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IIMUTS OF OPFE ATION CF K-19 BOMBING MODE

(1) Maximum Bombing Range from Fighter Airplanes

The t-aiectory followed by a bomb after release from an

airplane is determined by the direction of the flight path at

the moment of release, but not by the curvature of the path.

The maximum range at which a bomb can be released therefore

does not depend directly on whether the path of the airplane

is one of more than . g (toss bombing) or less than 1 g (dive

bombing). It is shown in Appendix A that the bombing range

depends on the dive angle, the speed of the airplane, and the

lead angle between flight path and line of sight at the point

of release. For low dive angles the range, neglecting

retardation, may be approximated closely by

D a .068 V2 L

where
D is range in yards

V is speed in knots

L is lead angle in radians between

flight path and line of sight to target.

LONFIDENTIAd
111CUIITY INIOIUAYIGHfU ann etisJOTU4&N19

wtj na: detp-,oe :,J t!l Ur:jfad Btsltel witUM Wb
E41~ir¢ ," : 4. " l .a, t'~ l .i'il:ie " ...

'- - ' '- "- ... : .. 'd . .. l.al i l

-3 u 'Ltenta Ir gnari.-rannet Wo
4zPt putar 16 ph~brsd k, ;am.



'f , Hfj fIT,, 'F, "" TI !, .,, . .... r,.S. CONFI DENTIAL
No. I'R-52A0112 SECURITY INORPAIlON

Thus the maximum bombing range for a given airplane depends

almost entirely on the lead angle permittea. If a bcmbing systerr,

requires tracking tho target optically, L may be limited by view

vor the noe t.-,,- ° o 2 Cn the other hand if the svste,

does not require tracking to the point of release so that the

lead angle at release may reach 200 or 250, the range may be

doubled, but with an almost certain reduction in angular accuracy.

Maximum ranges for various speeds based on a 120 lead angle

are tabulated below.

TABLE I

V D
Knots Yards

300 1280
400 2280
500 3570
600 5130
700 7000

(2) Maximum Clearance from Impact Point

The clearance which the airplane can develop between itself

and the bomb at the instant of impact depends on the number of g's

at which it can pull away from the zero-lift path of the bomb, and

on the time of flight between release and impact. The time of

flight is in turn a function of only the lead angle and the speed

at time of release, Thus the clearance is not primarily a function

of the path of the airplane before the release point. Actually
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finite time is required for an airplane flying a path of 1 g or

less to achieve, say, a 4 g path after release , but this time is

small compared to the bomb time of fall, whifch may be 10 to 20

seconds at high speed and maximum range. It is shown in Appendix B

that neglecting this, for low dive angles thie clearance may be

approximated by

C v L) 2

where

C is clearance from impact point ii yards

V is speed in knots

gs is number of g's total acceleration after release

L is lead angle in radians betwe en flight path and

line of sight to target.

Thus the clearance also increases as the lead angle at

release increases. For values of L above L50 the above

expression will begin to have serious error-s,

Maximum clearances based on a lead s.ngle of 120 and a total

loading of 4g after release are tabulated be3low.

TABLE II
V C

Knots Yards
300 1010
400 1800
500 2810
600 4050
700 5500
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(3) Shape of K-19 Bombing Path

The bombing mode established for the first K-19 sights

requires tracking the target for a time of 5 seconds before re-

lease. It is thus able to introduce a lead correction to com-

pensate in part for the effects of wind and motion of the target.

Since the target must be on the line of sight at the time of

release, this also limits the lead angle to that which may be seen

over the nose of the airplane.

The path produced in the bombing mode is tentatively

described as toss bombing, since the net curvature of the airplane

path is upward. At the start of the bomb run the line of sight is

closely constrained to the armament datum lint of the airplane, and

the pilot flies nearly directly toward the target. During the run

the line of sight is given a depression rate, and the pilot must

nose the airplane upward to keep on the target. For the last two

seconds the rate of the line of sight is so adjusted that the air-

plane flies a straight path aimed above the target, reaching the

required lead angle at the point of release. At no time is the

path one of downward curvature, as characterizes dive bombing.

Since the net curvature of path is upward, the bomb run can

be started from any elevation from which the target is visible.

If the initial elevation is low, the bomb run may terminate in a

climb. The climb angle will necessarily be limited to less than

the maximum lead angle that can be seen over the nose.
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(4) Limits of Operation of K-19 in Bombing Mode

It was shown in sections (1) and (2) that a maximum range

for tossing the bomb and a maximum clearance are fixed when the

speed of airplane and the maximum lead arngle are known. These

do not depend on the manner in which the bomb sight operates to

set up the lead angle, except that some paths are barred to a

dive bomb system because they require the airplane to fly out of

the ground. Since the K-19 does not produce a dive bomb path,

any problems within the limits of sections (1) and (2) are

theoretically within its capabilities. The value of 120 for the

maximum lead angle as used in computing the tables is near the

limit for most fighters; however a low g maneuver permits the

pilot the best opportunity to see large lead angles.

In order to simplify the instrumentation of the K-19

bombing mode, certain additional limits have been set for the

sights as presently being built. These are as follows:

(a) The calibration is optimized for low dive angles, in

the order of 00 to 300. For higher angles the accuracy deterio-

rates. The calibration might with equal ease be optimized for a

steeper dive, or a manual input of estimated dive angle could be

provided. Automatic input of dive angle to cover a wide range of

values would increase the complexity considerably.

(b) The bomb program unit is now calibrated to permit

release at ranges down to 1200 feet at 300 knots or 1800 feet at

500 knots, and up to 3500 feet at 300 knots or 5600 feet at

- rnii ptni- 4i AL
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500 knots. Increasing the span of maximum to minimum range while

providing continuously variable inputs is difficult with the cir-

cuitry used. The range of values provided was felt to fit best

the expected use of' the sight wih f'vet-An-nal weapns against

tactical targets. For weapons requiring longer release ranges,

the entire calibration could be moved up toward the maximum range

limits derived in section (1), or a series of discreet calibration

points covering the entire possible range of operation could be

provided. Neither of these would require additional complexity

of equipment.

(5) Prediction for Wind and Target Motion

Optical tracking of the target up to the point of bomb

release necessarily limits the maximum lead angle, and therefore

the range and clearance. It does, however, eliminate the errors

which result from flying blind during the critical part of the

bomb run, and it provides rate information on which to base

corrections for wind and target motion.

It is pointed out in TR-52AO108 that the condition of

infinite sensitivity reached by the K-19 at the release point is

the condition in which the sight sets up a constant bearing, or

collision course. This course is the one required to compensate

for the effects of wind and target motion.

This correction builds up from an initial value of essentially

zero. It may be described conversely as a transient error having
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an initial value equal to the final correction, which decays to

approach zero. It can be shown that if the sensitivity is infinite,

the transient dies out with the fourth power of range. Since the

actual sensitivity is less than infinity up to the end of the

program, the transient dies out at a lower rate than this. The

problem is extremely complex and has not been completely investigated.

It is clear, however, that the transient will decay more completely

for short range problems than for long, unless the length of the

bomb program is also increased at long ranges.

October 23, 1952 F. V. Johnson
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APPENDIX A

From equation (18) of TR-52AO108 we have

DoA  . .214 VA sin /\.oVA

Let Do be replaced by D for simplicity;

sin ." o be replaced by L, which is a satisfactory approximation

for L up to 150; and VA be replaced by .563V, where V is speed

in knots.

Then

D = .06V 2 L

APPENDIX B

Let t be the time from release to impact. Since the bomb will

travel nearly the same distance as the airplane in this time,

using the nomenclature of TR-52A0108

Do = VA t

From equation (17)

VA t2 VA2  sin JLo Cos do

g cos 2  Eo

2 VA sin ... Co
t =

g cos 2  io
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,Since the bomb follows a path of zero lift, and the airplane one

of gs g lift, they will pull apart with this acceleration. The

direction of this acceleration actually changes as the airplane

path change; direction. However for the times of flight, irvolved

in this analysis, it is found that nearly the entire acceleration

can be taken as producing clearance. Thus

C= g gt 2
2

c 2 V 2 gs sin2 j&o cos 2 'Cio

g C0s 4  1o

If we substitute conditions for horizontal flight at release,

sin A = L

VA  .563 V

g 10.7

Aao U OO0

ko : 12,0

we obtain V L2C 3"-F gs
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