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Military Problem

In recent yecrs there has been an increased emphasis on low-altitude penetration and attack
by tactical and strategic aircraft. This emphasis has created a corollary need to examine the
defensive capabilities of forward area air defense systems, most of which are visually
sighted weapons.

All of the direct-{ire forward area weapons (light antiaircraft gun systems and infantry-
type weapons; empioy tracer ammunition as a primary or auxiliary technique for adjusting fires.
Although tracer observation has been used as an air defense fire control technique for years,
highly divergent opinions exist among militmy commanders concerning its effectiveness.

Research Objective

At the request of Joint Task Force Two (JTF-2) of the Joint Chiefs of Staff a review of
relevant military and research literature was made to (a) identify alternative techniques of using
tracers for air defense fire control purposes, (b) determine the human, physical, and environ-
mental factors that influence the effectiveness of tracer observation, and (c) examine training
methods and devices that have previously been used for teaching tracer fire control techniques.

Method

Two approaches were used to obtain the desired information:
(1) Knowledgeable scientists and engineers, and officers and enlisted men with either
World War II or recent firing experience, were informally interviewed.
(2) Military reports and journal articles and human factors research results were reviewed
to identify factors that may affect the ability of gunners to utilize tracer feedback information.

Results and Discussion

The results of the infarmal interviews tended to confirm the existence of divergent opinions
concerning the effectiveness of tracer observation as a technique for adjusting fires in air defense
engagements. Although tracer observation does provide useful information concerning lateral
miss distance for stationary (or very low-speed) targets, the principal use of tracers in air defense
seems to be limited to establishing the initial aim point of the weapon. Subsequent adjustment
of fire seems to occur on a trial-and-error basis.

Discussions with physical scientists and engineers indicated that firing tests have been
oriented primarily at evaluating the visibility and bumning iates of various chemical compositions
of the tracer element. Although simulated tactical firing has been done in test situations, no
test seems to have been done to evaluate the relative hit frequencies of tracer vs. non-trace:
firing weapons. Apparently there also have been no controlled tests to compare the effective-
ness of different tracer firing rates—that is, the number of tracers fired per unit time.

An examination of relevant psychological research showed a number of human factors
problems that may adversely affect human use of tracer feedback information:

(1) Limitations on depth perception result in inaccurate judgments of the location of
the tracer in space.

(2) Visual illusions of tracer stream curvature occur that may cause systematic biases
in localizing aiming errors.

(3) The rate of firing tracers may exceed the ability of observers to process
the information.
















































































































Trace Projector Trainer, Device 3-C-25

Trace can be used by the gunner to determine will not misuse trace in combat is a difficult prob
the line of apparent motion of his target and lem for the instructor
therefore the direction of lead, but cannot be used T'he Trace Projector Trainer is used to simulate
to indicate the correct amount of lead I'he tracer tracer fire in connection with the 3-A-2 Dual
stream may appear to be passing through the tar Projector Trainer I'he device is supplied with
get when the bullets are missing by hundreds of s Mk. 3 Training Turret which is mounted in
feet because of the optical illusion caused by lack front of the 3-A-2 screen, and the student aims
of depth perception at long distances. A though and fires exactly as he does with any other 3-A-2
these facts are well known, demonstrating then turret setup Only the Mk. 3 Training Turret
to the gunnery student so convincingly that he can be used with this device

- TRACE PROJECTOR TRAINER

" WEIGHT (with turret OPERATION

Shig K 7 ! s
Net: 4 §
SIZE (with turret M : M \ :
B ¢ x4 x4 A ¥ 1 1 1
e x 4 x ¢
SOURCE: k m Refere 41
Figure A-2
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