ge ¢ D

'
s D : s N s Y '3
Since 1 is the mean velocity of the projectile in flight Vcps the angle \'fr
is defined according to this formula in radians. Usually, it is expressed in one
thousandths: PRRUS—.
Lol =1000 % -,
b e

Thus, the relative lead angle is directly proportional to the lateral velocity

of sight and inversly proportional to the mean velocity of the projectile in flight.

151
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1t follows that it is necessary to determine either the lateral velocity of sight or
its angle velocity in order to establish the angle of lead.

In the theory of sighting the formulas of the linear lead and the angle of lead
have the term ;:—-p as a multiplicator on the basis of calculating the absolute velo-
vcity of sight. In one case, it is multiplied by the distance of fire D to obtain
the linear lead and in another - by the sine of the target angle, i.e., by the fore-

shortening of the target so as to obtain the angle of lead. In both cases the

ymined by the angle or by the linear method. That means that the velccity
of sight and the actual speed of the aircraft are taken into account separately while
the formula of the linear and angle lead accounts only for absolute velocity of
sight.

The formula of the relative angle of lead takes into account simultaneously
both the actual speed of the aircraft and the velocity of sight, in the form of
lateral velocity of sight obtained by resolving the relative velocity while the
latter is obtained from the geometric summing of the velocity of sight and the
actual aircraft speed. Thus, there is no need to take into account the actual
aircraft speed to determine the relative angle of lead with the help of the above
formda since it is already incorporated in this formula and the relative initial
velocity or — the gun barrel must be directed at the established point of lead.

91. Relative Trajectory of the Projectile

In order to determine the relative angle of lead we proceed under the assump-
tion that the trajectory of the projectile is rectilinear and its motion along the
trajectory is uniform.

Assuming again that the projectile is not subjected to the effect of gravity
let us examine its motions in relation to the gunner with consideration that the
velocity of the motion of the projectile diminishes continuously under the action

of the force of air resistance.

T TTC AP VPSSR VU Ot

o R P o R i s

o otk basin e
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Let us assume that a projectile is released in direction OA, (Fig.181) from an |

Jeet
-aircraft travelling with veloeity Vs Under the actlon of the actual speed of the

A

_iaircraft the projectile in flight will mot follow this direction but will move along

~-straight line OAy in the direction of the vector of absolute initial veldlcit:yﬂ 'oi’-

-.obtained as a result of adding vectors v, and vj.

If the absolute velocity of the projectile remained constant all the time, the

Hprojectile would be in point by within a second and in point by within two seconds,

i etc. passing every second through identical sections on its course. Consequently,

. A

9 Y\ g,
v

© T 'Pig. 181 lag of projectile. The decrease of the velocity of the projectile in

h;;flight results in its apparent deflection aft of the aircraft.

i

'7: the gunner would find himself in points 0y, O3, etc. in the same intervals. The dir-‘-

ection of the projectile ~-as the gunner would see it—— would remain the same, i.e. ;

.n_‘:_para.]_lel to vector v,, since °1b]J|0252H°3Ay||V°o At the time, when the projectile

K 5:;hits the target the gummer would be in point 03. It would appear to him that the

i

Su_:}pmjoctile follows the line of fire in the direction of the vector of the relative
—
f:ﬁ.mi'i_nitinl volocity of the projectile. Since the gunner believes he is stationary and

-
Sl-.;r-ina_in_pnj.nt. O, he assumes that the projectile follows line OA, with velocity

55],1,._,%___._. e
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uns

follow bhe covrce v b S ¢ . aal Lo the
velocivy e o Uafher it hos boa Lex Le2e l0@s nob reach point by
ir o certnr ped 1 woull o Lhe unner vabehing the 7007 cht )
Line of :d:flection

The trajector: of

urcer's airerafi aivoncing evenls arrives

ET

If we assued
leflected ir tihe dirsction of point 4,, the zunner vould arriwe
irt 03 befors the vrojectile has ra-ches poi X it it, the
Vaircr"?t would be alrsady at point 0y, ani the denartire of orojectile from the
line of ‘eflection apnar:n - bl sunner would be A.‘\y= Ze
sunner who would consider b be aL point O, 5325 the movement of the

be him that noint A — that has shifted

The phenomeron of the aprarsrt defiection of the

~base of deflection is known as the nhenonanon of la-~rine,
The curve =zlong whick th2 projiectile travels in relztion to the wunner is

|
.. jealled the trajectory deflection of the projectile. :
] i

If we considered =1lso the gravity, the relstive trajectory of the projectile is

|
of double curvoture: it is curved at the plane of the velocity triangls as f
|

U”fa result of decreased v:locity of the nrojectile wnder the action of the force of

—
.«,__gair resistance and st the vertical plane under the effect of gravity,
i

i._...The distance from the relative deflection base to the zjerla}ti\_(ewtxr‘a‘j‘e_c}ozyiof

along the vector of the own actual velocity is kmown as

154
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“to the gunrer,

38:whether seen by a stationary observer or ’Ey a moving gunmer,

40_4

42

:the distance or be smaller depending on the direction of the relative velocity of

_the projectils lag. ) i ) T

“lthe sighting elements of the projectile if we considered the trajectory in relation

:ile are equal for, regardless of how we méy see the movement of the projectile, the
:same interval of time passes in both cased from the moment the projectile is releasef

|
—|ond until it hits the target. Consequently, it will fall at the sore distance
- ; i

—_lof impact is not analogous to that of the absolute point of impact and may exceed

Sanitze Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

:trajectory as projected on the plane of th;e velocities triangle is a relative osten-

__|sible phenomenon considersd only in relatibn to the moving observer. It does not

“lexist in the absoluté system of coordinates. It goss without saying, that this
|

apparent deflection depends primarily on t;he direction of the fire as related to the

-—’aircra.ft, i.e., on the angle of the hull gun.

The projectile lag ¢an be calculated with an adequate degree of accuracy for

nwantianT  ame
pragliical app

I
z = V1D (vcp"‘fl'vO]_)

Let us examine now what changes would occur in the trajectory elements and in
i

I

j

It is easily established that the re]}ative and the absolute f21l1 of the projectd
J

We know already that the distance from the point of release to the relative poin

sight.
Since the relative and the absolute distance of firing are not identical, the
relative and the absolute angles of sight|also differ. If the relative distance of
firing were less than the absolute distam_e, the relative angle of sight would ex-
ceed that of the sbsolute one and vice versa, if the relative distance were greater

Lthe angle of sight would be smallerx.

S,
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S '92. General Scheme of Firing with Account of Relative Velocity of Target
! !

We shall see now how the vectcr of &baolute initial velocity Vo has to bo or-

i

1

~

ientated to hit the target taking its relat:l.ve velocity into account. .1
’

| Let us assume that the target that is at point A at the moment of release move
. _.with veloeity v, toward the opposite intersecting course (see Fig.182). In order to |
hit this target
the vector of re-
lative initial

codtr mest Lo
velosity zust bs

oriented so as to

achieve that the

trajectory of the '
projectile would

pass through the

relative point of

impact. If the

""Fig. 182 General diagram of sighting with account of :
§ vector of relative;

" “relative velocity.
velocity of the
projectile were oriented directly toward the relative point of impact, the trajec—

gf tory of the projectile would not pass through it, since the projectile would lag "r<=

P the relative line of deflection by z. That means that the vector of relative init- |

A5 _Ji.al velocity must be directed toward the point located at distance z from the rela-
48 tive point of impact in the direction of the path of the gunnerts aircraft. But the!
50 trajectory would not pass through point A;' either, but would be lower since the pro—’
M;j-doctile falls under the eoffect of gravity. PFor that reason, the vector of relative !

gi.nitial _Velocity must not be oriented toward point A but higher by thg,«,y_g,lm_oun:__i

56 J,Lui_nx_of_mdsc&_ilq 8.
]
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Thus, bl Leslh of =300 ’ R R A
7 laclvel by tiie formation o three triarzles:
wvde of Lo einy OA.A‘%,, and the relative bnallistic btria
In this crse the s becones stotior~ry attrchizd Lo L
‘,-‘forrzei hatween the sishd axis ond the 2 ax's that equals
‘,:jthe vertical plone,and i angle that equals the angle of Lz
tal nlone.

iet us examire row tha n25hods of actual s

L thta A i
trroet inte acconnth,

| I——
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Chapter III

METHODS (F SIGHTING WITH ACCOUNT OF THE
REIATIVE TARGET VELCCITY

93. Method of Sighting with Account of the Lateral Target Velocity

In order to campute the relative angle of lead we use the following formula:

‘)‘; = 1000 'n

T

‘cp

This formula is much simpier than formu_las used to compute the absoclute angle
of lead. ln addition, it lends itself to the gpplication in practical sighting. In
fact, the mean velocity of the projectile in flight can be computed for &verage fir-
ing comditions. Iet us assume that the lateral target velocity amounts to 100 kilow-
meters per hour; we can proceed with the calculation of the relative angle of lead
for this particular velocity by using a sight that has a ring with a radius, the
argle of which would equal the relative angle of lead to be scaled.

If the lateral target velocity equaled the one that we have estimated (for in-
stance, 100 kilometers per hour) the target must be placed on the ring. If the
lateral target velocity were either greater or smaller than the ome we have estimat-
ed, the distance of the target from the center of the ring must either be decreased
or increased by as many times as the actusl lateral velocity is smaller or greater
than the one estimated by us. The apparent movement of the target must be directed
toward the center of the ring. This movement can be carried out either sidewise or
with the tail forward. Sometimes the nose of the ememy aircraft may be directed to~
ward the center of the ring.

The gunner's task is confined to determining the lateral target velocity by the

‘ eye. But the whole complex task of sighting consists in the determination of the

158
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0o I . .- . S
;j‘ lateral target velocity. The essential difficulty of this task consists in the fact

.'.,that various targets with identical ]Atera.l velocities but at different distances

)
4

t‘rom the gunner travel at different cngn.lu- velocities; however, we are used to
7_~ Jjudge the velocity of a body in motion by;its angular velocity. ST

\ _: When flying at low altitudes we notice that we travel faster since the angular
A
-_movement of the surface objects is great. However, at high altitudes and at a simi-

lar- speed it appears that we are moving only slowly since the angular veloeity of

the surface objects is very small.

i
i
i
i

iculiy in determining the lateral target velocity is the lack of an]

- auxiiiary scale. In determining the foreuhortening of the target the gunner uses t.hk

full length of the target fuselage or the irelation between the apparent length of thb

fuselage and the apparent size of the range. The established angular dimensions of |

!
i
|

— the target at various distances serve as a scale in determining the target distance.
- The absolute target velocity is :
determined according to the type!

of the aircraft. However, 1'.hereE
is no scale to determine the ‘
lateral target velocity. .
Only a thorough training
provides the kmowledge of [
determining the lateral t.a.i-got <
velocity.
Despite the difficulties
. 8: target velocity. . experienced in determining the
— } lateral target velocity this

50
—imethod of sightiag is, nevertheless, simpler than any of the sighting methods

52—

—based on the figuring of the absolute volocity. The gunncr merely has to establish

_iFi1g.183 Sighting with account of lateral

the lateral target velocity vhilo ho hu to dotomino aluy- tho follo'ing two

59

o 0 g e
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0. ;
facbors wi?.h mot.hodl based on tho ubaolnt‘ target velocity~ :Ln cases of fusol;ge

-—-4—113&133 the velocity and distance of t}ho target and, with angular method =— . —
4
tho target velocity and its !‘oreehort.an:lng

—~f 'l'hia is the mst videly used aightin# method with mobile gnn Lnst.alhtions.

~«Let us examine now a few special cases of eighting with account of the relative

9

10
—-- target velocity. ‘

from hter at Aerial Targets

As already noted, the basic difference between methods of firing from a pursuit

slans and firins from mobile sun inatallatiane ia +h at in
— va SnG Jixing ITCS IoTILLs gun Lnstallatlisne L= e g

ape inatallation of tha

tellonery T the

—-aircraft. The angle of the hull gun always equals zero and in sighting the aircraft

~ always flies
toward the set
forward points
if the dimen-

Relative li
lead inear Absolutem sions of the

lead angles

sight angle were
overlooked. Fory
that reason,

T L g _ with the target {
(Eeolute linear ’ 7z . . - |

lead : - - angle at 90 deg-

rees the lateral

Fig.184 When firing from pursuit plane, tlie relative and target velocity

absolute lead angles are equal: relative and absolute set for- would equal its

ward points QI and Ay are situated on the same right line. absolute veloeity
At different tam-

"|get angles it would equal the projection of the a.bcolut. volocity on the direction

that is perpendicular to the line of sigh't consoquont]; hfiring front purlﬂt plang

-160
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= factoz-a with methods besed on the abaolut‘ target velocity: in cases of fuaelnge

- the target veloeity and its foreshortening.

This is the most widely used sighting method with mobile gun installations.
- i
— Let us examine now a few special cases of sighting with account of the relative

—

o - target velocity.

—-~& Firing from Fighter at Aerial Ta.::&_
As already noted, the basic difference between methods of firing from a pursuit

— plane and firing from mobile gun inatallations is the stationary instsllation of tha:

p gl cle ;

gun in a pursuit plane relative the gunner while sighting is carried out by the -hola
:jaircra.ft. The angle of the hull gun aluays equals zero and in sighting the a:l.rcraft
always flies
toward the set
forward points

if the dimen-

Relative 1j
lead lneﬁ’_—) Absolut.e and relative ) sions of the

lead 1
s ang =2 sight angle were

overlooked.
that reason,

Uy A B g with the target |

(Absolut.e Tx;@ e -
lead - - angle at 90 deg-
W - — H

rees the lateral

! P:Lg 184 Wwhen firing from pursuit plane, the relative and target veloeity

' __Jabaolute lead angles are equnl: relative and absolute set for- would equal its |

-ard points % and Ay are situated on the same right line. absolute veloei:
At different tam-

., Ret angles it would equal the pcrojection ot the absoluto volocit.y on the direction
54 '5 -

5 Gjlthtt is perpondicuhr to the lino of sight Consequcntlx infi:ing f!'Oll pursut pland
_

o

roved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1




Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

the lateral target velocity equals the product of its absolute velocity by the sine
of the target angle, i,e. the foreshortening: :
Vp ® Vysin q.
Introducing this value to the formula of the relstive angle of lead we would
" obtains
‘ ¢, =000 Tuing
cp

If we campared this formula to that of the absolute angle of lead we would
arrive at the conclusion that the relative angle of lead equals the absolute angle
of leed in

Therefore, firing from pursuit planes can either be dome with the usual methods,
i.e. the fuselage o angular method, or with a method that would allow for the re-
lative target veldeity. In the latter case , member vy5in & is not determired in-

dividually by the pilot, but together with the lateral target velocity.

95. Repelling Pursuit Plane Attack

Two essential comditions must be remembered when repelling an attack by a
_ pursuit plane: first, firing in day light or under comiitions of a clear night,

and, second, firing under conditions of a dark night.

When firing in day light or under conditions of a clear night, the attacking
pursuit plane moves toward the set forward point of the bomber that is ahead of
it at a distance equal to the limear lead.

At night, a pursuit plane is umable to sight at any lead since the bomber
fuselage is invisible. It, therefare, has to move toward some visible point (f£lame
from exhsust pipes, light reflections, etc.).

Let us examine some of such cases.

i a) Repelling Pursuit Plane Attack in Daylight and during a Clear Night

A pursuit ph'ner attacked by a bomber moves towards its set fm-wﬁzgd'iﬁéiﬁt Ag

161
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[ —

| which is ahead of him at & ' distance OAS = V;t (Fig.185). The guaner in “the bombar
. ¥ -1
jsm the pursuit plane along line OAo. ﬂ order to hit the target the- “bombarder

'g\mner must direct the vector of 1nitinl rehtive pu-ojoctilo velocity vo 80 as to

bave the rehtive trajectory pass through the target that dnring the flight of the

. /:—jprojectile would be relative point of impact Ay For that purpose the sight axis
- togethor with the gun barrel have to be dd’lected from the initial target line by
N - angle ¥re Let us find the dimensions of this angle for our case.

To determine the
position of the ‘
set forward point we ha.vevi
to establish the dimen—
sions and direction of
the vector of imitial
relative velocity Vp. :

Therefore, we add geoneb—i
rically vector Vi to the |
end of the vector of tar-’

get velocity vye. The

i
}
)
|
|

relative point of i-pact

would be located on the
-~ Fig.185 Sighting from bomber when repelling fighter continuation of vector
;‘atuck in daylight or clear night conditions. vp &t distance AOA} = Vb
7 from the target.
90 have the trajectory pass through this point the vector of its relstive in~-

,0—-' itial velocity must be oriented toward point A located on the line parallel to the
2

J——-lof 1agging 5. Moreover, vector vo must bc raised by the angle of sight to make
54

“{allowance for the fall of projoctﬂc 5. smco the fall of the projectile is taken i
56 poresighting the sight axts wust be’ divected toward point ks

course of the own aircraft and at a distance from point A; equal to the linear nln.\

I
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&

In this partiewlar case the ralative 'ngle of lead under consideration of the |
':progach‘le lag nay be computed according %o the formula

T V1 vvl
¥, = 1000 - [1 - _uo Jsmpo.
O

(In wigwof the complexity of this formula we Quote it in its final form).
In the above form the formula is unsuitable for practical use; the wunner woqu
fvbe unable to compute the angle of lead. 4s a rule, the formula is greatly simp]:ii‘ie&
) _and Some omissions introduced,
The basic value that greatly affects the ang]c of lead is the relative ancla
i wun @ e In fact, a changp of angle Bo from 0° o 90° results in a change
_ .oi‘ the sire of this angle ranging from O to 1 vhile the relative angle of lead
__fchc.nges from O to its peak value, i.e. simultaneously with a change of angle Po the

‘angle of lead changes by many tines.

Other values change vithin rarrow limits and can be used with accoumt of their‘

‘ ‘-.‘mea.n value. I
T —-__l

Thus member 1000 ;1__ [1 - a1 ] can be computed in advance,
ol

As a rule, the following valuf8 are used for this member: V1 stands far the peak

LA t
_rvalue of the actual speed of the gunner's aircraft; Vo1 TEPresents installations w:.ﬂ?

36

) ~a ring~type sight and is considered equal to relative initial velocity Yo1™Vos Vor= i

—q'v +V1 stands for installations with forward fire and a minor deflection from the
40, "—!

—ecraft axs and v ;=v -Vl for installations with backward fire; target velocity Y
42
” 8 always assumed to be the ma.xi mam veloc:uty for the given type of target; the mean

16 locity of the projectile in flight ¥y ep 1s based on average firing conditions:

= 4,000 meters D= 400 meters and the balll::.stic efficiency factor of the project:
4 = ?

So—released from the aircraft, f

52: After computation of the above membez‘[ we receive a certain constant number whidj

54 __[the gunner must Temember and in _sighing nnﬂ.t:.ply At by the _8ine of the _relative in.

56_9l1nei£~ngl§_94i$h0;hul___l_.glm5” this operation is also too complicated for a gunner,
- |
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0o e s - . . F T —
m; For the sake of simplif§ing the task of cpmputing the relative angle of leaa furthe

| the same technique is used here as in the'establiskment of the sine of tbe target

A :
; angle, i.e. the foreshortening factor is introduced. The foreshortening can be

i determined with an accuracy of 1/L but in| this cgse it is more practical to ‘calculats
_| directly sinf, with an accuracy of 1/3. :

If multiplicator 3 werc placed before member Sil"&, i.e. 3 sinp, , the nominato‘r

and coefficient 3 would always be reduced' vhen sinpo is calcuvlated writh an accuracyf

of 1/3 while nember sinﬂo will be expressed by any whole number -- 0, 1, 2, and 3.

However, by placing coefficient 3 before sin '0 another multiplicator of the

-y T .
_ ! formula must be divided by 3 so that the equality is vressrved. Consequently, the

i

j formula of the lead angle would look ns follows:

1000 V-
Y = V1 (l ~ VuVol ) 3 S,'_,!p
= 3 v = *
9’ ol ep °

e
et e 1000 11 1- V1) -
Jenoting "7 u, 0. _yo.
Vol ( vc?p

|
\Yr “¥.3 Si—“Po‘

r

we obhain

Proceeding to compute sinpo vwith an;accuracy of 1/3 we obt~in the following
T} four basic volues referring to the relatiye angle of lead:
#th sinf = 0/3 \Prgyoo =0
"Po:l/3 "'I“Vol=9’o ;
"Bom2/s Yrz¥oz =2V,
"Bo=3/3 ¥p=Yo3=3Y,
We ses that in order %o calculate the angle of lead the constant 1'1!1::1ber*’o has

43: to be first multiplied by one of the wholeé number O, 1, 2 and 3, i.e. by the numer-

50_jator of the fractional value of sin.ﬂoo

52— Denoting the numerator of the fractional value of sin PO’ i.e. the mumbers 0,

12,2, 3 by N we obtain the following general formulas
H
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How ‘can N or sinp , be determined with the accuracy 1/37

For that purpose the range of the ¢l s_of_ the anglas P..D.,,is divided in b dne

“itervals so that the mean values sin PO in [these intervals would be a multiple of 1/3

We assume that

in intervals from 0% to 10°
from 170° to 1809
from 10° +p 309
from 150° to 1709
from 30° to &0°
from 120° to 1507

from 60° to 1209

It follows that if the target were in‘ the front semisphere and the gun is defleq

i
ed from the aircraft axis in any direction" nibt exceeding lO° while sighting both N
and?z would equal O.

If the deflection angle of the gun rpnges from 10° to 30° N would equal 1 and

Y r would equal’o etc.
i
The same reasoning applies to the ‘Baa&c semisphere, Since the gun can be turned

Hin any direction from the aircraft axis t.h:e maxirum deflection of the gun vould be

i
Nimited by conic planes with vertex 10e2 120", 3048 m 60° and 60°2 =~120°. Between

these planes so-called zones for 'cértain:velues of sinp and N are formd,

40
424 Let us refer to the zone in the spreaf of 20° as No.0; to the zone in the
se ]

ppread of 60° 25 No.l, to the zone in the bpread of 120° as No.2 and the rest as
3.
48 On the basis of preceding reasoning it follows that mumber N would represent

50. the formila the zone mumber since withih zone No.O N equals zei‘o,‘ within zone No.]
equals ons, etc..

‘Co‘xasequently, in order to Find the relative angle of mwnm st an

oved for Release 2010/08/30 : CIA-RDP81-01043R00070017000



Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

__in_which the attacking.pursmit plane moves. . _ ... .. ... ..o
The following rule of sighting can|be established for the above case:

an attacking pursuit plane the coef: c:\ie"ﬁ'..'y ; mst be multiplisd by the zore nu.mber?y
|
|
B
|

1. Discovering an enenv pursul\; plage the gunnerv mist determine tie zore n beT

of the enemy aircraft, multiply the coefficient y that he must remember by the

zone number and establish the relative lgad angle.

2, Using rings ér a ring-type <1ght’as a measure he places the target at an

angular distance from the ring center t.’nq.t equals the established angle of lead
1

orienting at the same time the visible t;!u'get shift toward the center of th=s ring
i

and opens fire,. i

In general sighting as well as in t-lLe particular case examined here the
visible motion of the target aircraft 1s;d1ractsd toward the center of the ring
instead of the lateral aircraft axis. In our case the target shifts toward the

center of the ring sidewise,

Fig. 186, Sight zones of bomber when repelling fighter abtack.

zero: therufore. its foreshortening also equals zsero

2 .

-
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(rig. 187).

- -—--—In—th£.~euo—tho~£omh~of—m~rolnﬁiw~ angle-of -lead-is-greatly-simpiified —
—jexpressed as follows:

22|
24

26

-
V=2
Introducing once more coefficient 3
denoting
5

we obtain finally

by‘,o“andBaingobyll
g

V:

+— 8in Boe

-] .
fo obtain !’Z'-%“Q—vv&-3'“ Bo or

in this case, too, the constant coeff

|

_{Fig. 187 Sighting from bember when repel]

attack under dark night conditions.

Let us assume that at the mement of

the-—gunner-13 at-point G (Fig.188). The |

nusber of the attaclking fighter in order to

iclent ¥ on WUust be multiplied by the zone

I compute the relative angle of lead. In

the process of calculd
ation the zone numbers
! remain while the valud
of coefficient ¥ oy
" will no longer equal

¥o-
also remember this

The gunner mus!

number.
The rules of
- sighting are the same
. in this case as in thy

former.

iring the target is at point A, while
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st Be established so that the relative anglbof lead: could he founi, During
Lf1igbt of the projectile the target _,would!travel = ralabive the jumer -- distance.
— |

‘AQA}', = b and turn up in point A.S}. To hj‘,t the barget the punner msit ddrect the
on 5% point A Galdng inbo account the projectiles Er

z.= A:/—A.

!
|
In this case the relative angle of lgad ould equal

1000 7 X
Ve =3 i _:\'71-{)351!!#0
- e

oraula 2as ws ha 2ady done before:

Y 5= Your

For some ~verage conditions of si ing cslcoulated in

advance., As in preceding cases mumber ¥

nresents the

target is locoted.

Fig. 188,

8ighting when firing on prallel coursges of the same direction requires the

study of the following three cases: 1) witen v1<vu, when Vy = v, 2rd when Vy >¥yl

In ‘t_ha First case the relative target velocity is oriented in the same directi

_Jas the actual speed of The gummer'’s aircrgft and in sighting the center of tae ring

14
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mot b placad ot Mne of the trrget covenent widle the o
centex of the ‘ring. socond case,. A relative. -

and in sishtids the cantar of bhe ring must coinciae
!

-« In cose V1>vu the ﬁn,r‘,ét will las, the rel:rbvive trorzet velocity
i

and in =i; vy Y e barget st be nla

_inarallel covrass of the opposite iirections

to be very comlex,

couvrses of %he opn

i

97. Generzl Rules of Sighting

Iet us ses now what the gurmer would have to 0 %o hit the tarzget.
On o osion a amrer could not ~ossibly prepars hims:lf for spscial cuses of
_firing since he may come across the targeh und the most unkxpected circumsbances.
_For that reasorn, he must knovw ell.tyo .: it ‘e must also be fomiliar with the
:position arnd the outlines of the sightirg zones.
It goes v&thout saying that !z?zg imowlkdge of the three above-mentioned coeffic-
_hents (ve exclude the fourth coefficient fbr cases of firing on courses of the
_pbpposite direction) is inadequate since eagh of them applies to a specific target

elocity. Since the velocity of aerial tapgets mey very greatly a gunrer must know

Lhe values of each coefficient for at least 2 — 3 groups of targets with a rather

bimilar velocity. At present, we can claspify fighters with piopelling power and

ombers into one group assuming that the velocity of aircrafts of this group equals
168
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, tobal of aix co-
sibing the gunrer must renenbert
size up the target and classify it in one of the above grouwps;
establish the zone number and find the rel-tive angle of lead by

it by the appropriate coefficient;

2. tn umse the ring of the beresisht as a neasure in sighting and, directing

| the visible motion of the target toward the certer of the ring, open fire.
! T

What Lethod of 5';%1ting Should 3e Given srefersnce in Aerial Gunrery

We may now subdivide all methods of sighting into two groups: me thiods of sightd

26 —;‘ing vith account of the absolute tzrzet wvelocity, and methods of sighting with accour

i
of the relative target velocity. !

In using 211 these methods sighting ip done with the help of estimating by eye
39_ko that as far as accuracy is concerred both groups have =n identical valve. In
both groups the sunner making z2llovance fo:r the linear target velocity uses a reasurg
bstimating the necessary lead by eye and comparing it with the linear or argular
33:50&19 available, In fuselace sighting, for instance, the target fuselage serves as
—p messursnent and in sighting the necessar*;r lead is fipursd out drectly in terms
bf Length of the fuselage target. In the #mgular method of sighting the length of
bhe radii of the boresight rings serve s @ measure. In sighting with allowance
for relabive target velocity the radius of the ring is 2ls0 used as a measurs.
Consequently, if a gunner masters the technique of figuring out exactly the
“pecessary lead for all cases the errors in|sighting would be more or less similar,

In addition to errors which the gunner may commit in sighting there are so-

“galled e thodical errors — a result of thé range Tength on which one method or

Sther Ts based, The Tuselage method of sighting, ?or instarce, is based on the

2]
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of hundreds of reters;' 1.9. that aan4"oa(ri.ui:l.hss;l't.v‘llr.;'i ;rror,
speak of the gunner's skill to estifnate distz

nee, would amount to 50 meters

-1
_Ppne way or another; a subdivision of targets into three groups only also entadls ;
___I.;:i'e'i‘tia.in errors sincs the actual target vel?)city my creatly differ from that ééﬁ;ﬁfﬁr-
b d for a certain group into which we classify the given target,

In 2ll angular methods errors oceur

in the calculation of the argle of lead at

_.the expense or determining the foreshortening (with an accuracy of 1/h) , the target
14

b
_.velocity according to the aircraft tipe and the calculation of the rean projectile
16

!
__{velocity under certain average firing conditions. Of the three agplar mmihods of
8
_}:ighting examned here hased op ths “usolute targst vzlocity the calewlatson method
20

is least Vulnerable, The methods of conditional units allows for quite a few
22

:Izrﬁstakes 2nd the method of comparing velocities ~nd foreshortenings for even more

24

_.#naccur:zcies. Tue to the averazing of the value of

the mean projectile velocity in-

26
$ccuracies my occur in the computation of the relative angle of lead,

=)

i
This method f
I

2o f sighting does not bring about other err?rs, thst rmeans that in comarison to other}
ﬂ; ethods of sighting this method provides f(gr the least methodical errors. ;
:; | Finally, the gunrer would inevitably commit errors when figuring out the necessa."p
;6 ead in determining the basic data for the estimate (range, target foreshortening, i
3 —lateral velocity, etc.). From this viewpoint, the gunrer is liable to commit the i

‘0 greatest errors in determining the lateral target vzlocity. For that reason, the

2] advantages of the method with allowances for the belative ‘barget velocity are
44-nu_'l.lii‘ied by its disadvantages.,
46.—- Thus, from the viewpoint of precise sfighting, the methods based on both the re—l

48 lative and the absclute target velocity axe, more or less, similiarly effective,

50 As far as the gunner's convenience ig concerned the mothod based on allowing

57’_]—'1‘01' the lateral target velocity may be préferable since it does not require any

54 Jcomputation from the gunner; but the dd_ffg.é_g;gg__g{_gitg{@_g:ng the lateral target
56_|velocity brings this advantage +o naught. |

T e

58al e Yonssquently, from a vievipoint of thj gunner's convenience none of th§TéIova
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T methods can be given preference.

.. The method of allowing for the relative target Velocity has, however, an

— |
irrefutable advantage over other rmethods rfhen it comes to the construction of autome|

Jatic béi‘g}'x‘ts. Wé'éhall di scuss tl;i-;s ;&ﬁ}stage below,

oved for Release 2010/08/30 : CIA-RDP81-01043R000700170001



Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

‘»
Ghaptér v

]

PRINCIPLAS OF .-’LU'I'OMATIé GUN-SIGHTS. IN FIGHTERS
'

|
Problen of Sighting Auton~tically at Targets in Motion

In examining the methods of sightingvbased on the principle of accounting for

.;the absolute target velocity as well as tﬂe principle of acounting for its relative

| +

- velocity we realize that derending on the method chosen the gunner mst mke cer'ta.in;

calculations and estimates by eve in regzzi'd to one component of sighting or another.z
!

rnawr haw £a a2 o hem meem e et ken
ow how o 2 s 5y 56 of with
I

H i
the help of 2 range orid the distance to the target; he has to know how to recognize¢

the target and know the over-all siges and velocities. Directly before sighting tla§
gunner must make a simple calculation of iinear lead in the target fuselages mltiply
ing the constant coefficient, which he musl know,by the range in 100 meters.

Sighting with the help of the angulall methods the gunner must now how to re-

—jcognize his targets, determine their foreshortenings, know the velocity of various

types of targets and ~lso compute the angle of lead,

With methods based on the relative ta"rget velocity the gunner also has to rel
3&:sorb to calculations. FHe 2lso must know ﬁow to classify the target, to which group
it belongs, hor to determine the zone in w;hich the target is located and he must re-

40|

42 member the cosfficient ¥, for each group of targets and for certain firing conditiorg
- relative
4 4:Here , too, the/angle of lead is found by computation -- the gunner hzs to mltiply

46 the corresponding coefficient by the rmumber of the zone.

4 8—— Only two methods of sighting do not require amy calculations on the rart of the
50_' gunner: the method of comparing foreshortfienings or the ring method and the method

| 2llowing for the lateral target velocity.

The first of these methods is very elementary amd is hardly ever used now, the

second one is very complicated since it rdquires the skill of determining tte latera]
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target volocity.
A certain time -- and it is only a hatter of 3ecords —- is necessary to_ evaluate
the essential data and to compute them before the projectile is r=leased. In view

[of ‘modern 2ireraft speeds and the briefness of air battles even fractions of seconds

affect the atbtacking and firing. F\lrbherlore, all the above-mentiored methods of
sighting refer only to barrage fire since Efiring under aerial battle comlitions
is subject Lo constant chenges. In the n.r;gular method of firing the foreshartening
of the target shifts, in the fuselage neiihod it is tre range, in firing with
account of the relative target velocity it is either the lateral wvelocity ar the
zone number that changeg HRegardless of vrﬁatever factor we chose for sighbing, it
will always change. That means that the Qu:mer mist constantly make 21lowances for
changed conditions of firing,

Many learned theorists and engineers have been trying to find simpler methods

of solving the practical aspects of aerial gunrery while constructors of zerial
T

gun-sights have been working on 2 sight tl’}at would compute the necessary data auton—i

atically reducing the gunrer's actions to ia, purely cechanical operation of the gun-—
sight, so that he would no longer have to determine the basic date of sighting and
be completely freed of making any calcule.{‘;ions. This task was solved by the creatio
of a nuiber of sights that have become qui‘oe popular in our country and abroad.
dvaluating some domestic and foreign typeg of sights we could definitely state that
our makes are simpler in consijuction and éasier to handle; they are also more re-
liable and precise in action althcugh the igeneral principles of construction of both
are almost identical. )
The task of an automatic gun-sight cdnsists primarily in relieving the gunner
Jof having to calculate and solwving the task of delivering accompanying fi{'e. The
latter can only be solved if the sight were to make automatic corractions‘ in regard

to the factors of sighting under changed firing conditions.

automatic

The/formation of the angle of lead should not necessitate the introduction of-

Ak
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n the 1 e enmeee b d e
o he part of iha qunrer that have Lo b wted by e:e since thare

point then in'!

it has not beer po ble to LYild avtonnbi wowith aceownb of
T —_— . (- : !
—4 the absolute bargst velocity. At the bre%én"o stage of the technolodeal 'lev»'il:oimient‘
—jof meosgux? devices,no device has buen «lésiu 12t 2 stablish the absolute target
velocity froi an aircraft in flight =nd h.;s sight is nounted on neving aircraft.

For that rezson sk of forming the arole of ad aubonr bicall;s sms resolved

mee of the rol-tive target volecid

1000 Yn

Vep

S S

target velocity rajquired, sz

38

—

the projectile wider various

40 \
—{these values f o e necessary angle

42 Dogens of devices are !movwm ir tachnilosr w-
- !
%, so Lh %t
angular target vslocity dnd t
be determined individually?
If the gunner will keep his gun poinfed at the target after combining the

—jcross hairs srith the target the sight axig, i.e. the s3ipht, will turr with a certain

~Jangular velocity which will precisely equdl the angular target
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o bachonat or = earhrd fuesl ap g, hey . : k el he s -
‘ N 5 . g A UILRY 210 A ' B Lhe st
machand sn ms can be re 24 alt any S} e, the ar rget velccity,
SR viby .Y recors al any mom nt: il.e, t} anuular te cit;
~ i : )

The tiae of £1i of the projectile can be sstablished by measuring tie
; i
N

-l iriam accordingly, Cther factors that affect the time

i
i
|
1

U of Tlirht of e .
. Lliget of the projectile can be estimated in accordarce vitli Lheir average value
ge va .

‘he rarge mae founs 1 5 e n of 2 c
12 rarge rmust be Found rmechanically, so as to relieve the unrer an; aleuls
e munrer of any cal ’

b the ra
7 the range,

ad g
coriiLions, bous g nowr how L
*t mounted on
P axcursi
rrwnrkabls devi knovm ~s She cyroscope, For
n

'
a betber wnderstand ing of the nrincinles upon st tauomuic n-sights are built
N -5 -

it is necessar 4o have a krcoviledge of these Teaturas.

fixcursion into the Field of iechanics bo Geb Acquainted with the Properties
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36

38

40

42

44_

46

48

50
5o__|experiments on which he reported before the Paris Academy of 3Sciences in the year

54

56

co

acquire certain characteristics that differ from those of stationary bodies.
- -—-We-are all familiar with an ordimry—}toy ~~the top—— & wooden or-metal-disk ———

mounted on an axis with a sharp end. !

We l;nll incvitabiy faiwi‘ iiy'wn‘tried};h.b place Varsaﬁi:on;;-y; top on the sharp
end cf the axis. But if we imparted motion to the top we shall be able to place it
on the axis without any difficulties and 3][t will not fall as long as it continues to
—revolve at a sufficiently high speed. We shall easily find out that the top would
not even fall when its axis is greatly de!,'lected from the vertical. Then, the axis

P b b B e dlne o~ e Tmm meamd
Ti % WP USSITIUSS a TLITTGial mUvomenu

ble reason near the vertical that passes T‘hrough the point of rest.

Who has not seen jugglers perform with plates or

A balls aljtd we know that before placing a plate on
the aharip end of a stick or holding up a ball with
one fmger or on the tip of the nose the performer
would ix%evitably set them in motion.

Bod‘ies revolving at high speed have the pro-

perty of resisting any change in position.

Fig.189 A top to which has In f1752, Serson suggested to use the charac-

—been imparted a motion of teristics of rapidly revolving bodies to form an

—/rapid rotation does not fall;

—{1ts axis merely describes a the SS Victoria on board of which he had been

| T

—circle in space. testing 'his discovery was shipwrecked. The inven-

Martificial borizon" on a boat. Unfortumately,

] tor pori;shed and his invention was forgotten.
1 A hundred years had to pass before nq'w attempts were launched to utilize the
properties of a revolving body. Thess att%.npts originated with Foucault's famous

—j1852. f N

It was Foucault who introduced the term "gyroscope” to science. ILiteraily,
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S ib dalines Ma davica to view the rotatton,n
definition is clearl; uniarstood if we rointed out that with the help of
7 revolvin: fly-vheel Foucnult establisied tlie rotstior of *he earth about
its oom axis in a laboratory for bhs MNrst hime. In its present use "gyroscope "
applies to any device vith ths characteristics of a rapidly revolvi body, Forth-
with ve shall use the word ":yroscope" in thvs connection,
Gyroscope with two
degrees of freedom - noLh s2quen veszrs, however, the
Jyroscope was not used ix practice sirce
the statz of technolo: vl L oneriod
e device in-

Gyroscope with three
degrees of freedom

Fig. 190. Gyroscopes vith verving numbers h= St Tyroscon comra sses vere

of degrees of freedon. constructzd as lat : in The rapid
develonment of technolow- led to the in-

vention of new precise gyroscor irstruments . Yow, :yroscopic devices assume in-

creasir ; Luportance in wvarious branches of technologr.. In md itery technolosy gy—

roscopes are videly vsed, particularly, in aviation and ravication.

The basic part of 2 gyroscope is a disk fly-vieel or motter revolving body

imparted with an s tha’ robz in space in one direction at least,

The basic characteristic of a gyroscope is its resisbance to any change in
position. If the revolving axis of a gyroscope were directed Lo a star in the sky,
we could see that continues to "gaze" at this star as lons as the latter moves to-
gether with the horizon. As soon as the star venishes beyond the rorizon, the

~axis of the gyroscope continues to follow it and will be directed directly tavard
the same star vhen it rises azain at tie opposite end of the horizon. Since the

B visible movement of the stars is czused by the rotation of the earth about its own l

.. A%ls,  we know that the axis of the gyroscope does not rotate with the earth, ’qu‘b B a

:.keeps _1its direction constant in space. A gyroscope provided with anaxis that can

178
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Barn in any direction wild hahava in Lhis Sveci e ranrer,

The reaciion of a Eyroscope to the forces that act upon its axis is comple tely

Tdifferent.

We Ymow that the axis of a top l‘evolvﬁn{: on a horizontal planre does not remain |

. stable in its direction, but makes a circle and this conic revolution of the axis is |

'nob arbitrary but tolkes place in a certain direction, at a definite speed and with
4 definite angle of taper. The slower the. rotation of the top, the sreater the :zi.ngletfj
at the vertex of the cone.

If we chanped the direction in which the top revolves, we would notice that the
direction of the coni cal motion of its axis would 2lso change, If we urdertook to

daviate the axs £ a i

A TEVoilvins top in any direction, we would rind that it will

never deflect in this particular direction but always continue to revolve in the
direction that is rerpendicular to that of the acting forces., After s series of
tests with a top, the 1l=w of :the deflection of its axis under the effect of a force

is e2sily undarstood as follows:

-

If any force acted upon

Direction of the axs of a top that is per~
precessxon
—~TN pendicular i it, this end of
Center of gravity q
4

of the gyloscope the axis would deflect in the

direction indicated by the vector

Fig. 192, The conical motion o;‘ theqa:d.s of a top of the velocity at which the
‘m:ly be seen as precession resulting from the pull top revolves, drawm through
: _of gravity. the end of the vector of the
o acting force,
i Let us see how the conical motion of the axis of a top can be explained, The
tup is under the action of gravity that tries to pull it down. The greater the de-
flection of ‘bhe ast from the vertical, the stronger the pulli_ng force as the

- gravity; tha.t is directed here perpendicularly to the axis of the top, nill alao in-

179

I
R
7
i
|
|
|
i
.
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creage. The action of this gravity brinza about the deflaction of the axis of the &
‘top in perpendlcular direction and since this component is contimously active re-
volving with the axis, it is natural that the axis also deflects continuously try-

ing to get away from the action of foz‘ce; As soon as the revolution of tre top
‘slows down, its axis begins to rotate in an increasingly wider spread, until it
tulnbles on the surface on which it has been placed.

The motion of the axis of the fyroscope under the action of outside forces is
called precession.

If the 2nd of the axdis of a top wers placed on 2 point of support, so that it
would be in horizontal position, it would not fall provided that its rotor wmld
”revolve ropidly  continuing to rotate (precess) on the horizertal plans.

By havinz various forces act upon the axis of the zyroscope we my convince our—
selves that the antular velocity of its revolr+ion increases as thz forces that act
upon it increrse, However, the greater the distence from the rotor ard the less
action thers is, the greater the ansular velocity of the motor rotition; the rotor

any change in position and its spread in relation to
the revolvins sxis increasas accordingly. In other words, the anmilar precession
velocily is doactly nroportionzl to the monsnt of the applied force amd inversely
proportional to the anwlar velocity of the motor rotation and the momert of inertia.

Without dwellirr furtier on the properties of tne gvroscope, we shall see now
how thessz nroperties may be applied in order to form the angle of lead and the

elevation,

101, Formation of the Relative Angle of lLead by bie Sight-Mechanism of a Pursuit

Plane

When it comes to the automatic formation of the relative angle of lead with

" the sight-mechanism of a mobile un installation, the problem of estimting the

' yangula.r target velocity presents no difficulty, since the angular wvelocity at whiché

o9
161
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Sd—mechanica 18 uread way ba § IV Wha vilociay of its t-ur}fin‘g
‘relation Lo the airer-ft.

Ip amch to determire the ~npoular target vselocity with the
help of an auntomatic b ism in a pursuit plane. The :‘nt,-machani‘sm in

pursuiy es is statior 3 erefors, th> sight axds can oniy be adjusted by

turnir: the antire aircraft. Consequentlys, it is necessary to xmow how to find the

velocity at « I3 e aircraft twrrs since the un-sight does not chift in
Lo blie sireraft,
device uhial woudd ot Turm vorshhor with tho airerafi and oould he used for
o, nesdent Lo ssLivebe
tha odircerafi burmns. ther the an:oular valocit: at which
2lative arpular bwrn of the nireraft and that of the
sn:mlar target vslocity coul:d alsoc be esteblished.
gvroscope can be uti
nosition in snace.
= rhed repid wotion, : xis vould cor-
£ any turns and moves

aircraft

stantly oriented Lovnard
Iet vs see now how thi
lead. ‘
For a better understanding of this opera®tion, let us imagire that the gyroseope
possesses the unusual properties {(Fig. 193) that we try to iapert ho it.
While an aircraft is in rectilinear flight the axis of the gyroscope is par-

-al].el‘ to that of the aircraft, When the pilot begins to turn the axis of the gg‘gs_%

i
i cope in tracking, the axis meintains, to begin with, its original direction lagging .

182

i
i
i
i
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it begins to follow |

. the axis of the aircraft
but at a lower angular vel.

" ocity, i.e. while mo longe]
following its original dinr

ection it will, neverthe-
less, lag behind the axis
of the aireraft.

We assume that the

1
gyroscope is able to turn '

{
i
i
i
i

faster as the angle that

bas formed between the n.:hI

|
of the gyroscope increasos.{

o A A AR 5

.

At a certain angle of divergence the velocity at which

i
i
i
H

the gyroscope [turns coincides with the velocity at which

the aircraft turns. As the gyroscope continues to turn |

the angle between the axis of the aircraft and that of ‘

the gyroscope remains constant » provided that the anguln.'r
velocity of the aireraft does not change. If this anglev

«0._,Fig.193 Let us imagine a !
~-~f gyroscope, characterized would also increase in proportion. In tracking operat-
4 [

were greater, the angular velocity at which plane turns

__|by the following unusual !
ions it al ~eas in 3 the angular
41,—:propertiu: (1) in recti- ns 80 iner es proportion to e tar-

—1inear flight, the axis of
16—the gyroscope coincides with that of the plane; (2) when the plane turns » the axis of

_lthe gyroscope, in its tendency to maintain its original position, beginu by lagging
:behind the axis of the plane; (3) the a.xiq of the gyroscops begins to follow the t:
of the plane, but at a lower angular voloo‘ity; (4) at a given angle of lag Yps the

axis of the gyroscope begins to turn at the same velocity as the axis of the plane;
nctﬂiuuur—hmt;" m'mmw
jup with that of the -and from then on coimcides with it |

sh
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Qo B . - . - e e
behind the axis of the aircraft by a cortﬂ'jn angle; eventually, it begins to follow
! the axis of_ the aircraft

but at & lower angular vel}

‘ ocity, i.e. while no longey
following its original dire

i
i

ection it will, neverthe-

less, lag behind the axis
of the aireraft.

We assume that the

! : e

gyroscope is able to turn :

faster as the angle that |

bas formed between the axis
of the gyroscope :i.n(:x'elaalse.ig
At a certain angle of divergence the velocity at which j’
the gyroscope turns coincides with the velocity at wh:l.ch‘!

the aireraft im-ns. As the gyroscope continues to turn x

the angle between the axis of the aircraft and that of

) ;
the gyroscope remains constant s provided that the angu.la.,l-

velocity of the aircraft does not change. If this angle‘

-‘ ter, the locity at which turns |
40 JFig.193 Let us imagine a “°F® EFeater,. angular velocity ch plane nrns;

A2—~5 gyroscope, characterized would also increase in proportion. In tracking operat- !

i
— [Py the following unusual ions it also ifncrmes in proportion to the angular ta !

properties: (1) in recti-
linear flight, the axis of |
the gyroscope coincides with that of the p}]m; (2) when the plane turns » the axis of
ﬁthe gyroscope, in its tendency to maintain its original position, begins by lagging !
—_|behind the axis of the plane; (3) the l.x:u’ of the gyroscope begins to follow the tui
—Jof the plane, but at a lower angular voloé.tty; (4) at a given angle of lag ¥r» the
axis of the gyroscope begins to turn at thie same velocity as the axis of the plane;
I » the axis of the Zyroscopscatoires—
_lup with that of the plane, and from then on .coincides with it.,
|
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LT proportional

Eon L Mt narallal g

[ITOSCONE,

or overbeling v maniy : e K T . Wheels
. that the axis of the gyroscope poirts steadily at the target.. This becones poscitie
when the angular velocity at which the axis of the gyroscope Lurns coin
the relative angular target velocity.
I7 the angular vslocity at which the aircraft .ums were
smaller than the angular target velocity, the target would either

avextake the axis of the aircraff, i.e. it would lay behind the axis of the ai

I
|

e T

56 ,_!_cr;z,ft and that of the gyroscope or catch up with them., However, if the angle betwe

18L

E
L
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rotenne murn doerens el
S Lburns oult dzo

rosult in o TR T SE B

Tinament oo ngular vt

he aves of Lhe m-borre

mobion of the axis of
ns, that the ~uns

one B ol - 3
“Ei‘ollowzr.g the visib arget ~ovement . s of Lhe syroscone

- - :
the axis of th a2ircraft by an angle onroperiional to hle

aesnlay yoaa

Jiven somenbe-

1
H

s vanensa 1a

mounbed:

cor2 vinich

are adjvsted

=g

lagzzed behind

Tt Al e . ¢ oa om § s
11t would Zfollow thab the argle belwsen the axis of the gumer!'s aircraft and the

to the relative angle of
gle would exactly equal the necessary angle of lead for a certain

i If it were to be applied to other rarges it vpuld have to be di

185
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iaccording to a decreased or increased time of flight of the projectile and by the
I

B ;'res'pective rangs.

'

Consequently, a device must be used to increase or decrease the angle that

,

P
~ -

o

//fwrlmz THE ALTS OF res

GYROSCOPE Convc/ofS
WiTH TONT OF THE FLAWE

As the gyroscope follows the
axis of the plane, it lags
behind it to an extent equal
to the value of the lead angle

«:_|Pig. 194 In the process of tracking the target

AH__

of lead.

be made by this range corrector:

—m

Blocity..

ithe sighting mechanism forms the relative angle

i

186

forms betwesn the axis of “ .z
the aircraft and the axis of;
the gyroscope in accordance :’
with a given range or fir-

ing. We know, that the a.ngljh
of

ead is nat eatls affeo-

-
o= -

ted by change in range, but

we also know that the angular
velocity of the target chan-—f
ges greatly with the range v
and is inversely proportional
to it. Since the angle of ‘
lead has to be increased in
firing at a remote target
and we know that in our
sight-mechanism it is auto- ‘
matically decreased as the ‘
angular target velocity de-:
creases, a device must be
applied that would take thilf
factor into account. Two

adjustments would have to

adjustments according to the changed time of
—-flight-of-the projectile, and adjustments necessary in view of the changed

This is required to prevent that the angle
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63 95 a8 the range diminishes. In other words, a position smst be achieved ab

j_ﬂ}@qh the angle betwesen the axis of the uircraft and the axis of tle gyroacope would!
Tlalways equal the necessary angle of lead t%.hat. corresponds to a given range vhile
__ithe target is tracked, ) T }
ﬂ:j Under these circumstances, maintainirig the line of the sight on tle target the
m:pilot can open a steady accompanying fire fsinoe any change in firing conditions, i.e

12
_jeny changes in the angular target velocity or in its range, are automtically and
ta :
loontinmonsly regiek v fons . maide in Lle mole of
ontinmonsly R the ongle

Tnr o8 o o~ 1
= ol Llag ci U

the axds of the
16

‘”E gyroscope and that of the aircraft.

18 _j !
| So far no gyroscope has been available with these propertiss. We shall certais
i

i1y wvork on its construction. We are awardg of the fact, that one of the most out-

Istanding properties of a gyroscope is the ability of its axis nobt to deviate in the

direction of the a cting force under the efa‘.‘ect of this farce upon the axis — under

26 {
—ithe condition, of course, that the gyroscope revolves at an adequately high speed —
20

-—but to deflect always in the direction that is perpendicular to the direction of the

~acting forces,
This characteristic of the gyroscope may be utilized for the formation of a
—relative angle of lead.

35

3ﬁ—— Wle must make the gyroscope precess with an angular velocity ecual to the angul
8|

40——ar velocity at vhich the aircraft turns and, consequently, to the angular velocity off

—the target., However; we have to make sure first that the axis of the gyroscope lags

—behind the axis of the aircraft by an anglF that equals the relative angle of lead.
For reasons of efficiency we shall d&vide this tusk and begin with the questiad

of how to make the axis of the gyroscope fjbllow the axis of the aireraft. Then we

shall proceed %o examine how we can make i[i; rotate with an angular velocity thet

Would equal the angular velocity of the aircraft. Our final task wuld be to 2CH oy

54 bhat the axis of the gyroscope lag behind

-56_ ko the necessary angle of lead.
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tail to nose) while the aircraft tums to ths right, we would apply downward force

[ x

_*10110w1r\g the law on the direction of theiprecession toward the rear end of the
_ie.xis of the gyroscope. When the a:.rcraft tums to the left upward force would be
appl ied, when it climbs, this force must ‘:pe directed to the right; when thz aircraft

turns dovmward the force is directed to the left. Thus, the axis of the gyroscope

¢

axto- of tho pdo s
the- axis- of tho adrorsfh_

rereft *uwrns. They rust .bbpz‘xrcre:ased as the arngvls
‘rcresses and the axis éi‘ the gyroscope adjusted in a praliel
) _; position relative to the axis of the a2ircraft, ¥When the aircraft ceases to turn
24: the action of these forces must also stop and ro longer act when the aircraft procee
rectiangular flight.
To solve this task we shall have to resort %o electrical engineerirg.
Tet us attach a non-magnetic metal disk %o the end of the rotor axis amd let
Aus bslarce it by a corresponding shift of the rotor along the axis of rotation.

We shall then set up the gyroscope iﬂ an aircraft so that the rotor axis would
run parallel to the aircraft axis while the disk would be on the side of:bhetiail.
Oppbsibe the center of the disk a stationary magretic pole would be attached. As

] the gyroscope is set in motion, the disk attached to the axis vould rotate in the
nagnetic field of the magnet. We know that in similar cases induction currents or
so-called Foucaul’ currerts are produced in metal dl:'ski.pMceording to the Lendts
—/law direct induction currents are always broduced to inhibit the motion by walch
“they are produced due to their magnetic action. Consequently, if the magretic polej
~Jwere placed opposite the center of the di;xk, the mgmetic action of the cmq

| produced in the aisk as the gyroscope ;otér revolves, wovld bave 2 braking effect -

“Jon ‘the rotor motion. ~This Brs.‘ldhg‘_qgfggtg will be overcome by the mobor that s

oved for Release 2010/08/30 : CIA-RDP81-01043R000700170001



Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81-01043R000700170001-1

W e s L
_ithe TeYor iHto astion with the result thal the m rowes’d VO wWot tury —TotYm—}

lassum that the airoraft is making a leftjtum. Since the gvrosonps maintains the
Jdirection of its axis in space, the aircréft shifts the magnet from its positibn
‘opposite the center of the gyroscope disk|to the right by tuming . The Foucault
_: currents produced in the disk opposite thé magnetic pole will follow a direction in
m“jwhich their action resists the direction of the peripheral spesl of the disk near the

; center of the magnetic pole, i.e. the braking effect on the disk would be directed

‘ upward as the rotor revolves to the right| Since the force is directed upward vhile

— the vector of the peripheral welocity of the disk conducted tlrough the end of the
18 4
_.. vector force is directed to the right, the rear end of the rotor axis of the gyros-

-~ ~ PR P £ S N o B et e o
ect £5 the consegusatly, the fromt of Wis rolor axis would

deflect to the left follov'wing the axis of |the aircralft. ‘ It is obvious that the
greater the angular velocity at which tbs%aircraft turns, the greater the angle at
which the axis of the gyroscope lags behirjxd the axis of the aircraft, and the greate
{the shift of the magnet in relation to thé: center of the disk. Since the linear ve-
locity at which the metal disk passes theimegxetic pole increases the fartler the
- magnet moves away from the center of the disk, the braking effect on the disk will
7 also increase as the magret shifts, 'I“Ixatﬁearzs; that at great arguiar velocities
the angle of lag of the gyroscope axis will increase in proportion with the increasd
in the shift of the magnet away from the center of the disk. The forces that act
- on the disk will also increase and, consequently, the gyroscope will precess with

| greater angular velocity. At lower angular velocity, the axis of the gyroscope

will catch up with the axis of the aircra.jt't under the braking effect, the shift of
the magnet relative to the disk will dinﬂ.ifxish producing a stronger braking effect

and a decrease in the angular welocity oi‘f the rotor axis. This will cmﬁiﬁue until ‘jﬁ

the angular velot:i.t:!.es of the groscope‘ nhd of the aircraft are adjusted. As aodn

as the aircraft ceasss to turn, the axis of the gyroscope catches up with the aﬁ_a
n of the aircraft under the/effect, so thah both coincida.

i
:iﬂi-l,'
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Thus, each angular velocity at which }the aireraft turns has a certain corres- }

“Ironding angle at which the axis of the yscope lags behind the axis of the air- —

, "jcraft, regardless in which direction it térna.

In rectlinear Turn to left
Gyroscope ] flight .

Rear view

Disk of |
gyroscope }

Magnet Direction of!

N . precession :

Directi9n of Directica of rotati
Tolation Pitching . on

.
A Turn to right mﬁ@

e=—,

e S R

a) i

BRear view

Ki rection of
e n—
precession \J

Direction of
precession

Direction of rotation
Direction of Arb:.icrary turn
rotation 1n space

Rear view

P
’e
. tion of Direction of
Direction o =

i‘ rotation £) rotation
44

:Fig. 195 By using a magnet, it.‘ is pouaibie to make the axis of the gyroscépo fol-
464 :

__jlow that of the aircraft. !
48]

Direction of
precession

By applying 2 magnet of a certain Io#'cc, it could be made possible that each
angular velocity at which the aircraft t\ﬂ-na —— i.e. each angular target velocity—-l
| |
would correspond to an predetermined angle that forms between the axis of the air- |

MMLO!M&QQ&M.H?;!; in turn, equals to the required angle;
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.

of lea.d that corresponds to a ceruin ran&o.

B A —

Such correspondence would not exist *n otner ranges, since the angular target —

(L

velocities will change as well as the tim? of flight of the projectile vhile the

:"" lateral velocity remains the same. 1

_3 The required angle of lead must be determined so that the range can be set.

For that purpose, the force that acts ﬁpon the axis of the gyroscope must be changed

~- However, this can only be accomplished by either changing the velocity at which the

& S5cops Tovelves or the zagnetic tension. By chenging the veloeity at whieh the.

gyroscope revolves the desired effect would not be produced because the disk fly-
" wheel of the gyroscope is characterized 'bry great inertia so that any corrections

- of the angle of lead formed by the gymscopo would be made with great delay. There—‘i

fore, we have to resort to the second method: changing the value of the force by

changing the magnetic field. By using an electromagnet instead of an ordinary
: ‘magnet this is easily accomplished. A change im the strength of the current in the
electromagnetic circuit would result in a}change of the tension in the magnetic »
- field. This change affects the value of the acting force that affects the axis of
the gyroscope. The range may be fed in the sight-mechanism by regulating the slide
" of the rheostat that is connected to the electromagnetic circuit. Allowance must
. be made in the rheostat winding for the angle of lead formed by the gyroscope, so
that it would correspond to the range sstting in the sight-mechanism. This ineludes
’ changes in the angular target velocity in conformity with a given range as well as
—the effect of a given range upon the angle of lead.
Thus, the problem of forming the angle of lead autcomatically can be solved.
In sighting, the pilot?s task is confined to maneuvering hie aircraft and
maintaining the optical sight that is conrected to the gyroscope axis on the target
and adjusting continuously the range.

Below, we shall report on methods of range setting, but first we shall dwell

“lon the task of forming the angle of sight.
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102. Formi the le of Sight

For ths formation and adjustment of the angle of sight in acoordance with a

given range, the same technique as used to form and adjust the angle of lea.d.my

be applied. Let us visualize another electromagnet placed above the main electro-

Sou rce of
current Rheostat

Fig. 196. The angle of lead made by the syroscope may b2 maide to deperd on

i 12
L 22

the range, vrovided that an electromagnet is used instead of an ordinary magneb.
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C Auxiliary
elec:romagnetb

.Main
(electromagnec)

When electromagnets
are inactive

Direction of
rotation

%

N ) N
Ty — 3 = ERis 0 plan
When electromagnw Axls of gyroscope
Sighting angl\

are activated
Fig. 197. This shows oow th: angle of sight is formed by means of an awdliary
g N

electromaznet,

magnet located opposite the center of the wrroscope disk amd szrving %o fom the
angle of lead. Urdzr the action of Foucault currsnts the brakins effect is direcied
against the rotvor moverent. If the rotation of die cyroscope vere clockwise, this
Torce would be directed to wie left. .ith ti» help of tie law of pracession, it is
easy to establish that the rear 2.1 c{ the axis with uhe isk closast to the
pilot would deflect upward. That .eans, bLuat the front of tle gyroscope axis would
deflect toward the axis of the aireraft. By mansuvering the aircraft, t.e axis of
the syroscope can be alined with the target. In this case, the axis of the aircraft
and, thersfore, the axes of the gun-barrels mounted on tie aircrafi would be direct—
strength of the

ed above the target. By changing the/current in the elsctromagrnetic circuit, the
angle between the axis of the gyroscope and the axis of the aircraft could be made
to equal exactly the angle of sight at a given range. By a further change of the
strengbth of the current in the slectromagnetic winding, the angle of sight can be

adjusted for any range. It is, however, necessary to adjust the sight-—mechanism

_ to the changed range. The same applies to the rheostat slide that is connected to

193
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“ithe electromagnetic circuit. The rhouutaé winding would, of course, have to be
“Tadjusted accordingly. ‘

- - l{ow, the only problem left is the fizfxding and setting of the range.

.-1103. Range Setting with the Help of & Sight-Mechanism

1o There are two ways to find the accu;rite range. Both are based on scaling the

1
.~ langles of a given base that can be chosen either by reference to the gunner's aircral

. T or by reference to the target. Deperding on the site of this base, the methods of

. SN e e ala o a_ o momos in
are inpwn aa 1)method te delermine LhHd Tange in reference to the

- |
and 2) method to determine the range in reference to the target. ;
In the first case, the range is found by scaling angles g andp and solving the
sitwo angles of triangle AAoC and side (base) AC=B. However, this method is not used
5 S: in aerial gunnery since it would be toc much to expect the gunner to determine ang-

.. T lesa, p (Fig.198).

In the second case, a given target length serves as the base such as, for in-
— stance, the length of the fuselage or the length of the span (Fig.199). After deter-
- mining the angle at- which the base is visible, we may find the range with the
i 1
L

c - -
; =
m-mmm by~ Pig. 199 Principle-of finding range-—by—
| raference to_the plane of the gunper. . reference to the target.

a9
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help of the following forwula that has alrea % been quoted:

D = 1000 'l?‘l‘

Since a target aircraft may be at various foreshortenings, and sometimes the
span is visible, sometimes the length of the fuselage and soretimes both, the dis-
tance between the most remote points of the visible silhouette of the target is
considered as the base., This length is considered equal to the mean arithmetic
value of the length of the span and that of‘ the fuselare, i.e. half the sum of the
length of the span and the fuselage.

This principle is the basis for finding the range with a range finder in autom-
avic sight-mecranisms. [he cunner does nct have to find the range Py calculation
but merely has to set it automatically with the help of the sight-mechanism,

When usi,ng/ring-type sight--mechanism, the gunner estimates the target angles
by the eye through a range grid in the sight-mechanism. If automatic range finders

were also constructed along this principle, the gunner would not only have to scale

the target angles and estimate the range, but would have to set it while sighting,
so as tw form the angle of lead and the angle of sighting. ’lowever, the idea is
to relieve the gunner of this operation and to have an automatic range finder,

Izt us imagine that in the field of vision of the sight-recleanism tlere are u
two pivots which th2 gunrer may either draw ‘together or pull apart with a mechanical
device. The sunner wouvld enclosz the target between the balls -~Jjusting the piwts
accordingly. ovidently tns listance between these bolls would indicate the argle at
_which the target is visible, i.e. the range (with a given size of a target).

Tre motion of the ypivobs can be transmitted immediately to the rheostat slide .
of the electromagneticof the sight-mecianism, so tnat the range wwuld be fed in the:

v  sight-mechanism automntically. The gunner's task is limited to framing the target

_ betwsen the balls of the range finder. Since the target may assume different po-

sitions in relation to the gunner, several pivots with balls must be placed in the -

i

field of vision of the sight-mechanism, so that the target could be framed in any _i
195 i

i
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' ,1 position. These mechanical devices restr;;‘.ct the gunner's field ‘of vision. “For t_h‘;b;

) 7‘ reason, optical instruments are used to sjcale the angular values of the target, ‘.myf
gunner sees only luminous pips which he c&n draw apart or pull together with the hel%p

‘ _I'of a special device enclosing the target ;o as to set the range. Let us see, 'hé;—s

i

these luminous pips are produced in the field of vision and how they can be drawn i

i together or removed from the sight axis.

3

—_—
Scale of distances
or rheostat

A ) Eye of gunner %Y. ) .
—:Fig.200 Principle of setting range in Fig.201 Design of luminous diamond—
36—t gighting. shaped pips of range finder.

38“{ Let us imagine two opaque disks. One of them had a radial slit and the other

individually, a iuminous straight line would show on the first disk, and irregular- i

i

40:7 is provided with irregularly shaped slits., If each of these disks were illuminated ‘

_ily shaped slits on the second. If we placed one disk over the other and :Ll:l.um:l.n.at.odE
them, only a diamond -shaped rhombus would show where the straight cut intersects
the irregularly shaped slits. If the dialL with the straight slit remained station- |
ary, the luminous rhombus would be ah:l.ftegi along the radial slit moving away from
the center or approaching it in aceorc.hncq“1 with the direction in which the disk
jburne—¥b—is-necessary-to-cut-a eomopoiding ~nub¢r'cf—slitron~ueh-of~thtﬂich;

uminous- rhoabuses-would show along the. circumfer —
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7 If these disks wer: placed bsfere ﬁhé gunner, he would nnt sea amrthing excopt
‘..,.L.tt.e luninous pips. For that reason, the small rhombuses are built with the help

. a.n optical device similar to that used fo; the construction of ths grid of collima

i ) After focusincr the objective on the ;'hsks and letting the rays i‘mm th;:;m:lrce i

"
—; of light pass through the openings in the‘disks, we could obtain an infinite image
l'L.
fof the rhombuses on the reflector. The disk vith the irregularly shaped figures
'could be attached with the nelp of a gear'or rope drive equipped with a knch, so

§

th'zt tre pilet ecould fwm @is disk at any angle to produce the luminous images of
; bhe diamond-shaped pics ai the necessary distance from tre grid center., The slides{

»of the rhsostats of the angle of lead and"rhe angle of sight could also be conrecte

with this know. The pilot would then fend in the range directly by turning the mobi
:a.nd frame the target by the dianond-shaped pips, J
Inasmuch as the angular values of the target @ not depend on its range but

— depend on its lirear values, this operation can only s erve to determine ang set
o the range for one definite target size. chever, without essential changes the ’
i above installation could be adjusted to register any range length. For that puroose.g,
the disk with radial slits mst also be mobile. Here are the Tesults that we couid "
~ obtain by proceeding in this manmer: 5
Let us assume, that while the disk with straight slits is stationary, the disk;

i
i

Tvwlth the irregularly sheped figures has to be shifted to a certain argle, so as to
angle would correspond to the Tmrge of the

jtarget. If another larger target were placed at the same distance, the diamond-

i
" shaped pips would have to be mowved apart more. To achieve this, the disk vith the

gj irregularly shaped figures has to be turned at a greater mgle. Since the range isi-
501 Judged by the angle, at which the disk 13 turned, and sirce this turn is connec‘bed .
52— with the rheosbat slides, the range fed in the sz.ghi,—mechanism is greater than tho

agtnzl ranga Con
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turns, would remain unchanged. This can e dome by leaving the disk with the Lrres
Fularly shaped figures.in its. o:!is:l.mlmo-i.tion m.xh.umdiskm_zm__

' Rheostat of !
Rheostat of sighting angles the opposite direction.
iead angles. £ €=

Thus, range corrections

; ¢an be made by turning the
disk. This disk my be

connected to the scale so

L

Souid we estaplished in adk
vance. Framing the target
by the diamond-shaped pips

*2—Knob for feeq.

ing in range Sl , f’lectPO_I_nagqet would suffice to fesd the

Ny
N

actual range to the sight-

ty
o

|
FPig.202 Range finder connected with slides of the

mechanism as long as the
2

rheostats of lead and sighting angles.

=
=

!

,5 disk with the radial slit
i

—jis turned beforehand at an angle that com;osponds to the size of the target.

[}
2

_jjf.
=
7
.

This operation solves the task of setting the range.
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jcharacteristics, I
1

2~ i
"110h. Design of an Aubomatic Sight-Mechanism

2 e . e e e e,

o The pilot must watch the diamond-shaped pips in the rarge finder and the

‘clearly marked direction of the axly of “Hw gyroscope in order to aline the-axisof-

i the gyroscope and to frame the target proi:erly. At this point, it should be mention
. ed, that the diamond-shaped pips must be symmetrical in relation to the line of
; sight since in tracking the target the line of sight coincides with the target.

eonely hy tha diamond-shaped pips of

. the range finder, We know that the line of sight must always run parallel to t:e

i |
axis of the gyroscope and, therefore, the gunner's eyes must also be fixed on the |

‘ diamond-shaped pips in a parallel directﬂ:on relative to the axis of the gyroscope.
T a system of mirrors is used to form the axis of sight and to produce the diamond-
shaped pips before the gunner's eyes. A round mirror is attached to the rear emd
t of the axis of the gyroscope, opposite the metal disk, and another mirror is mourted
on the sight-mechanism to direct the rays from the round mirror to the reflector.
A third mirror serves as g reflector dizécting the rays into tie gunner's eyes. .
. The rays from the mirror that revolves with the gyroscope rotor are produced by a "
bulb. These rays pass first through the slits of the range finder disks, and
through the openings in the centers of these disks. Afber passing through the
central openings a ray strikes the round mirror and is reflected on the stationary
mirror from where it is transmitted to the reflsctor. As it glances off the re-
flector, the ray hits the gunner's eye and the gunner sees the image of a luminous
point along the entire length of this ray behind the reflector. If the axis of the
gyroscope were parallel to the axis of ti:e aircraft as the ray hits the gunner’s
eye, it will remain pa.ra]lel to it at my turn., It is this sight ray thgt the
gamer must br:!ng 111 line wth the 'bargeb. Other rnys fmn the bulb prod\we the
imapes »DI the 1um_noﬁg dj.gmond-gha_;:gd pips behind ﬂ’m mmct. as they pus thmgh g

 the slits of the rangs finder disks, ~ghsss dimund—-ahl.ptd pips are symtricﬂ.
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—|windings, so that any shift of the slide ircreases the resistance of the winding

relative to the central luminous point. 'hu » the whole grid composed of diamond-

. shapad pips and & cen-
tral point shifis in

Sight awis
Rotor of Metal

gyroscope disk Auxiliery the same direction and|
‘Mirrors ’ electromagnet

at the same angle as
g

uuuui;s the axis of the gyro-
=7\ .

y Main

electromagnet ° °P° wherever it may

turn.

‘ The range [inder
disk with radisl slits
turns with the help ofl
a base setting handle.

Source ‘of
range current The disk with the

ir:,g.zoa Design of automatic sight-mechanism in a fighter. irregularly shaped
figures is connected with the knob of the|range setting system and with the slide
of the rheostat of the leid and sighting angles. At one end, this slide is shif-
ted along the rheostat angle of lead, and at the other, along the rheostat angle

of sight. The windings of the electromagnets are connected with the rheostat

of one of the electromagnets, diminishing at the same time the resistance of

the winding of another electromagnet. This happens because as the range in~
creases, the angle of sight has also to l increased. Consequently, the strength
of the current in the auxiliary ol-etm:In't must also be increased, so that

the axis of the gyroscope may deflect at § larger angle. The angle of lead

._f_or-.d by the gyroscope will So,d»gmed as the range of firing increasss,

since the a.n‘uh.r vc_looity of the target *111 diminish. It is, therefore, obvious )

that the asgular velosity at which the aiferaft turns will also decresse, and

{the axis of the grresceps will lag behind|the axis of the aireraft by a smaller
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’;'Sn'glé’ while it should bd lagging by a greater angle, To conpensats for the decnxw.i

'in angular barget velocity with the 1ncrease of the range and to correct the mcreas?

in the time of flight of the projectile, the gyroscope mst be allowed greater free

lead by weakening the current in the winding. As the range diminighes, the gunner

i

|dom. This is necessary toweaken the effact of the electromagnet ofthe— emgle»cf~—~f
i

E

_;has to move the diamond shaped pips pf the range finder aparb so that the target is
: framed. He uses a handle for this operation. As the disk with irregularly shaped
) figures moves, the slide of the rheostats also moves. The strength of the currert !
: Vv in the electromagnet of the angle of sight will beiweakéned while it vé11l be inten- :

P

sventually, the angle of sight

‘; sified in the eleciromagnst of the angle of le ad.
: will become smaller since the eccentric force produced in the disk opposite the
T auxiliary electromagnet will be weakened. Ab the saie time, tho andle of lsad
will dimirish as a resuld of boosting e nagnetic field of the main electroragnet.
! Consequently, the braking effect upon the disk produced by the mmin electromgret
vwill increase provided that it is removed somevhat from the center of the disk ?
causing it to precess at higher speed and follow the turn of the aireraft.
These are the principles used in the design of an automatic gun-sight mourrbeu
: on stationary cun installations. !
The principles upon which anbohatic sight—mechanisms on mobile i nstallations ,
are built do not differ greatly from®the above design. We shall, therefore, refra.lh

from discussing them here.

105. The Pilot's Task in Operating Automatic Sight-Mechanisms

Although avtomatic sight-mechanisus tuilt to mke allowmce for relaiive
target velocity relieve the pilot or g\mner entirely from any calculations, the
" pasie process of sighting is made soma-vﬂxat- more difficult. After the p:llot iden'bi-- '

fiss the point of lead nith the help of a sight—mechanism that takes into acmurt. i .

the absolute ta?ge'b velocity, he .can mn_,auvei"ﬁ}ie"hircraft straighttmd thia pth
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_jand o;ien barrage fire, With an automatic ;sight—mech anism Ie msm‘ follovr&; b; e

the entire airerafy maintaining the

a_l
a

~Which is neot rigidly conmected with the aircraft, 4 sharp turn of the cont v wheels
YO in the field of vision

—produces a "floating"/of the point of aim according to wil.ch the axis of tle sight -

TS B oty ettty e

{mechanism is adjusted and only a highly skilled prilot is aHle to maintain the mohile

_ithe axis of the aircraft bub, to put it plhinly, with the axis of uamosco{é“ﬂ/
{

.axis of the gyroscope steadily on the target while tuming hfs aircraft, In all ;
—~..other respects, the pilot's operation is reduced to purely mechanical actions, Herej
ds how he ms to Proceed: .

entering an area vwhere an encourter with the eremy my be expected,

;Lbhe pilot turns on the electric system of the sight-mechanism about five to ten

minutes before the anticipated combat so as to allow the gyroscope motor to mun for

ips of the range finder must be moved apart as mch as

i

. possible, i.e. their position mst correspord to the mximum range. In this posi‘doxj

he range finder, the ads of the gyroscope is most "rigidly" connected with the
axis of the aireraft ang lags only by a minirmm angle,

2. After identifying the target, the pilot establishes its size on the scals ;
“and without changing the position of the range finder, he maneuvers his ajrcraft f
0 that the central point of aim coincides with the target, 5

3. Continuing to track the target v{ith the entire aircraft and albrays naintaillx—
ng the central point of aim on it, the piELot frames the target bythe‘ di amond- ’
54 jshaped pips of the range finder, bringing togother the inages and enclestng
ssj;.mn a di}?lﬁﬂél‘l..ﬂl?jﬁ?li@é&'ﬁ‘! Yo run around the imner ends
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L. After the grid is steadily maintained on the target, the pilot opsna fire
_fand without letting the target out of the grid continues to fire until the target

is ﬂéstroye « It goes without saying, that the number of rourds shoqu not ezd:éé-d“j

U S

the permissible one, so as not to disorient the guns,

!
!
There are the general pri Lles of design and operation of automatic sight- z'
mechanisms in aerial cun installations comstructed to allow for relative target i

A . veloaity.,

Now, vwe shall report on the one : Vs mourbed on remote-control

!
!
i
H
!
%
]
i
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Chapter ¥

!

PRINGIPLSS OF AUTHATIC SIGUP-MSGHANISMS IN REMDTS-GOKTROL .
STALZATIONS

: Mobile gun-installations in aircrafts serve primarily for defense and rarely

ifor attacking purposes. For that reason, bile sun installations are mounted so

4
madmm efficiency in case of attacks by pursuit planes.
ral r dacl 12 l HOU3E  puiiedrs balla bion
ir an aireraft. Decisive, howsver, are the overall size and the purpose i : -

iven aircraft,
There is no doubt, for instance, that a mobile gachins- installation in

t bomber must be set up in the upper part of the aircraft o

't homber

t

|
wbile mn-installat+

itudes than a ligh* bomber a & ve borber is, therefore,

ividently, the defense systen must be installed
50__350 2% %o permit rear and downward firing. The stationary machine-mns and cannons

thn this type of ~ircraft that fire forwerd, permit defense in the front and in the

7 But do not permit repddlirg attacks In front from above, |

BRI X o

¢ alroraft would have to nose up for this pirposs while the props rtd

anitized Cop roved for Release 2
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the meirztallatd on

Covmard and v mard

‘bion i required

fire, ard a hal?
‘1so be =2t up v hribton 4 cvard and dommwerd,
.ary guns ord earry_mobile:

the

ations are ca2lled "remse-contml gun-installations." The

cunrer orients and contr the fire with the lelp of a system of rechanical drives |

as with slectric and hydraulic gears set up at some distance from the

oved for Release 2010



mhers as rendbr-conhrol instollatdens, since only the

ol while zighting is done by mareuvering the. ..

Aating wechanisms in

well as the applica

unrer can no

o carry out

carry out the

' on thz principle of accountin: for relative target velocity. i
We have already noted that the relative angle of lead ‘ﬁ. is measured by the i

roduct of the relative angular target velocity @b and time of flight of the project—

i

ile %, i.e.
Yr = Wi,

Consequently, the automatic sight-mechanism that solves the
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it e e e

ve aurular t-roet voloed easured,  IIwe
at the target >mi rould maintain the reticle of the
anelar vel&cit;r at vhich the mun-sicht turna relative
s of courme, precisely équal the relative target velocity. THaTe=}
- fore, 211 we have to do is to detzrmine the analdar ocity at which the pun-sight
the aircraft swhils e barg: tracked by the t axis.
At this point, we camnot apply the reticle of ile gun-sigit following the
narant or actual movemert of the target to establish the value of the relative or |
e lead we nave dors in ring-type sicht-mechanisms, Tre angular target
eonstantly: for that resson, corrections in t anele of laad
must be made constantly inasmuch as the angular targebt
is the first characteristic of sighting vwith the help of
in rzmobe-control and, genesrally, nobile gun-inst=1lationss
ion and control »f the fires the sight axis rmst e
n other words, the reticle
he target.
suit planes and %
lationd, the argular target velocity is determined
ns of remote-control installatvions in the form of its com-

ponents &n the izon 1 plapes, i.e. the anudar velocity of the

turn of the optical bean near the vertigalr:axis and the angular welocity at which

} activities of medium and heavy tombers. ‘Ccmtrary to fighters, light bombers and

; dive bombers they are in level flight incombat missions. That means that during

t turns near its horizontal axis ~re found =eparately. This second peculiarity

of sighting with remote~control gun-installations resvlts from the naturs of combat,‘
!
|
B

: a turn one of the sight axes is always 1ﬁ vertical position and it is, therefore,

approptjate and practical the angular target velocj_ty reiative th axis and the
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lighting' instead of calling it a chgr;ct rintic‘toclrmivq'uro of muring the angular 9 -
got -velooity, since the sight-mechanisn -actually mot enly asoountec for the-angle— '
of lead in the dir- :
" ection of the visibl
target movement with
. this method of mea-
suring the angular
~ target velocity, but

3%
> takeas two angles mt?

account: one in the 1

| . €, v’ ! 3
- M Bl 2
emplacement ) the other in the izorr o o

Sighting post g —
Fore and aft axt izontal plane.

The third char-

{

|

C acteristic of sighb-i

ing is a result of ;

" - make the bore of the machine-gun parallel to the set for- the so-called P‘r‘l‘i
3@,3 ward line of sight, i.e. to have it devh}.e from the fore lax position of the :

A — and aft axes of the plane at an angle of *Y in the horizon— gun and the sight-

{ tal plane and of E, in the vertical. mechanism, i.e. the

40
42—4disphoen‘nt of the sight-mechanism relative the gun. This dQifference in position ;

i

Mjoccurro in the horigental plane as wsll as in the vertical plane. The aight—mcha.nﬂ.+
=y be shifted relative the gun along the longitudinal, normal and lateral axes.
Since the lateral and normal axes of the J_ircﬂ.ft fuselage are not very long, the . S
lateral displacsment of the .mt-cmiT‘?- relative the gun would mot be great; it
is, therefore, disregarded and emly the digyl-cluut along the longitudinal axis of

the aireraft -which can be quite oouidu-qblo- is taken into ascount. We shall, ‘

i

STAT]
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operblons to a reat extent,

of these cb: ns 38,

iong in r he 1z of the
firine fron of i This is

inmoe

opposite direction to the wector of zbsolute target velocity vy Relati set for-
T oward patot ’&}', will be located along the vector of relative target velocity v and

‘at a distance from po zh of i I \ . Epltip-

L, © AAy = vyt

If the gun vere also located in poi.n*, O3 and the trajectory of the projectile

56
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to it tha wap T am
- .
horizontal ani by amgle Avg in the

i
BN azCune

!ole that joins the target by angle vP b
blon T olative she

4 vertical., The run barrel woul-i +
b2 horizontal place lenabed des

tirplare and

To orient the

il p h 1 ros
wovld notb pa through point A

PRI
to the wdwve of YR 54
1ue of parsil Cons= uently,

sore horizortall: and versicen)

rd relative set formrd point ‘ij- .
ani of the mn, let

rthing in the positior of the sight

W,
Without changing
factors that affect firing operations with mobilae instal la- |

us consider soms other
e formed

tions,
tallations the projectile lags under the angl,

In firing from mobile ins
lane, i e. Lnereﬂgan apparent deflection of the trajecto

!
L_by the axis of the airp
‘1.! toward the tail of the atreraf: We h Lre: v
the t te ave already m
e T2 TATD already mentioned that the mn-barrel
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must be deflected from the set forward 1ﬂ. of site in direction of the flight o?——,
i -aircraft. a0 as to allow for the pmdo’tile lag, i.e. the adjusting point of the
A ‘ * gun-barrel must be
ed from the

relative set forward)

point by the distam

that equals the lag

value (Fig.206). If

Iy

0y the axis of the
gun-barrel would
have to be oriented
along line 074 to
allow for target

movement. and projec—
’rig.zob To allew for projcct;ile lag z, ii is necessary to tile lag and the
_‘h;“ the bore of the machine-gun parallel to line olA » turn- piece be turned fur—%
i ji‘“‘ it furthermore at an angle of A ¥ in the horizontal thermore relative
g_lplm‘ The position of the piece with ac¢omt of target vel- 1ine ol‘} in the hori}—
-—4031(5: and 1ag will be defined by angles ¥, and [ _. izontal plane by ?
angle Ag¥y , without deflecting it in the vertical plane. Thus, the gun-barrel -1]_1“
be in a position defined by angles ¥, and E; relative the aircraft.

Angle ¥y in the horizontal plane rill be formed if angular correction is made
in the lag to the hull angle of the t.u-gct A,* » and this correction added to
angle i‘ .+ With a minor error, angle F,”ﬁ can be considered equal to angle Eye

Since tho piece is in point 0O in'tud of being in point 01, we would

make the bore axis parallel to line 011 byrfor-in;_tho angles of sight # and

STAT
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The ancles th-t definite the posiiion of the sun-barras zlative the muvert's

_oaireraft and with allowance for target velncity and projectile lag would now be

¥z 3¥y .y

€z = &
v =t "’Ay! , we siell obtain

9. =P +A, ¥ +A P

£ TE4A, .
Wl and A Foimicth hae ~1lowr far toarest
R ¥ =

rojectile lag in the Torm the angles
obtzined by these

The Lore axis

4 it is in point 01) alow
048 while the 2 4 2bove point A by tne vaiue of pm;}ectile:
fall s or, in other words, the bors of
ward by angled  t, vithout changing ¥

Yow, ths po ‘or. of the piece
a.ndés and angle §4 will equal angle@p,.

Since the piece is in point O its axis will be prallel %o line OB after
@ , and & are forned,

We shall find angles(Pg and &s after making correction to 2llow far the fall
in the eorlier obtained angles§, and €.

Sé__é_—_

We shall obtain
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Vs * @z
Ea=Eg *
V+B8y¥ + AV and £ ,=%

4, £,
‘but g =

Yy TV AW A
o = £+ AE* AL,

+ Ay £, therefore

He see that finally, after allowing for target velocity, and the lag and fall of

the bore of the machine gun parallei to line 0B, turning it
urthermore upward at an angle of A s E . The position of
45|
_jthe plece with account of target velocity, lag and gravity

_ldrop is defined by angles ¥ , and E,.

the projectile, the
bore of the gun is

parallel to the line

€,B. Per thst ross-
1

on, the projectile
falling under the
effect of gravity at;
a distance BA=s and
lagging under the ‘
action of the actm]:
velocity of the air—
craft at a distance
AAy-Z will not hit
relative point of
impact A; » but will :
pass it at a dintlnc'e
equal the value of ‘
i

parallax p. To have

i

the projectile hit

relative point of impect A} the bore of the gun must be pointed to point B by twrn-

the axis of the bore further from ponit:wn oc by Anglea Ap¥

ing
(113.208) mtud of adjuting it to tho rnn.llol lino

s6p L

e e o e Pt A RS AN RO b s NS A

B e T p—
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After this additionol turr, tha bore of tre Tun would be in position 0B, de-
"nsles of elevation -~ the relative hnll an of the piecs v,
and the relative an of elavition 94,
fo T¢anr ongles vo nd Bo corrac ‘UPﬁ_Apf and
corrictions st he ad ed to the earlier for ed an
the Mull ~nple of fhe t-rgot @Pand
Wow, t 2 projectile d enarts rg in direction OB

2ct of ~ravit

Coint.

2levntion

and
but we have established that s =Y "Ay? +A2

therefore, we shall finallv bbtain

‘o SYtA ¢ A, ge ALy
|5, A E +AE p e

fle see, that ir order to find the relative hull nngle of elevation V,, the
corresponding corrections in leac Ay'f, in lag 3797: and in parallax qu; mist be
added to the hull angle of the targetd{ To find the relative elevation 9, the
correction in lead Ayt, in the projectile fall &% and in pﬂrallaxApi’— has to be
added to the angle of site of the target,

Thus, when the sight axis is in position Ole, the bore axis met be in positnn
OB. The piece mst occupy this position as a result of tracking the target with
the axis of the sight before it approaches point Ag. T rers bacause the
angular target velocity has to be establssied to nake the ocorrection, Howevar,

ihe angular target ®elocity can, in turn, be defined as the angular veloci ty of

the turn of the sight. That means, that the target has t0 pe tracled for a ce
E STAT]

214
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Al R

,jtime by the sight axis so as to establish this angular velocity and to measure 1{-_—}
I Position OB.of the |
i bore of the gun cor—!
. rosﬁon&a‘ onl;lo:lz‘o’
moment at which the ’
sight axis is in ‘;
- position 4;0,. As ;
soon as tracking thdj

target with the ei
axis is done along
A0A§, the bore of
the gun must assume
other positions
’a.ccording to the

Fig.208 To allow for parallax, it is necessary in addit- new firing condit-

_ion to turn the bore of the machine gun at an angle of Ap" ions which change

. in the horizontal plane and Ap& in the yertica.l , and dir- as the relative t.ar-“k

ect it at boint B. The position of the piece with account get movement change+

In the process !

|
of tracking the tar-‘
get with the sight |

f all factors is defined by angles Yo, and 8,.

14 ;axis, special mechanisms must allow for corrections Ay\ﬁ s8,% , and Ap(p to!

} ' the hull angle of the target in accordance with firing conditions and with the nat le

B 8:} of the target movement. Corrections Ayg AE and APE to the angle of site of the

So—? get must also be made. Unless these corrections are signalled to the firing instal-
lation, the piece is connected with the sight-mechanism so that its axis alvays re-:

5 4—-7’ mains pu-uol_l}g_ the axis of sight regardless of how the

f aim of the guns preci

Approved for Release 2010/08/30 : CIA-RDP81
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-ithe hull apglos of the target ¥ and the si{ie angle of Lhahrget &. This a;p_iies to
] i
| what we may call a rough alming of the amins. Signalling the argular corrections .

2 A T b o £t e e

o allow for lead, lag, fall and the parallax,of the piece &ust turn nadditionally at
,,anglaséy(r, A LY and Ap(y in the horizontal plane and by anglss A yi ,A . N
FaN pg, in the wvertical plane occupying the position necessary to hit the target.
Since firing conditions change continuous "', trese corrections must also be rnaie con.

..tinously and signalled to the installation.

P

Thus, in tracking the target continuously, ths gun bore must be always in a

position to make the released projectile paas thmugh the »

+

necessary corrections, A special mechanism is avsilable to compute each of these

|

i

i

The difficuliy of the task of si _ s, essentially, the need to compube 211§
|

|

|

- corrections. It debermines the corrsction her independently or interaction niﬁ‘h
) as in accordance with the firing conditions transmitted to the nec‘vaman
--siznalline it to the firing installation.

. It is im at this point to s‘mﬁy g¢aeh of these mechanisms since the
”vrorkinr pr les of the decisive rechanisns exceed the scope of this book,.

) We shall canfine ourselves to reporting on the general oper on of airming the
guns briefly referring to the prinei; of computing the corrections and sigralling |
» then to the firing installation.

> the main task of an automtic sight-mechanism in renote~control gun
ions
consists in computing earect/in s

Iet us see how this is being done.

How to Compute Gorrections Pointing Angles of Guns

48“’ To begin with, we shall compute the basic corrections for pointing angles to

5 “’i'eport on the principles of computing oorrecticms, i.. we shall start with correc-
52~

ions for the lead 4 . 4 emd ), g .
54 TR G R A zm“-
56
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iis in flight. In fact, if a projectile ware releascd while the target is at peint

_jOo L;_ and would slso be directed at point A; at the moment of imps
‘ f‘ool"y at which the optical beam of the viewer is turned in the plame of the visible
[ i

%erget movement, is formed by turning it at horiszontal angle Ay? and vertical angle

) :A yE . In both planes, the viewer beam turns with a certain angulsr velocity. We

shall denote the argular velocity of the

turn of the viewer beam by&v in the hori- |

zontsl plene and W, in the verticel. Then, }
tbs horlizontal angle at which the viewer
besm is turred during the flight of the
mojpctile is AyP-Gyt, and the vertical
angle would be expressed byAyi =g,
Coms equently, to compute the angular
. ‘ correction for target velocity, we must
_Fig. 209. The angular velocities of the know the engular velocity at which the
k ‘:fertical and horizomtal rotation of the viewer besam turns in the vertical end hori.
‘ :_;iemr are determired by means of two zontal planes during the time of flight of
the projectile.
How can these values be determined?
To determins the angular velocities of the turn of the viewer besm, we use two
+ .
(Fig. 209) is connected with the verf.ieq’l. rod of the viewer and serves to establ
anguler velocity at which the viewer b?- 4s turned in the horisontal plans.
—pPyroscope II is conmscted with the thoupp;rpnrtofthmﬂrlnaswmtod.-

52~

vertical plans.

their frames may tura’

Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81
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‘plnne -- either the vertical or the horisontal. The axis of the frame of the lov;er
gyroscope is perpendicular to the vertical axis at which the viewer turns; that of -
:the upper gyroscope — to the horizontal exis. ‘
’ In statiom&;
viewers the axis o}
the upper gyroscopi’
is parallel to tha{
of the viewer whilé
the axis of the
lower gyroscope is‘
on the same verti-
cal plane with the
axis of the viewer
current : and perpendicular
to its vertical '
Fig.210 Diagram of device allowing the determination of
axis of rotation.
angular correction on target velocity.
Pivots that
are passed through solenoids I -- the latter are connected with the viewer — are

attached to the frames of the gyroscopes along the rotor axes. (Fig.21C). Each

" pivot carries movable contact 2 at its end. This movable contact is enclosed by

. two stationary contacts 3 which are also comnected to the viewer.

For a better understanding of the principle of determining angular velocities
at which the viewer turns, let us examine the action of the lower gyroscope that
is connected with the vertical rod of the sight-mechanism and scales the angular

velocity of the turn of the viewer beam ia the horizontal plane.

As the viewer turns about the vertical axis, & sight holder on which the

rame of the gyro attacl ns_along with the viewe

Sanitized Copy Approved for Release 2010/08/30 : CIA-RDP81
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n which these force acta. We :{lwo know that the - reater the velocihty,
the e-renter t acting force, Conéaqﬁé:‘xtlf 5 in our cas2 hereé 1
core will deflect either upward or dovmrafd Aarendirg on the direction in vhichk the
of the ryroscocpe revolve

As soon as the frame of the grroscope deflects from its membral position, ore

of the stationary contacts 3 will close and motor lj will Mo <3% into motion,

ct closes, the motor revolves in one dirsction md if it is the Lower!

contact, the motor revolves in anct
th the help of a screv conbact brishes 5 and 6 of potentioneters
r2 set into notion froa the mobor
through a

so0-called

the volings:

current has ir

—1 and decreased in pohentiometer 7 by a deareuse in sector CB by value CCy. For that
j flowing

! reason, the brush lead ir position ul N wiJ.l produce a curﬁent/&long the circuit
another

of the solenoid in e direction indicatr:?d by arrows on ths diagram, If/contact 3

i
!
!
|
|
|
]
H
44, t
{

48
closes, the motor will revolve in thél Gpgcs.hte direotbon, *he brush lead will take

place to the left ard the current inthalsolenoid circuit will begin to flow in fhe‘

rsed cu.rectlon. The not.ox' contimma!to mvolve as long as ons of cortacts 3

anitized Cop roved for Release 2
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ni v o e e

e . .
creiss and an increasivsly ihbtenss current will flow alopg 4

|
The eurrent intensity w1l incroase witilithe mapmatic feid of the solenoid vil
|

open the contacts retuming the frare of*; E € meutral position between
the contacts, o -
After the contacte are opened the =otor will
>rishes vill rennin laced, o 110 : i 1lory bl leroid
winding ard if 4 shrens : 9 19 of i ne strives o Lwr
111 not chonge, tha 7

This position vill be nc

Tould bring

¢ momnert Tou

of the cnr
until the cortacts reopen, i.e. until the posint the potenti
'1 not be adjusted 1o the angular harget velocity. Should tle
e L lso Jdecrease,
FOUS. T 2 of e gyroscope
oprosite cortact,
¢t brushes back, veakening  the
til the conbacts reopen. ‘hen the rotation of the r stops the brushes are
cirentt
shifted inte neutrzl posiftion =nd the currert in the solenoid/will stop-flowirfg,
the frame will be placed into central position, This haprens ~fter itle contacts
are closed under the effect of the excessive magnetic field,

In the system discussed here, the agnetic field of the solencid always

bzlances the gyroscopic moment of the gyroscope; consequently, the position of

and & of the D

inhbidickoisisiniut ipnbohstaitiatns

e T S S U 1
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ctarce of Lhe o s frim peutral lire 8 . at’a certain scale,
bl

r in the !wﬁ.zor%tnl plane, R [

AThe uprer gyroescope functiona in Sanme manner, here, too, the anmmlar tar-
elocity in the vertical plane 4g ~b+ n ths forn of ths shi

es of the potenticasters from the
We have nd¥found the angular

:zontal n

shall determire the correctTons.

Let us assume that we ow h ht of the proiec ‘le‘
2 shall in the T A R, a sector in solen
circuit. ted time of flight
--of the projectile. Since resistance )is}
\senes it is obvious that the greater
that flows in the solenais
--the potentiometers would have to be rnovsd farth
- of the gyroscope to its central posi
At decreased tine of flight of the nroject esistance By will also diminish, |
-and the slides of the pobap_tiginetexs 711l be displacsd less. Thus, the distance at
‘which the slides of the potentionmeters are moved from their neutral position, will
Andicate the angular correction for the target velocv ty in 8 certain scale instead
-*3 howing the angular target velocity. 1In fact, the correction for the moverent of
jthe target depends from the time of flight of the projectile and increases akong
52 with it. In our device the shift of the brushes of the potentionmeters increases

54" th inereased resistance Rl ’l'hat. mans, that consider:hng resistance By '.ln a

56 jeertain scale as the tiu:e of ﬂight cr the projectile we can, msorting again to -
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‘

an appropriate scale, consider the change in the position of the brushes as the

.angular correction for the velocity of the target movement.

- Thus, our device automatically determines the angular target velocity comput

- directly the angular correction for the lead after the time of flight of the pro}

bFig.2L‘L Projectile flight time circuit.

of rheostats allows the expression of projectile flight

-time in amperage.

circuit. Let us try to imagine it precisely in this manner.

This system

tile is fed to this de
vice.

Let us examine nqg
one of the methods tha
serve to establish th
time of flight of the
projectile.

From the above 4
sign we have seen tha
it is most efficient
visuvalize tue time of
flight of the project

as a certain resistan|

The time of flight of the projectile depends primarily on the range of firin]

It increases as the range increases.

Let us assume that slide 3 of rheostat Ry

used in fighters. As the disk with the irregularly shaped slits turns the rheos

46
——Jbut by a few irregular gears the distance 3 proportional to the change of the t.

48
—iot flight of the projectile that occurs as the range changes. For that purpose, *
50—

50

54 ~{‘

-—{protﬂes of the pattern gears must be chosen correctly.

.

Sanitized Cop
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jslides moves at a distance that is not preportional to the angular move of the d

By framing the target while tracking it with the diamond-shaped pips, we ¢
rhecstat resistance Ry that will be proportional to the time of flight of the pre
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} of resistance if the time of flight of tho projectile did not depend on anything

Jectile at a given renge.
: This rhecstat would suffice to feed the time in the sight-mechanism in the £

else. But the time of flight depends on a whole series of factors. Tho quotod bal-

listic coefficient c¢p = c. A , 1s one of these factors; it depends on the relation

. between the density of the air at the altitude of firing and at sea level since

A= _1h .

o
The density of the air depends on atmospheric pressure p and temperaturs T.

' That means, that in the final analysis the above ballistic coefficient for a given

projectile depends or the atmoapheric pressure and the temperature of the air.

B Consequently, the sight must include a special device To compuie il wallisii

" efficient in accordance with the temperature and pressure signalled to it, showing

_the coefficient in the form of a mechanical move. In the projectile flight time

circuit this mechanical move is transmitted to slide 2 and is transformed into

rheostat resistance Rc. As the above ballistic coefficient decreases, the time

" of flight of the projectile also decreases. This takes place according to a com-

. plicated law.

At the same time, the time of flight of the projectile depends on the initial

velocity of the projectile, the veloecity of the aircraft and the sighting angles

Tv and 9. That means, that a special device must be built into the sighting-mechan- !

1
f 3

46-—‘
SO_‘

)

" ism to account for the dependence on the time of flight of the projectiie on all

;theae factors in the form of some mechanical shift. In the projectile flight time

circuit this mechanical shift is transmitted to the slide of rheostat R\®, and

'the time factor, or rather its dependence upon the above factors, is indicated by

the rheostat resistance B.'O.

The time of flight also depends on the range and height of firing, the velocit;

s4jnz_t.m_;mun_m complex of. other factors, but not om individual factors..

56,

Sanitized Cop

hat this dcmndmce is most efficiently expressed by the formula .
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Tenenbey from thair: course in phrsiecs, this formula represent /\

of bhe eleschric circnit that is composed of tvo resistonces

sraliellor,

Lot us examine now one of the methods to compute corrections in the p:eiectis
£2a11 =nd lag. These corrections are wavn as ballistic corrections., They are‘

computed by a ballistic director

<

mechanism.

We can find formilas of correction in the scheme of sighting to allow for

Zpond for descen8 of the pmject—il As; “these formilas aves

GE_ZE e
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is device allows to obtain corrections far pro-

ag ard drop in the form of displacerents of the lower extremity of rod 1.
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Jotui 3 won) 5o be equal at each given
lower extrol bhe rod will move to a cexr- !

urred at

ular corre

forn of displace~
|
|

riremeity of rod 1,

49
Parallax correc 5 can be computed in the same manrer as sbove. In the
1lax corrections are expressed by formlas

sin v
Apy= Dcoss?

_ pcosvsing
Apa D -

The parallax mechanism (Fig. 213) cap be constructed as a jJoimt installatdon,

hat also has rod 1 gt its extremity which can tum in joint 2. The upper part of

"“1 B .
54ltbe rod 18 connected with crank 3 through erank 6.and conmmcting rod 4. Cramk L
ssj,mnm_amgmeu.m&mmgz with comnecting rod i and orenk § about

226
—
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- axis I-I,

US|

The length of crenk 3 is constant and in a certain scals equals the peralles -
vwhile the distance from t s of rotation of crank € *c the ball ;]oibnt 2 equal

s

the range of firing.

SN, SO

) If crank 3 were twmned now about axis II-IT by an argle hat equals the hull
~ngle 9, and the e ra systen about = II-IT by an angile that equals elevation 6,
- the lover extremity of rod 1 will be Hsnlaced by a distance proportional to the
, parallax angular corrections Ap(y anddg.
- vough report on the principles of avtomatic computa-

our v

r corrections in ranging the cuns., We shall study now the rece

b5 of Lhs gw:s so Lhat the ranging ancles cowld be ed and the target

decisive nmechal as in the sight

ons alloving for “he angles of rangirg e muns. These
v2lues arpe either calculated by other devices or bransiibied from the iobile units
of
These soeiies to be obtaired in the forn of mechanical lirear 4is- ;
inzes as angles of turn and occasionally as elecirical values.
“hen the machanism that receives one value or another is not far from the one
_that transmits these values, the process does not inwolve any difficulties and can
;be carried out by any of the mentioned methods,
. This task is mich more complicated when it comes to transmittirga value in the
:j%fom of a mechanical displacement at eona;iderable distance such as, for instance, !
i

50 i

| signallins, the angles of range of the pisces computed by the computer to the firing|

9

Ji installation. It is just as complicated to transmit the angles at which the viewer|:

i
L S o . _
of the sight-mechapism turmns to the eonpufaer that is usually Yocated at some

56 e e g e e - P i e
_‘itanco from the viewer., The same applies to the transmission of tfa réngs to the l

\—L . , —




.-
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’;t&rget. A transmission system composed of shafts and gears would be impract;icll; '_}
:aa it is too heavy and permits conaideubio errors to occur in the data that have te,
_be transmitied. For that reason, a so—cailed remote control system of transmission

- is used. In this system, mechanical diapincemcnt‘s for the transmission of dnta a:

converted into electrical values. Eventually, they are reconverted into mechanical

values in the receiver.

The potenticmeter and selsyn remote tontrol system are the most popular system.|

The potentiometric remote control system consists of two parallelly switched iq

potentiometers with slides that are connected by an amplifier (Fig.214).

If an electric current were passed through this system, it would derive at
point A, flowing in circuit 0-1-2-3-0y, and circuit O-1'-2r-3 '-0;. If the angles of |
‘ deflection & and d; of the potentiometer i

' slides were equal, there would be no cur-
rent in conductor AB, since in points 2 an1

2' the potentials will be equal.

j
Let us assume, that the slides of tho%
potentiometer transmitter is deviated fur-‘
fher by angle f . Then, resistance in !
sector 0-1-2-4 will already exceed the x-c—I
sistance in sector 0-1'-2' and heavier cur—!

rent will flow in the receiver circuit tha

in the transmitter circuit. But only part
of the current will pass point 2t rnchingl

peint 37 and 0;. Most of it will flow in

ircuit 2'-B-A-4~3-, since the resistance in sector 4~3 has become weaker than the

sz resistance in sector 2'-3t.

The cnrrcnt producod i.n conductor AB is lmown as tho -ignla I‘:. in :Lntmifi

with the help of an uplu‘ier Aud is trmnittod to one of tho olcct.rcngn

228
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maetric receiver, witil it is deflaected by the sare angle as the slids of. j
19 potent ometide tronsaibte The currsnt in conductor 435 vwil cut off 3s soon
)

~..as the angles at wliich th des turn bagor aqual, the relay will open shu

As the slide of the potent o r wiLier is sliifted in tle

drzctinn sat! ng alf arother ral e ove
recelvsr also in the 1 anrle b oW
eiver turns,

tter turns,

currert 2n a
oduced, its
srain of wiring of rotor and on the position of the roteor,
At every phase of the stator winding of
the transmitter the alternating magnetic
The statorwinding of the selsyn trans—
_mitter is connected with the stator winding of the selsyn receiver. Consequently,

magnetic field is 2lso p

anitized Cop roved for Release 2



PP

on derending on the
of the

nbersity and Mrection of bLhe A4 splac ent the rotor/trans

voter of the raceiver, Thase |i:mal voltaiee are

Ll wotor b vlaces the rotor

rol.or of

ystens the ranging of the pieces is controlled,

Let us retum now o bhe nroblem of £n

anitized Cop roved for Release 2
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‘by the angles of sighting at the target, i.e. the angle-off of the target ¥, and

he angle of site £ . In other words, nt;the initial moment, the piece is :djustod~i

1
in parallel dirict—l‘

ion to the sight

f
axis and then it 13!
|

ranged more precis
ly by making allow: i

ance for total |

Navigator's
transmitter

corrections in

Sighting

Aangular

: ballistic lead, lag, drop and
velocity j :

1 coefficient

l parallax.

Angular For the sake

velocity

oSt

of elevaziong

o
r)
we £
To the " of convenience we
- ’ shall refer to the
* " Pig.217 Simplified diagram of operation of the sight of :
- entire complex of
a remote~control firing installation. i
- devices that calcul-
“ate the corrections for the angles at which the piece is adjusted by one definitiom-
~we shall call it the computer. .
When the computer does not work, the gun-barrel must be maintained in a position
parallel to the sight axis while the target is being tracked. For that purpose, thog
viewer of the sight-mechanism is connected with the rotors of the selsyn transmitters
|
., through a system of reduction gears. One of the rotors registers the angles at vhit%h
4]
| |
»,O."“\ the viewer turns in the horizontal plane, the others —— the vertical angles. ‘nmi
48 |turn of the rotors of the selsyn transmitters mekes special motors for the vertical |
50 and horizontal adjustment turn the piece by the same angle as the angle by which the

co viewer of the sight-mechanism has turned since the sight-mechanism and the piece u-T

54 j,mt_“_zz_f_@_"h!ﬂ system, the work ef which has been reported above.
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and Jdrop

—irecaivers of the turrst,

“lpu'o-’“ re 51 g t r:s for drop, lag amd

i
—i

can see from the
the piece turns are
itransmitted to the computer by the differantial selsyms, so that nore accurate
Upon receiving this data, the com-
puter works out rew and more precise corr{;ctions. Adjusting of the piece will be
more emact thereafter, its new angles wiJ_‘L again be signallzd to the compuber, the
' : ntil the values of these .




R % T

process tokes place contimousiy - hile the torgsl
The pawer operation of controllis T niasce is rather

11 refrain fro Lmell

iJusting the g according bo the basic data f

systen of ‘levi
ratlier 5 : it pos=ib.
er's operation
rget and froming it by
manrert!s tash ;Iaes not differ froa the pilot's t
iies in the fact that
irg is done by e gurrer in turni 1 i I the sight-nachenisn by

ile the pilo s Lo nareuver the

Brief Ountline of the Siymificance
The fact, that ti ' s ! directl;” operate the guns leads to con—
siderable complications in regard to the Aingtallation and the sight-mechanisn.
entails the introdvcid 0 i mechanisms, electric devices, pover

parts and various remote-control fears and SV s The great muber of devices

of which each plays an rtant role in sighting or adjusting the muns requires

special care so as to keep the whole system working.
But despite the complexity eng}:elative high cost of the remcte-control
ing installations, they are, undoubtedly, very promising and have exerted a
great influence on the development of heavy airplane construction,
We cammot imagine a modern airplane that travels at high altitudes without

pressurized cabins, This fact alone req?uﬁ.res that the gumer be removed from

the guns since the firing installations jcannot possibly be set up in pressurized

After the task of operating remoba-control ins

anitized Cop roved for Release 2
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[ . . . e B EE—
Ttne possibility arose of placing each 1?,umber comfortably in 2 pozition from vhe re
As 3 vesult, the acs:prl_acy of sighting is greatly imcre d since|

L
iha_could sea bast.
e affected by shocks,

the gunner nor the sight—mec‘nanisf; ar
“is grestly increased By

“ineither noise of motors
or firing. The defense ability of aircrafts
system that can be: operated by two or even t

ting several,

—
3
hree gunners ab

_linstallations into one

|
104

different locations.
Fire effectiveness is greatly increased by a thorough theoratical and bec ical
Justments in acsordance i th corrsctions and by the pre-

compubing devices WOTrk,

on the practical aspects of aerial guneTY.

COMCLUSION
op rapidly and advance constantly.

Y¥odern science anrd technology devel
affect the

iyplanes operate,

1
4
{
!
H
£
b
i
j
3
i
1
i
§

The high speed and alt: udes at which
methods and techniques of aerizl combat requiring consbant introduciion of more
e theory of aert conbinuous improve—

The sighting-mechanis!

. precise data into th al gunnery, and caliing for
a

i

|

1

i

!

i

|
ments in sightin sSms, insballations. +
discussed this book ars not fully up to-date. e have rzported on then by way 1‘
36 \ of illustrating how to solve problems of aerial gunrery in different casesS. t
Bowever, ib dees not mean that the problenms taken up in this book have become
obsolete and that it would be superfluous 1o study them.
We believe that a study of aerial gummery and of the basic operations of )
4‘4:]‘ sighting presented in a popular form, will greatly simplify the task of following \

46’* serious courses in aerial gunneryes

&1. if this book helped some of :

r feels that he has achieved s goal,

48 The autho
ots of the complex phenomena that are

i
50~ the readers to understand the practical appe

a part of aerial gunnerye




