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' OPERATOR'S MANUAL

AVIAN DELIVERY SYSTEM

The system described in this manual offers a method for
delivery and retrieval of small objects to normally inac-
cessible locations on buildings or other structures, The

system utilizes a trained raven as the delivery vehicle,

The pufpose of this manual is to provide guidance to
trained bird handlers in the maintenance of the carriers
and utilization of the system. It is not intended as a sub-
stitute for on-the%job practical training of- a handler

and cannot be expected to serve as a training manual for

utilization of the system by unskilled individuals,
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I. Introduction -Descrlptlonof the (Sy's'tern

The package delivery system has been developed as a means
of placing a small device upon a window sill or other ledge
of a building, and also of recovering the package. The

transport vehicle is a trained raven.

The bird has been taught ‘t.o take the package in his beak
and to fly with it to. the broper .target surfaée, place it on
the target surface and'return to the cage from which he
made his outflight., Similarly, the bird may be released
to recover"the package. The. maximum package weight
that the bird can reasonably be expected to Cai'ry weighs
about 40 grams (10% of birds body weight). Package
dimensions can vary considerably but are limited to a size
which thé bird can readily grasp in its beak. Packages

used in routine training measure 3 x 1 x 3/4 inches.

Training has been principally directed to conditioning the
birds to making outflights from a cage located just inside
a window. Birds have also been launched from a cage in

the back of a station wagon and camper. The target must
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be within line of sight from the launch point. Maximum
ranges of 300 feet under ideal conditions have been

achieved,

To guide the bird, the red beam of a helium-neon laser

is projected to mark the target surface. Typically a pro-
jected spot is aimed at a point an inch or two below the
target su;rface. A motor driven shutter interrupts the
laser beam at a frequency of approximately two cyéles

per second. The bird has been trained to fly to the flashing
red spot which appears upon the target buildiné. The laser

beam need be projected only during the outflight.

The return flight is guided by the pfesence of a small high-
intensity table lamp which is turned on at the instant the |
bird properly places a package or picks up a previously
placed package. The table lamp servesAtwo purposes.
Turning on the lamp signals the bird that he has performed
properly and that he will receive a food reward upon re-
turn to the launch_ cage. The lamp is also a ""beacon'' re-

minding the. bii‘d of the location of the launch cage.
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The small, low power lasers used in the system emit about
one milliwatt of light energy. The reflection of the projec-
ted red spot is not visible in bro.ad daylight, Missions,
therefore, are generally limited to dawn or dusk conditions,
although successful demonstration missions have been con-
ducted at night in lighted city streets. It has not been pos-
sible to record precise data_ concerning the range of accep-
table ambient light conditions because of the wide variations
of reflectance of cérﬁrhon building materials., As a rule

of thumb it can bé stated that, if bo;ch th;e target landing
surface and'the projected spot can be clearlir seen by a &
human ébserver‘ at the~1aunch site, a&lbiént light is satis-

factory for a mission flight,

The on-site poi"fion of an actual operation might be conduc-
‘ted as follows: On a table inside the selected launch win-
dow are placed the launch cage and the table lamp. These
objects are located approximately one to six feet from the
window opening. The cage is equipped with a swinging
latched door at each end. One of ‘the doors faces the win-

- dow. The laser is located at any convenient spot so that
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it may _be' aimed at the target point. ’i‘he bird is transferred
from a-carrying container to the launch cage. The laser

is aimed, by means of ;imple open sights, at the target.
~Window curtairis, if any, are drawn aside and the window

is opened. The laser is switched on permitting the beam

to mark the tar.get'.. The front door of the launch cage is
opened ar-ld,, as the bird éinerges,_ the package is held so
that the bird grasps' it. : (Ph_otésﬂ 1 & 2) The bird flies to

the target.bsurface' an‘d‘,‘ wl.-u'en heilands, the laser is turned
off. At the 'instant"’ché‘ péé.’ék_a..ge 1s seen to be properly placed,
the recall l:;mrﬁp 1s tu—rﬁed on. ‘The bird flies into the cage,
receives hi.s‘ food through an.épening in the side of the cage,
(Photo 3) and thé f‘ront door is cloéed. To recover the
péckage, the procedure is repeated except, of course, that
the bird flies out carrying no load. The laser spot guides
him to the package location. At the instant the bird is

seen to have picked up the package, the recall lamp is
turned. on. As the bird re-enters the cage, he drops the
package to také his food reward. Ifi the launch cageis

placed a considerable distance back from the launch site

-4 -
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window (up to 6 feet) the cage itself may not be in line of
sight with the target. In such a case, the bird may not be
able to see the laser spot until he reaches the sill of the
launch site window. Such out-of-line-of-sight placement
of the launch cage has been demonstrated as feasible. The
recall lamp, however, must be in line of sight from the _
target so that the returning bird will be properly guided.
The launch cage and recall lamp, obviously, cannot always
be positioned in the same location in the launch site room.
A returning bird will home in to the recall lamp, set some
distance inside the window and may be fed near it. Once
the launch site window is closed, the bird has been essen-
tially secured and can be returned to his cage as soon as

is convenient,

A window from which a bird is launched should, where pos-
sible, be curtained except for the actual open portion to
eliminate the risk of a returning bird crashing into a trans-

parent window pane.

-5
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II, The Carrier

A. General Treatment and Handling |
The carrier, crow or raven, has been tamed and associates
food and his general well being with humans, The bird
must never be handled roughly ér punished in any way,
except by the properly controlled Withholdir;g of food during
t'raining and e#erc.ising; Proper housing, food, and exer-
cise must be provided to keep the-birds ’4in top physical and |

mental conditions,

It is frequentiy necessary to pick up or carry a bird as

when transferring him frorln"one cage to another or weighing
him, or perhaps wheﬁ recovering a sated bird at the end

" of an exercise session. A bird can be grasped in the hand

by gripping one leg between the thumb and forefinger allowing
the bird, in turn, to rest the other leg on the wrist. The
foot of the grasped leg should be permitted to hold to the

- second or third finger. (Photo ‘4) Movements toward a

bird to be picked up may be fairly rapid, “but should not be

abrupt or jerky as sudden movements may startle the bird,

-6 -
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As a bird is Vh‘eld,' the grip should be firm but flexible.
'One shoﬁl& '_‘.give” vslfith the bird's movement if he turns
or attempts to fly.» "Birlds" legé are fragile, thus a rigid
grip risks dghgef. pf' a darriagéd l‘eg join£ or broken bone,
'_Sor‘ne birds do jnot‘permit a‘hénlldle:;"to.grasp a leg or do
not readily perc.h‘on tﬁé handle%i;;'s arrn or hand. Such
birds are ."rnlo're ‘.easﬂ}'r gra‘spedi_by two hands gently. en-

circling _1:h}e~bbd$n

‘- : ) Birds perched on the arm can often be held in place by
‘holding the bird's identification band.  The looseness of
the band permits the bird to turn with minimum danger

of leg injury.

B. Housing and Transport
The principal 'pro'blems-in transpoft»ing, storing, and main-

taining the system,cohcern the birds.

Good feather condition is essential to the usefulness of a
bird. Wire mesh cages or pens should not be used as they

tend to cause severe damage to tail feathers. Necessary
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cage openings can best be covered by round vertical bars
spa.ced abou£ one incli} apart. However, ventilation slots
located high on the walls or in thevtops of cages may be
covered with mesb if ’ﬁhey are well above the head level

of the bird as he 'pfe.rches in the cage.

To prevent feather damage, Shipping-.living cages should
be as large as reasbnably i)ossible.‘ Cages measuring 27"
wide, 26" fliont to b;aék and 2131/2" high have proved to be
satisfactory., Cages should be equipped with dropping trays
in Whic_h} litter, e. g., ""Kitty Lit?er”, can be placed. A
wooden dowel about 3/4'" in diameter placed abové the tray
provides a perch for thé birds. For shipping, a cup for
food and another for Watel; should be attached inside each
cage. Cages of this type and size are satisfactory as living
cages in which birds may be housed for long periods of
time. When such a cage is used as a living cage it is best
to attach feed and water cups outside the cage just below

an opening through which the bird can reach. External

cups are easy to clean and allow more free space inside.
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- Plywood is a satisfactory material for cage construction.
H.owe'ver.,: if a cage is to be occupiéd for other than short
periods of time, ply;;vood ‘Wlallsf' g'should be lined with a hard
surface material _likg Formica. Forlmica surfaces are
easy to keep _c..l'e:an and cannot be splintered by a bird's

powerful beak.

For transport over long distances birds are best moved

by air to shorten time_i;n transit. For travel time, not

to exceed about five hours, and where space is limited as
in a small foreign car, cages with interior dimensions of
about the size of aﬁ 18" cube can b..e used. Small cages
should be used as little as possible to avoid feather damage.
Food and water cups can be omitted from small cages pro-
vided birds are give'n water immediately before and after

travel, again not to exceed five hours,

Caution: Birds should not be left in closed cars exposed
to summer sunlight a's temperatures considerably above
100 degrees F. .may develop which could seriously harm

or even kill the birds. During transport periods greater
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than about 24 hours, birds should be fed as nearly as

possible in accordance with normal feeding procedures.

It has been found that all equipment needed for a mission
can be _packed in ordinary suitcases, except for the large
cages, Larg;r shipping=-living cages are particularly
bulky.} For tran;po;t,in-a érﬁall “car, a: folding living cage
has been-devveilopie‘d.« Unfolded and aséembled, it forms a

cage i'satisfactory fo’r"ldng-time housing.

C. Diet and Care
Beéause the birds work for food rewards, each bird's food
intake and body weight must be carefully monitored. Birds
in training are weighed almost daily, principally to avoid
over-deprivation, but also becau»se an unex-pected weight

loss may be a warning of illness.

The basic item of diet is a mixture called ''crow salad'.

The recipe is on the following page.

- 10 -
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.

Ingredienfs;- Approx “’/;)"'b'y' Welght Recommended Mixture
fatty b;eéf‘ - - : | - 82 . | 900 grams
_b‘eef_,"or‘por.kﬁ 1ive.4r‘ 2 o N 25 grams |
canned corng o 2 25 grams

fresh or canned

tomatoes 2 25 grams
lettuce ' 2 25grams
fresh carrots 2 25 grams
raw.egg wifh_shell 2 . 1 egg
cottage chéese, 2 25 grams
whole wheat bread 2 25 grams
bone meal | o2 25 grams
VitaArmycin:ﬂ< A ' ‘2 teaspoons

*Vitamycin is a vitamin and mineral preparation produced

by the Dow Chemical Company, Indinapolis.

"With a conventional hand operated kitchen food grinder
grind: liver, corn, carrots, egg shell, bread, lettuce,
tomato. Add these to the beef, egg, bone meal, and

Vitamycin..‘ Mix thoroughly, The mixture must, of course,

=11 -
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be refrigerated. This amount will feed two ravens for

about a week.

The exact proportions are not critical. In scaling down
our standard training farm quantities, for example, we

did not suggest a fraction of an egg!

On the average, each bird needs about 50 grams of crow

salad per day.

Crow salad has béen prepared in ffe_eze-dry form. The
dry material is mixed with wat-er in approximately one-to-
one proportion by weight. | After thorough mixing the pro-
ducf is of a Wate"ry co'ns‘ist'ency, but it thickens after being
allowed to étand for several hours. Experimerﬁ:s with
se\}eral birds indicate that the freeze-dry mixture can be
fed at the same rate as fresh crow salad to maintain con-
stant body Weight'. The freeze-dry product is not as effec-
tively utilized as the fresh product. Do not use freeze-dry
food except under conditions where it is not practical to

supply the food in fresh form.

- 12 -
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Drinking water should be available to a bird at all times
in his living or shipping cage, with the exception that, for
convenience in short time travel, water may be omitted

from the shipping cage.

Although the feeding of a fully trained bird may differ some-
what from that of a bird inAtraining, a knowledge of the
trainer's feeding procedures should be useful to those

charged with the care of a mission trained bird.

Experience with each bird reveals the maximum weight

at which the bird will work reliably., Greater weight re-
sults in reduced hunger drive and reluctance to work for
food rewards. Significantly lower Weigh’cé present unnec-
essary risk of weakness and poor resistance to disease.

A tolerance of plus or minus 20 grams is ordinarily accep-

table,

During the training period, which in some cases has extended
for years, the optimum working weight may change, partic-

ularly with changing seasons. Warm weather commonly

- 13 -
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requires a reduction in weight, cold wedther permits it

to be increased,

"To insure ‘adherence to the maximum permissible weight
policy, feeding programs are pu.rposely directed élightly
toward ovéry—feeding. If performance of a healthy bird

becomes sluggish or unrel.iable, a bird's food intake is }

limited until a good working weight is again reached.

A bird typically receives about 50 grams c;f crow salad
per day. On working days much Qf this food is received
as reward for performance. The remainder is fed at the
- end of the day., Birds are weighed daily except on week-
ena's and rec»ord.s of weight and performance are kept.
Adjustments for off-optimum weight are usually made by
fairly small changes in the daily food allqtrnent. Abrupt
drastic weight losses are avoided as muéh as possible,
Weight reduction, when required, is limited to a rate of
about 10 grams per day. For example, an overweight slug-
gish bird may be dropped to a 40-grarﬁ daily intake, then,

if necessary, to 30 or even 20 grams until the bird is again

- 14 -
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performing well. The diet of an underweight bird is in-

creased in similar increments.

For convenience in rationing crow salad, a bird's allot-
ment is weighed out at the beginning of the day and placed

in an individual container assigned to that bird.

On non-working days, usually Saturdays and Sundays, a
bird is daily hand fed all that he will eat in one session,
The remainder of his allotment, if any, is placed in the

feed cup for consumption when the bird is hungry again.

Commonly, weekend feeding of a bird results in some
weight gain as the b'ird‘is idle and thus burning less fuel.
As a resiJ;l'; performance on Monday, particularly in the
morning, is often poor. Birds are uéually not pressed for
top perférrriance on Monday. By.Tuesday, and during the
remainder of the week's working days, weight and the re-

lated hunger drive is adjusted to a satisfactory level.

Not unusually a bird will actually gain weight during the

working days of the week. If such a gain is significant,

- 15 -
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20 grams or more, the weekend ration may be reduced.

Because weight is an indication of a bird's health, birds
should be Weighed frequently on-accurate scales and weight
records kept. Inexi)ensive scales of the type known as -
"diétetic'' scales are easily obtained and are easy to pack
for shipping. Unfortunately they are often inaccurate and,
worse, their readings tend to drift. If such scales are
uéed, a set of standard weights should be proVided and

frequent calibration checks made.

In normal training, maintenance of high drive levels is
avoided. Nevertheless, such drive levels do temporarily
increase the probability of good performance and should

be employed when ''the chips are down'',

To attaiﬂ a ternpofary high drive level withqut serious
risk to health, the following procedure should be followed:
 This procedure has proved satisfactory prior to important
demonstrations involving mock missions. If a bird is at
or near optimum weight he is fed a normal days' ration

48 hours in advance of the anticipated demonstration time.

- 16 -
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A

No more food is giveﬁ ex‘ceprt foﬁr the little that may be
earned in a very few test flights, Ther’e is some evidence
that it is bes.tnot to exercise the‘bird at all during approx-
imately- the last 16bhours preceding the demonstration.

At .the end of. the 48 hour périod it can be expected that

the bird Will be eager to work and will be, because of rather
exfreme hunger, motivated to risk flight in an unfamiliar
location thét.might otherwise pres_ent stimuli disturbing

to him at only modéréte drive levels.

Obviously, one cannot always anticipate need for a bird's
services at precisely 48 hours in advance. Fortunately
’;hei‘e is considerable tolerance. A bird in good health can
withstand 24 to 30 hours of deprivation sfarting at almost
any time eveh though the start of such deprivation may
coincide with a siightly underweight condition, If a post-
ponement delays a s;:heduled flight, for a day, somewhat
scanty feeding (typically about 30 grarns),‘ but with actual
amounts determined by bird weight will keep the bird "at

the ready' 24 hours before the newly scheduled flight,

- 17 -
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In premission periods, slight weight losses are acceptable.
Gains are not. Some ddditional day's delay may be possible
by similar 24 hours advance feedir‘lg, but a long-term delay,
four consecutive days, for 'e‘xe}mpl.e-, 'mig'ht result in weight

loss that cannot safely be allowed to continue.

In recent training, it has been found that birds can safely
fly while tethered to a lightweight line. Tethering has
greatly reduced fly-away losses that previously occﬁrred
with somelbirds in their early outdoor training sessions.
Other losses occurred even with advanced birds under low

hunger drive levels.

The line is 10 pound test monofilament fish.ing line paid

out from a conventional closed-face spinning reel (Zebco
model 800 for example). (Photo 5) A small fish-bait snap
swivel is pérmanently attached to a leg band, (Photo 6)

A similar snap swivel is tied to the free end of the line,
thus the line can easily and quickly be avttached to the bird's

leg before the bird is released for flight. A bird straying

- 18 -
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from his proper flight path can be gently brought to earth

by careful braking of the line as it pays out.

It is inherent ;n the design of a spinniﬁg reei that the ‘line
is subjected lto twisting. To reduce the re‘suiti‘ng cutrling
or kinking of the line, it is frequently unféeled by hand
and pulled out to i1;s full iAength.'- The stretch_ed out line

is held taut by its ,oﬁtei’ swive; which %1lows thé line to.un-
twist. The straighténed line h‘eld tau’c' is reeled in‘ again,

ready for use. |

Birds in advanced ou'tdoor training must, of course, make
many untethered flighf;s. Because bjlrds.in 'fraining cannot
be constantly at the high degree of hunger that would be
imposed for an actual miséion, there is a higher risk of
loss. If there is reason to believe that a bird may not be
fully motivated to stay on course, tehtered flights are made
at the start of a training session so that the bird's behévior
can be judged. Only if the bird appears to be working well

are untethered flights then permitted.

-19 -
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Periédically stimulating a bird to preen helps him to main-
tain good feather condition. Once or twice a week the bird
should be wet down with water from a spray bottle to in-

duce preening.

D. Exercise and Maintenance of Trained Behavior

To keep fully trained birds "in storage'' involves, ideally,

a program similar to the training schedule already described.

It is desirable that a bird be given as much exercise as
possible. Not only does exercise help maintain flight
strength, it also assures a fair approximation of lthe ideal
food consumption. Most of the bird's food is that which
he is willing to work for, ‘thus regulation of tﬂe diet is de-

termined automatically to a considerable extent.

It is understood that, in ''storage'' locations in foreign

- . . 0 3 ~ 13
countries, security requirements may make it impossible
to find ideal exercise areas. Outdoor exercise at mission
ranges is preferable to either indoor or short range exer-.

cise, but exercise can be given indoors-at short range if

- 20 -
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there are no alternatives, Outdoor untethered flights should
be few in number and made only with a bird that seems

eager to work.

Package placement and retrieval in exercise not only keeps

a bird in flying trim but also maintains load carrying ability.

For indoor exercise th.e target platférm can be a table at
one end of a hallway and a launch cage aﬁd recall lamp at
the other.v E§en ?n a.nélodbe-rate sized room some valuable
exercise can be given, Exercise areas and target locations
should be varied as much as possiblé. - Exercise sessions
are conducted _lik.e miniature missions except that more
strict requirements are enforced in terms of package place-
ment. For example, in a real mission run, a placement

at the end of a sill opposite the end marked by a laser spot
might be acceptabie. In an exercise run it should not bé

rewarded.

If a bird should go astray in a mission flight it might be

necessary to recall him to the launch cage, During exercise

- 21 -
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flights the recall lamp should not be used following any
improper response unless it is absolutely necessary as it-
might be in outdoor exercises. If the bird does not return
without recall, it is best to return the bird by hand, The
recall signal has, in training, been associated with food
reward given upon return, thﬁs the recall signal alone has
some rewarding effect. To uée the recall signal following
an improper response tends to strengthen that improper
response, A sated bird will not perform well at any range,
Exercise of a bird showing signs of satiation should be

halted.

An audible recall signal, the click of a toy "cricket', was
also used in training the birds. This signal should be used
only when necessary to recall a bird that is not responding

well to the recall lémp.

Crow salad is used for food rewards. A'p.inch of food, about
1/4 to 1/2 gram, is presented to a bird when it returns to
its launch cage following correct performance and recall.

The timing of a reward is critical. Reward beg'ins with re-

- 22 -
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call. The recall lamp should be 1ighted‘instant1y when a
bird places a package properly, or, oﬁ retrieval, when a

bird has picked up the package.

Food given as reward is," of course, a part of the bird's

diet,

In spite of the advantages of frequent exercising it ié not

an absolute esse.ntial.,- If a day or two of regularly scheduled
exercise is omitted the bird may simply be féd, preferably
atv the time of day an operation is likely to fake place. The
bird should be fed the amount that he would normally eat if
he were being exercised, or slightly less. If the experienced
handler must be absent on an exercise day it is best to omit
the exercise program and to leave only febeding to less ex~

perienced caretakers. Exercise sessions are in effect min-

iature missions, so improper rewarding can adversely

affect the behavior required for real missions.

-.23 -
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E. Illness and Treatment in the Field
In most i'nstances, the raven is a lhardy bird. All but the
most extreme témperatures ilave little effect., High tém-
peratures may cause a little sluggishne;;ss and slightly
lessened endurance Wi'lile low ter-nperatures seem to heigh-
ten activity and sharpen the bird's appetite. However, it
is wise to provide fhé_bil_jd s.helter from difett exposure

to sun, wind, and weather extremes.

It is recommended that the diet of crow salad be adhered |
to when practical, especially when placing the bird on a
drive pfior to a rnission._y The majority of the health pfob-
lems of ravens in training for a mission stem from 'inade'—
quate nutrition, While it is important that the bird be ;
hungry enough to work well, it is imperativé that the health
of the bird be maintained by adequate food. Adhere closely

to the feeding instructions included in this manual.

An unexpected weight loss of, for example, 20 to 30 grams,
such as one not due to an imposed deprivation, or-a failure

to gain weight quickly féllowing a necessary deprivation,

-24 -
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may be an indication of a stress condition. Cessation of
exercise plus full feeding (all the bird can eat twice a day)
is called for until weight is regained. Freedom to fly about
in a closed room may also help. (Stress has been an oc-
casional cause of death among crows, in training, Post-
‘mortem examinations have commonly revealed enlarged
adrenals, accompénied by no other indications of illness.
The incidence of stress conditioné has been lower with
ravens, and when it occurred recbvery has usually been

rapid.)

Like humans, the ravén faces many types Qf-environmental
hazards and diseases. Fortunately, these hazards and
diseases are seldom encountered; not so fortunately there
will be little you can do in the field to effect a cure or even

diagnose the disease.

In the case of the more serious illnesses, the first indi-
cations will be-a loss of appetite followed by a paling or
blanching of the normally bright pink inside lining of the

bird's mouth and a loss of gloss or sheen of plumage.

-25 -
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Sometimes sneezing or coughi.ng will occur. The bird feces
may become very runny and almost clear rather than the
normal white aﬁd olive or brown excreta of a pa.sty consis-
tency. Occasionally', however, the course of the infection
runs fast and the only thing you may notice is the bird will
not eat or is reluctant to eat. Do not wait more than a day
to begin treatment if the bird goes off its feed or e#hibits
any of theb*above described symptoms. Place the bird on a
full feed ration., Emphasize the foods you know the bird
prefers. Live food, such as minnows or worms, may help
stimulate the appetite. Administer Sulmet* in drinking
Water (two tablespoons, or one fluid ounce, #o one gallon

of water) for a period of five days., Discontinue treatment
for three days, then adrninistef again for three more days.
To assure that the bird drinks the medicated watg#‘ make it
available to him for 0;‘1]:Y about six hours per day, preferably

in the morning. Letting the-bird go without water for the

At

*Sulmet is a commercial sulfa preparation made by the

American Cyanamid C'c;mpa'n‘y.
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remainder of the time will build up a strong thirst drive.
Sulmet medication is about the only treatment practical in

the ﬁe‘ld.v

Occasionally skin growths similar in appearance to warts
may appear on the legs_ and around the bill, Unless the
growths become extensive in number or very large, they
do no real harm. If a mission is imminent, ignore them.
’If you will have the bird in your possession for some L‘ime
and no mission is planne;d, you may burn off the‘growth by‘
carefully applying silver nitrate sol‘ution with a sWab. As

needed, peel off the dead tissue and reapply silver nitrate.

All. in all, it is best to preveﬁt illness rather than treat it.
Be sure the feeding schedules are: adhered to. Be sure to
use crow salad; or, if this is not available, supplement
the diet with ‘vitamins.. Do not unneéessarily expose the

birds to weather éxtremes but do supply adequate ventilation,

Of perhaps greater danger to the raven under field conditions
is traumatic injury or the ‘irllgés’tiori‘ of dangerous substances.

If the bird receives a broken 'Wing or -bréken'neck there is

"-27-
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little one can do to correct the injury. A broken leg may
or may not incapacitate the bird depending on the site and
extent of the break. A clean break between the leg joint
and the foot may be splinted with any lightweight material--
match sticks, a length of straightened paper clip wire, etc.,
secured over the break with tape. . A break at the joint is
very difficult to set and the injury would probably keep the
bird from performing. Immediately after the break is set,
the bird might perform all right, but it is‘not recommended
that this be tried unless absolutely required.. Regardless
of the nature or 1o¢ation of the break, .the bird should be
given as much time as practical to rest and recover from
the injury. When an operation is imminent ti’y a dry run
with the bird under secure conditions. It is conceivable
that a bird with a severely Erbkén.leg q‘r other extensive

injury might still be able to perform sati‘sfactorily.

Birds in general, and rav‘ens, in particular, will ingest
just about anything they can get into their mouths. Avoid
keeping loose objects or harmful substance near the birds.
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If the raven does swallow something harmful, first aid
treatment is difficult if not impractical, Often the bird will
regurgitate the material spontaneously‘r. Here again, pre-

vention is more effeétive than treatment,

Feather damage (broken or ruffled feathérs) is best avoided
but occasionally occurs in spite of the operator's best efforts.
Broken or frayed body or tail feathebr‘s should be leff alone,
They will regenerate‘soon enolegiq and the bird can perform
satisfactorily with some .dagrn;age‘d 5ody and tail feathers.

The wing feathérs ar'e'a‘different'métter.'- Loss or damage

of wing feathers degrades severely the bird's flight capability.
If wing £'eathérv’da’-mage is 1'.10ted just prior to a mission,

fly the bird t.o determiné if the bi‘lfd is stilll capable of flight.
Be sure to test the bird weighted with the load it will be
carrying during the mission, If the bird seems to fly suf-
fiéiently well do not disturb any feathers. If the bird seems
to hav¢ difficulty flying, set the bird aside, maintaining
working weight and exercise sessions i‘f possible.- Serious
feather damage requires that a bird be dropped from mission

ready status.
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III. Hardware

A, Cageé
Two types of folding cages are used iﬁ tr-a.n‘sport, housing,
and operational use of the bird. These ar'e (1) the large
plywood shipping-living cage 'a.nd (2) thelopéra'tional aluminum-
launching cage, which doubles for-a short distance shipping

cage,

The dimensions of the shipping-living cage, "as sgmbled,

are 27" wide, 26" front to back, and 21-1/2." high. Folded,
the cage requires packing space oniy 9 1/l2” high with ofher '
diménsions unchanged. It weighs 37 lbs. A pull-out dropping
tray may be filied with sand, shavings, or other absorbent
material for cleanliness-and 6dor'qontrol; A pairl of cups

for feed and‘water clgmps to the vertical bars o_f"the door.
These cups may'be fastened outside when the Cage is no ¥
longer in transit. Openings in the door grill permit a bird

to reach through to the outside cups. The external placement
of the cups allows them to be filled and cléaned easily,

and eliminates from the interior of the cage a possible haz-
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ard to the bird's feathers. (Photos 7 & 8)

An aluminum launching cage has been constructed. The
walls of this cage fold flat ggainst the top permitting‘to_p
and sides to‘be placed inside the tray \;/hich forme its
bottom., Assemblea, the cage-meaéuresA 211/2" Wide,. 23"
front to back, and 17" high. Fo_lcéléd, .it measures 20 1/2n
by 22 1/2'" by 2 1/2"". The compromise dimensions of the
-cage offer the possibility pf use for thfee purposes: as a
shipping cage, a living cage, and as a lauﬁch cage.' Doors
at each end and a wooden insert to raise the floor level to
the bottom of the front door provide the ?equirements for
‘a launch cage. Packed with its floor insert, the folded cage
measures 4 3/4" high., With the floor it weighs 28 lbs.

(Photos 9 & 10)

B. Black Box Bird Carrier
The black box bird carrier, 18" x 7 1/2'" x 13 1/2'" is ven-
tilated by baffled, light-tight openings (Photo 11). Because

of fbomplefe darkness in the box, a bird carried in it makes
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little or no noise., This box should only be used when ab-
solutely necessary, such as when carrying a bird into a
building. Birds should not be left in the box for longer

than 15 minutes,

C. Weight Scales
Accurate scales-are desirable for weighing the birds. Un-
fortunately, good laboratory .scales are bulky and delicate,
Aiéubstitute is the small, simple type of spriﬁg scales
known as ''dietetic''. The readings of such scales often
tends to drift, so it is advisable to use a set of calibrating

weights to permit checking and adjustments of the scales.

D. Laser and Accessories
A flashing red spot produced by a helium-neon laser is
used to guide the bird to the delivery or pick-up point.
The laser, Spectra Physics Model 132, is mounted on a
pivoting stand and equii:)ped with a motor driven chopper
and simple open sights for aiming. (Photo 12) A spec

sheet is included in the appendix,
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As an aid to aiming the guidance laser, a telescopic sight
has been mounted on a Spectra-Physic model 132 laser.
Properly adjugted, the scope ﬁrovides a line of sight para-
llel with the laser beam and 2 1/4'" above the beam. The
laser may be aimed with the scope Acrosshai‘rs appéaring

2 i/4" above the péiht at which the laser spot is to appear.
(Photo 13 shows the scopeéeqﬁipi)ed 1'asAer mounted on a cam-

era tripod.)

A laser requires the nominal 115 Volt 60 Cycle alternating
current (ordinary U, S; house current). Where only 240
Volt house current is available, a step down transformer

may be used.

For use where neither 120 nor 240 Volt AC power is avail-
able at the launch site it is possible to use én inverter to
convert 12 Volt battery power to 120 Volts, 60 Hz power.

A Honda motorcycle battery, model 12N9-3A, and a Terado
inverter, model 50-170, is suitable for this purpose. (Photo
14) (Specs in appendix) It is reasonable to expect that a

12 Volt motorcycle battery of 10 ampere hour rating will
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operate the laser via the inverter for at least one hour con-

tinuously.

E. Recall Lamp
This is a conventional ""high-intensity'' miniature lamp.
Ordinarily such lémps employ a 12 Volt bulb and are equipped
with a built-in transformer for 120 Volt AC operation, Be-
cause timing of the recall is critical, the lamp is equipped
with an easy working external foot operated switch. If 115
Volt 60 Cycle alternating current is not available the recall
lamp can be used with a step down transformer or with the

inverter mentioned in section D, above.

It has been found that the high intensity lamp, used as a
reéall signalling device, is overly bright if directed out-
ward toward the returning bird under dark twilight conditions.
The light may be directed downward to avoid blinding the

~ bird. If the launch cage is visible to thewreturning bird,

the lamp may be placed on top of the cage aimed so that it
illuminates the interior of the ;:age throggh an opening

in the cage top. (Photo 15)
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IV. Hypothetical EXéiﬁpzlé:c;f >System in Use

It'may be helpful in understanding the procedures of care
and working of the birds to consider them in terms of an
imaginary mission program. Following is a description of
a hypothetical mission. The principal emphasis of the

description is on care and handling of the birds.

An overseas mission is planned recjuiring the placement of
a device at approximately.’,‘a certain date. Followihg ipitial
placement, the'device is to be retrie\’r.hed and repia_ced at
intervals ranging from two to four weeks. Actual mission _
flights are pvlanned for either dawn or dusk as opportunity

arises,

A team of two birds is to be flown overseas. Information
concerning working weight and any idiosyncracies is known
by the handler. Air travel time, includiﬁg stop-ovgrs, will
total 36 hours. . Arrangeme_nfs have been made to store the
birds and equipment at a secure ''base station' in the gen-
eral area of the mission site., Air travel is to be by air-

craft over which mission personnel has control, that is,
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not by commercial air line.

Birds are to travel in sh1pp1'ng-l1v1ng éa’ge's approximately
the dimensions of a two 'fodt.icuvlse. Theée cages can, when
necessary, be taken apart. and the prarts‘vfolded. The equip-
ment and supplies chéck ii’st is c‘ar'evfully‘gonlebv‘er (§ection

VI) and all items are paéked for shipping. -

Ten days before the"firvst blénned m;issionlthe birds, s‘upplies,
. and equipment are 1oaded:abo"a:rd a plaﬁe for the first leg

of the journey. During travel the birds are hand fed cr:ow
salad ‘t‘hree times a day because eating tends to reduce
possible tféumatic effects of travel experience. Feeding
times are separated in time as ';nuch és reas.onably possible,
four or five ho'grs apart, for exérﬁple.' At each feeding, a
bird is given’e‘l‘li the food he .will quickly consume, If the

bird do'es not consume his alloted daifIy.'rai:ioh at the end

c;f. the third hand feédiﬁg sessibn; the remainder of the food

is placed in the feed cup.

The trip to an overseas air field requires three dayé, in-

cluding one stop-over enroute, during which the normal
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feeding schedule is mai‘ntained.‘ From the air field the birds
are to be taken by a small car. to'ya é‘ecure‘base si:atibn at

a distance requiring éb;?ut th’re'evhénllrs'o‘f driving. The
shipping cages are too largve' to fit into fhe 'ca>r, so the Birds
are transferred to the smaller cages. "I‘Ahe'sAhipp.ing cages
are folded s>ov that they may be. féarried in the trunk of the
car. Other equipment, pécked 1n suitcases, is also carried

in the car.

Upon arrival at the base station the birds are transferred

again to the larger cages.'

The fourth day is tiqe first at the .base s-tatién. ‘Thé birds
are weighed and found not to have lost weight ilnltrans‘it.

- Two attempts, .si)aced, abouf; eigh;c hoursAapart, are made to
work the birds at short range indoors. They perform poorly
at the firét session, beitter at the s.ec.on‘d as appetite returns,
At the end of the day the b'irjds-‘are i-léndied,’ eéch frovm

his al-lotment of 50 grams of crowlsaléd,' part of which has
been earned in the exercise session's. Oné bird stvop.s eating

before he has consumed all of the allotment and is fed no
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more for the day.

On the fifth day both birds are more active and are each
given several exercise sessions in the éours'e!of thg day.
These sessions ;are held indoérs, sorrie at the maximum
possible ranges down é. hallv}ay. A laser i's used in gui- .
dance. Each bird works sufﬁciently to have received about
50 grams of crow salad as .'rewards and neither is given

additional food at the end of the day.

On the sixth day each bird again works well indoors and, in
the course of the exercise sessions conducted periodically

throughout the day, earns the allotment of 50 grams.

On the seventh day it is found possible to arrange for out-
door ''simulated mission' flights at dawn and .a;t dusk. The
birds are;tried in the morning seséion first tethered at-short
range because their handler does not wish to risk dénger of
even temporary straying" of a bird., The birds do not seem
eager to work, probably bec'ause of fairly low driv'e,‘ and so

range is not extended and the outdoor practice session is
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ended. The birds are given only a few indoor exercise
sessions in the ‘course of the day, so as to allow drive to
increase. At a dusk session outdoor-s the birds are méré
eager to fly. Following a few short range tethered flights,
range is extended to mission distance and a few successful
untethered flights'"are‘-made. Only four longer range flights
(two correct placements and two retrievals) are permitted
because, again, of fear of straying by a partially sated bird.
Evening weighing of the birds indicates a weight loés of
about 15 grams for eaph bird. The loss is not considered
alarming, and the birds are fed only the remaiz.lde‘:rk. ofvtheir ,

allotment.

An actual mission flight has now been scheduled for a sité‘
a few hours drive from the base station. Placement of a
package on-a target ledge is planned for 6:00 pm of the tenth
day. Launch is to l;e from the window of an apartment lo-
cated about 100 feet from a target ledge. . Only one bird is
to be taken to the apartment a few hours before the attempt

is made,
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-On the eighth d;aly the handler decides to make a choiée be-
tween the two birds at an evening outdoor test session.

The birds are kept idle through the day, not exercised be-
cause he wishes to build up drive for the evening test. At
dusk, both birds are tested at mission range., Both per-
form properly, but one shows less hesitation in placing a
pé.ckage on a target ledge, setting it down without showing
any tendency to pick up again and responding quickly to the
recall lamp signal, This bird is first choice for the mission,

but both will be made ‘ready.

It is now approximately 48 hours from the scheduled mission
flight time, Past feeding has maintained the birds at near
optimum weight. Each is now found to be oﬁly about 10 grams
under the recommended optimum holding and traihing weight.
Each is then fed the remainder of his day's 50 gram ration.
All litter and any other substance-s. that a hungry bird might
ingest are removed ffom the cages. Only drinking watér

remains,
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Twenty four hours later (T minus 24) each bird is given a
short indoor working session, but allowed to earn no more

than 10 grams of food.

At opportuﬂe times, ne‘ces‘sarf e‘quipmeﬁt, €.g., lasef, re-
call lamp, etc., is méVed in 'suitcases to thé 1aﬁnch apart-
ment., Late e'ven'ing,: aftéi' da1}k, ié dee:med.the\most. secure
time to move the .choseﬁ -t;ivrd to fhe apartrn"e‘nt_. The bird

is transferred to one of the lau,njch caiges. His living cage
is folded and, because‘itl is too lafgé fo"fit a.éuitcase, is
wrapped as a package, Bifd,' cage package, énd a ""black

~ box™ c.age'a‘re taken in a small car for the trip to the. iaunch
éite. | Shortly before arrival the bird ié 'tr'ansferred to the
'""black box''., Thié box, 18" x 71/2" x 13 1/2v is'ventila..’ced
by baiffled, light-tigﬁt openings, Be-cauée of éomplete.dark-
ness in the box, a . bird carried in it .mai(es a little or no

noise. The launch cage is folded and placed in a suitcase.

Bird, suitcase, and wrapped living cage are carried into
the apartment. The cages are unwrapped, assembled, and

the bird is transferred to the living cage.
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As time T approaches, equipment is set up. It is found
convenient to place the las‘er at one window and the launch
cage and recall 1amp- at another. As dusk begins to fall the
bird is moved from the living cage to' the' launch cage. ﬁn—
fortunately, a heavy rainfall commences and lasts through
the dusk period. A 1ivght rain or ‘mist might have reduced
the risk of detection aﬂnd. yet p,ef.néﬁtted the flight to have |

been attempted, but it now must be posfpohed. |

It is decided to '"hold" until dawn at which time another
attempt at delivery méy be possible, This will mean a
delay of 12 hours. The handler estimates that at the

"holding'' rate of feeding of 30 grams per 24 hours’,' he

‘should feed the bird 15 grams of érow salad, Lacking a

scale he guesée's the -amount accurately enough. He has
left word at the base station to feed the reserve bird at

the same rate.

At the first signs of morning light, equipment is again
placed and checked and the bird is again transferred to

the launch cage. As soon as the target becomes clearly
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visible the windows are opened and the laser is sighted at

the ledge and turned on very briefly to check the aim.

Rather than risk a package o.n‘ the first flight,. the handler
signals for the laser to be turned on and releases the bird
but does not present him with the package. The bird flies

to the target, the laser is switched off, the recall lamp is
turned on and immediately extinguished as the bird enters
the cage. Thé bird is rewarded at the same time. (Had the
bird seemed ""spooky'' of the target ledge, one or two more
no-load runs might have been made if it seemed safe to allow

them. )

For the final flight, th¢ package is held at thé cage opening
as the door is opened. The bird grasps it, flies to the |
target ledge, and is recalled as soon as the package is put
down, Reward follows the return, and if package placern'eht
is considered acceptable the mission is ”v&é‘rvapped up''. (If
the positioning of the package is critical and it is not accep-
tably placéd, it may be necessary to send the. bird Aout ‘go

recover it and then to try again. If the bird cannot be
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faulted for an improper placemen‘c‘, vfof‘example, if he
accidentally moves it with his foot on take-off to réturn to
the cage, there is no quest‘ion but that he should be rewarded.
If placement is fauity 1-because of lfailure to make the place-
ment in accordance with previous training, it may still be
necessary to use the recall sign-al,' which is rewarding in
itself, even though this is poor training procedure. In an
actual mission avoiding temporary loss of the bird is -more

important than slight possible deterioration of behavior,)

The birci has successfully accomplished a placement and it
is expected that the package will remain ir; its place fox;
some time., Both birds have lost weight because of food
deprivation in preparation for the flight.l The mission bird
is hand fed immediately as much as he will accept. A mes-
sage to the base station informs the station that the back-up

bird is to be similarly fed,

The mission bird is returned to the base station as soon
as it is practical to do so. A two day rest and 'feed-up"

restores both birds to normal weight.’
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At the base station, the regular feeding and exercise program
is restored.  Although it is hoped that i'ecover? and replace-
ment of the package can be programmed as a regullar‘oper-
ation for evéry three weeks, it is realiéed that emergenéie's
may arise requiring, on short notice, a retrieval‘ of a pack-
age. It is not possible to keep a bird constantly ready to

go, but the handler arranges a schedule which feeds each
bird lightly on a differgnt ,altérﬁate day." For example,

one birdl i'S‘alloW‘ed’ofﬂy 35 gra'rns,A the other given 65 grams
on a particular day. T>hK.e next day the feéd allotment is
reversed. Thus there is ali}vays one bird kept at a fairly

high drive.

If an emergency should arise, both birds are immediately
deprived of food. As one bird is already on a mild depri-
vation schedule, he should be ready to go to work in 24 to

30 hours following. the last feeding.

In an emergency, the readiness of a bird must be judged
at the time by the handler. He has deprived both birds

but even though one may theoretically be more hungry than

- 45 -

Approved for Release: 2019/07/30 C06527437



. Approved for Release: 2019/07/30 C06527437

. the other, he vrnust make his choice of the birds ‘in terms
of apparent eagerness to work and upon hivs kpowledgé of
their past records, In aﬁn’c« emergency si’cuatién in which
bird eagerness -cannot readily be judged, it is more likely
that a "doubtful" bird will make a retrieval father than a

placement. Placement is the more difficult behavior,
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V. Check List of Informatmn 'Néeded from Field for

®perational Planmng

A, Photograph and description of target
1. Height of target from ground
2. Distance of target from launch point
3. Horizontal angle of target from launch point
4, Knowledge of depth of térget 1édge
5. Scale of photographv
6. Any peculiarities of target
" B. Description of launch point
1. | Height of launch point from ground
2. Available power
3. Indoor or outdoor release
4. Size and configuration of launch opening, i.e.,
window, back of truck, etc,
5. Any peculiarities of the launch point such és
drapes over windows, grill work, etc.
C. Operational site environment
1. Climate

2. Urban or rural
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3. Obstacles betweenv-l‘.aunc’:h point .ano'_l target,
e e., trees, window gl.t.'ills, window shutters,
phoné-ahd electric Wir_es

4. Time of day for operation

5. Any local Wind peculiarities in area covered
by bird

6. Dawn or dusk

7. ‘Noise level and péculiar noises

8. Any possible disturbing influences - human
activity - dogs, cats, other birds, etc.

Type and length of travel reqﬁired

Legal restrictions or obstacles in international

~ transport of birds

Overseas storage and maintenance
Facilities available

1. Indoor exercise

- 2. Outdoor exercise

3. Localiavajlability of food items, litter, etc.,

for birds
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V1. Eﬁuiﬁmenf and Supbliés Check List

1.

20

10.

11.

12.
13.
14,
15,
16.
17.

18.

Trained birds - 2 egéh
Folding living-shipping cages - 2 each

Folding launch cages '{,2 each

. .Laser with open or telescopic sights - 2 each

Laser rﬁount with chopper and base - 1 each
Power Supply containihgh Terado inverter, storage
baftery, and battéry charger, -1 each

Step-down transformer (2>3O v, to 115 v,) - 1 each

R-ecallblamp with foot switch - 1 each

. Map case (black box) - 1 each

Scale with calibratio‘n‘ weights - 1 each
Fresh crow salad in thqrmos Jjug
Freeze-dry' cCrow 'sala;l‘

Sulmet or other sulfa drug

Silver nitrate

Vitamycin

Bone meal

Dummy training packages

Food grinder - 1 each
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22.

23,

24,
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Emergency recall signal, audible - 2 each
Cage litter (commercial Kitty litter)
Spray bottle for water -1 ea;ch
Binoculars or other visual aids
Tethering eéuipment' ‘
reel wifh 1ipe
snap swivels
leg bands
Spare parts
Laser fuse (Bués MDL 1/2 amp, Fusetron fuse) Terado
Inverter fuse (Buss AGC225 or Littelfuse 3AG-25)
Bulbs, recall lamp (size 93-12 voit)
10! extenéion cord with 3-way outlet
3 wire adapter for laser
Small Phillips screwdriver
Long-nose pliers

Roll electrician's tape

- 50 -
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INVERTER

SPECIFICATIONS
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PERRTle IHSTRUCTIONS
FODEL 50-170 TEMPEST

bty INPUT VOLTAGE - 12 VOLTS D.C. CAR VOLTAGE
e . REGULATOR UST BE SET 10 HIGHER THAN 13.3
A CORVORATION VOLTS WHEN ENGINE IS WARM :

Qutput voLTaGE - 117 v.A.C.
CApPACITY - ] H WATTS CONTINUOUS
: WATTS INTERMITTENT

- CAUT MAINTAIN AT ALL TIMES, AT LEAST A 30 70 40 WATT LOAD ON THIS.
IHVERTER, WITHOUT THIS 1.OAD THE PEAK COLLECTOR TO EMITTER VOLTAGE WILL

RiSE AND CAUSE TRANSISTOR FAILURE,

THIS I?VERTER IS .NOT DESIGN
CONTINUOUS OPERATION,

ED FOR.
A PERIOD OF~FIVE (b) HOURS USAGE SHOULD HEVER BE.
EXCEEDED IN ANY CASE, COOLING OF THE POWER TRANSISTORS IS VERY CRITICAL
AFTER THIS TIME IS REACHED, ,
FUSING - usE QHLY 25 AMPERE FUSES, RECOMMENDED TYPES: BUSSMAN AuCZS &

LITTLEFUSE SAG-25, NEVER SLUS FUSES, THIS COULD CAUSE LOHP'CTE BURN-
QUT OF POWER TR/ NSISTORS AND TRANSFORMERS . | . =

FOR FACTORY S‘“VI "E - ADVISE OUR FACTORY SERVICE DEPARTMENT THAT THE.‘
UNIT 1S BEING RETURNED, ALONG WITH AN EXPLANATION OF PROBLEMS. FLOAT
PACK OR CAREFULLY CUSHION UNIT TO AVCID DAMAGE, ALSO EXAMINE WHEN RE-
CEIVED AND MAKE CLALM {F MEEDED,

su(PPfo “ViA PREPAID EXPRESS OR TRUCK - DO MOT QHIP PARCCLPOST -
ANTY WILL BE VOID IN ALL CASES IF THESE INSTRUCTICHS ARE NOT FOLLOWED,
YOU ARE RESPQUSIBLE FOR DAMAGE TO YOUR UNIT 1F RETURNED, IM-~

DRUF:?IY PACKED - "SAVE PACKING MATERIAL UNIT IS RECEIVED It a
- THE fF1Ffo INVERTER I3 GQ&RANTEED AGATNGST DEFECTIVE WORK-
#D MATERIAL FOR A PERIOD OF S0 DAYS, WE RESERVE THE RIGHT T0 |
[S GUARANTEE IF IN OUR OPINICN THE CONDITIONS AND INSTRUCTIONS
HAVE HOT BEEN FOLLOWED., A NOMINAL SERVICE CHAPGE FOK PARTS AND LABOR.

WILL BE MADRE CON ALL UNITS ouT OF WAPRANTY.

-

"1' STALL AIIO! OF THVERTER

CAUTION: Do No; THSTALL [NVERTER 1N MOTOR COMPARTMENT AS EXCESS HEAT
CAN CAUSE TRANSISTORS TO FAIL, ALSO THE WEATHERPROOFING UNDER THE HOOD
OF VEHICLE IS INSUFFICIENT, UKIT SHOULD BE INSTALLED [N'DRY AREA.

TO REDUCE HOISE Plcx—’
THIS"

® RADIOS ﬁWAY FROM IHVERTER AND ITS WIRING,
DEV‘R CAC PLUG IF HCISE 1S HEARD WHEN OPERATING PAUIO;,-
ER (OT RECOMMEMDED FOR TAPE RECORDERS.

HE IRVERTER iHPUT LEADS MUST BE CONNECTED TG THE PROPER PG-
NALS TO INSURE PROPER CPERATION, [HIS UNIT IS EQUIPPED

TY SENSING DEVICE THAT WILL BURN OUT [F BATVERY CABLES

iM REVERSE OF ABOVE, SERIOUS DAMAGE VO TRAHSISTORS
LT i THE CASE. OF REVERSE POLARIYY,

-

QL uO“h
CAN ALS3D R !

CC’-—*4
<
o

[MYERTER 15 DESIGHEN FOR NEGATIVE GPOUND VEHICLES . gAvrrs SHOULD BE
~TUHECTED RED ru roerrxve <BLACK TO TaGATIVE, CAOTION <71e the venfcLs
A POSET SUIIDED fv TL4, COMPLETE THVERTER WILL HAVE TO BE

B Y’ 4 ‘—’2 (.' (‘ o0
A l(ﬂ.R i )l(o or COMPRE guff:

i
) m) T reRA
MEDITATELY D[Q TRAMSISTORS, YARR({

.

a7 STARTIHG "CURRENT WILL
py vO1D :

PAGE 1
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.YOLTS DIRECT CURRENT

WITH A VQTT

PASE 7
OPERATION OF THVERTER
RANSISTORIZED POWER INVERTER USING 2 TRANSISTORS OGN

DESIGNED TO GIVE PLAK EFFICIEMCY INVERTHG 12
To 110 voLTs Ac - 60 cvcLES, :

THiS 1S A
mopel 50-170, 17 18

THIS INVERTER DOES NOT HAVE EXACT B0 CYCLE CONTROL FEATURE BUILT
THE FREQUENCY OF UNIT 1S DEPENDENT OH THE IiPUT VOLTAGE AND T#Z LOAD
ON THE 110 soLT SIDE. :

THIS IMVERTER WILL OPERATE tany 110 voLt APPLIAPCES.

1HESt 1uV:V:ERS'
ARE NOT QECOMMEIDED FOR FREQUERNCY SfNSITIVF rQUIfPC ! .

IKTURE MUST B€ F

CAUTION: ]PEPAIION OF FLUORESCENT LIGHTS - CHEs
CORRECTED, DISREGARD WATT RATING OF TUBE On TUBES, STARTING €

MUST NOT EXCEED /5% CAPACITY OF INVERTER, [MEASURE SIARTIPC CU?
METER BEFORE AITt4P1’Nb TO USE WITH INVERTER.

CAUTION: - Do NOT OVERLOAD INVERTER WITH APPLIANth SUCH 'AS TC:a3
ELECTRIC FRYING PANS., ELECTRIC COFFEE MAKERS. LARGE MOTORS., U
POWER TOOLS. ALWAYS INSPECT NAMEPLATE ON APPLIANCE FOR WATTAG
FORE USING, OR MEASURE WITH A WATT METER., LOADS IN EXCESS OF
OF INVERTER WILL ACT AS A SHORT CIRCUIT AND CAUSE TRARSISTOR F

PQR.S LISF For MODEL 50-170
SYMBOL. .PA&I_NA 4E . PART LG,
E-% L CONDENSER , 1 MFD - UO0 voLT PAPER AR
-2 ConpensER 4000 nep = 20 VOLT ELECT. ' 1360
(-5 compEnser 500 mFD - 50 voLT ELECT, 1058
Cﬁ“% RECTIFIER 1.0 AP - 50 piv 1764
(R-7 RECTIFIER 1. 0. aup - §J PV hint
R-3 rectiFIgr 1.0 Amp - 50 PIV, 1
F-1 - FUSE - 25 AMPERE .
§-~l ‘ FUSEHOLDER., HKP .
-1 - RECEPTACLE, ROUND 2 WIRE TYPE ST

Q-1 TRANSISTOR, POWER - TYPE ZNZ2152
8-2 TRANSISTOR, POWER - TYPe 2H21527
: » (WOTE: THE ABOVE TRANSISTORS ARE SELECTED

UNITS AT THE FACTORY - THE ABOVE TYPES HAY

BE SUBSTITUTED 1IN LASE OF rMLPGE.\CY) . ‘_
R-1 RESISTOR. 100 oHM WATT. R ELCE
R-2 . "RESISTOR, 1.5 OHM = S WATT - ', - . . S 132
R-3 "RESISTOR, 1,5 oHM ~ § waTT 1327
R-1f RESISTOR, 100 onM - b waTy o c 1578
R-5 RESISTOR, ,4/ OHM ~ 2 WATY N Ve
R- RESISTOR, 150 OHM - 5 WATT. 1573
S-] SWITCH, SPST - : : IS
- TRANSFORMER, POWER 1015-3

RED LEAD BATTERY CABLE, #14 WIRE - b T, 1ish

BLACK LEAD BATTERY CABLE #14 wire - 6 FT, 1157

"\

\

-

1/ ty
’ ;»/’,igf
1 -
L/'/V CORPERATION

1068 Haymend Ave. == Phone G46-2668
St Panl, Mintesota 55108

Approved for Release: 2019/07/30 C06527437



Approved for Release: 2019/07/30 C06527437

LASER

SPECIFICATIONS

Approved for Release: 2019/07/30 C06527437



[k}

[o¥)

W

w

(@]

1S

S

. S
f SE

o Samib ki b o s

for Release: 2019/07/30 C06527437

Approved

Table of Contents

Page-
Model 132 Specifications . . . . . Ce e e e e e e 1
INETOAUCTION o v v v e e e e e e e e e e e e et e e e e 2
Operation , . .« o« o o . e e e e e e e e e e e e e 2

Troubleshooting . . + + « « v« « o o e e e e e e e e e e e e e 3

High Voltage Circuit . . . . . . . . . J S e 3

TUDE CHANEE . « v v o e e e e e e e e e e e e e e e e e e e e B
Tube Removal . . . o v . e e e e e e e e e e e e e e e e e e 6

Tube Replacement . . . . . .« o o o e e e e e e e e e e e e e 6

G

Field Installation of Polarization Magnet Assembly . . . . . . . . . . 7
WArranty . o« v v e e e e e e e e e e e e e e e e e e e e e e e e e 7

Service Information . . . . + « « 4+ « ¢ + 4 « o « « . « . . . . .Rear of
Manual

List of Illustrations

Cathode Lead . . . . « « . o« . .o ; ; e e T e e e e e e e e e e e 4

w

Anode Lead and Polarization Assembly

" Model 132 Lablite Helium-neon Gas Laser Schematic Diagram . . . . . Rear of
' i Manual

i

[

Approved for Release: 2019/07/30 C06527437

R e - sl e e S b e ane Ty Bowibnide aence Ak -



[

P I |

Appered_ for Release: 2019/07/30 C06527437

oA 7 129 9 - Lo
1.0 Model 132 Specificat1ons

output.
1.0 milliwatt minimum

Power:
632.8 nm (visible red)

Wavelength:

Transverse Mode: ' TEMoo
Longitudinal Mode Spacing: 550 MHz

‘Beam Diameter: Approximately 0.8 mm at 1 ¢? points
Beam Divergence: Approximately 1.0 milliradian at 1/e2 points
Polarization, 132: Unpolarized ,
Polarization,'132—01: Vertically Polarized
‘ (cross component less than 3%)

Stability
intermode Amplifude Noise
{1-100 KHz ) : , - Less than 0.3% rms.
Amplitude Ripple (120 Hz over
voltage range 105 vac to 125 vac) Less than 0.5%

Warmup Time: o Greater than 0.7 mw at turnon. Greater
than 1 mw three minutes after turnon.

Environmental
Operating Temperature: -0 to 40°C
Storage Temperature: _20°C to 65°C
Altitude: 10,000 feet maximum
Power
Voltage: , . ' 105V-125V rms
Frequency: - 60-400 Hz
Volt-amps: _ : '35 volt-amps, max

Cable Length: . 6 feet

Mechanical .

Weight: ‘ 7.5 1bs, (3.4 Kg)
Dimensions: - 15.5 % 5.6 x 3.9 inches .
High Voltage Protection: An interlqck'is provided on the pottom

coverplate 'to digable the high voltage

supply whenever the plate is yemoved.
1 . .

1"-32 thread 18 provided to connect

‘accessory telescopes.

Options
0l Linear Polarization (cross‘component less than 3%)
02 150-250V rms
50-400 Hz

35 volt-amps, max ;
6 feet of power cord i

S
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'

The Spectra-Physics Model 132 CW Gas Laser provides the high level of per-
iiability associated with Spectra-Physics leadership in the gas laser

formance and re
field Quality workmanship and performance features such as conservative operating
ation guaranteed stability, and self ~starting are standard. A compact,

S?
package ‘and simplicity of operation make the 132 Lablite a pleasure to

Heart of the Model 132 is a new internal mirror plasma tube with long-life
cold cathode. Spectra-Physics. technical lecadership in HeNe plasma tube physics has
een fully incorporated into the 132 tube. Improvements in cathode design, plasma
tube sealing, and dielectric coatings result in extended lifetime and 'Mproved

i

=D
tude stability.

The outvut of the Model 132 behaves as unpolarized light in most experiments.
However each axial mode of ‘the 132 internal mirror plasma tube is actually polarized
endicular to adjacent modes. For applications requiring a polarized light,
ion 01 provides a cross component that is less than 3%. This degree of polariza-
» ig sufficient to provide the benefits of polarized light in most appllcatlons.

[« S
"

3.0 .Operation

WARNIKNG

ir T{lb UVTL 1S DROPPED OR OTHERWISE DAMAGED,'IT
SHOULD BE CHECKED BY A QUALIFIED TECHNICIAN BEFORE
COVNFCT!NC TO A POWER SOLRCu ‘

J

1 I the laser is a European model, ("220-240" on serial tag) check that

power is disconnected. Then remove six screws to release bottom panel,

and adjust trunstfmgr input tap for the closest availaplée line voltage.

The .transformer is wired for 240v operation between transformer taps 1

end 3 at the factory. Taps 1 and 2’ connect the laser for 220v operation
Note

it is important that the transformer be connected for
the correct input voltage. 1If low voltage is connected
to.the 240v tap the laser: may not start. Connection of
high voltage to the 220v tap may result in decreased
plasma tube life. BE SURE TO REPLACE BOTTOM COVER

BEFORE APPLYING POWER.

2. Plug into appropriste power source: 117 volt, 60 Hz to 400 Hz for U.S.
models; 220 Volt or 240 Volt, 50 Hz to 400 Hz for European model,

[y
e]

' : . . . 1
3. Place the power switch (next to line cord) at "on".
4. The laser should lase within 30 seconds. If not, refer to Section 4.0
for troubleshooting information. ’

WARNING
ThIS UNIT HAS HIGH VOLTAGE CIRCUITS THAT ARE EXPOSED
WITH THE COVERS REMOVID.

[ et aces

ey

e ]

2
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Lo 4,0 Troubleshooting

L ; if there is no laser output when powef\is applied, the following criecks will
2id in locating the malfunction: : :

Ly A .

g WARNING

v od .

§m§¢ ' MAINTENANCE TO THE HIGH VOLTAGE CIRCUITS IN THIS UNIT .

A SHOULD ONLY BE ATTEMPTED BY TECHNICIANS EXPERIENCED IN
S, d _ : HIGH VOLTAGE AND HIGH CURRENT CIRCUITS.

g ‘ [ momcs rog eyt = RIS

- 1. Look at the laser exit aperture (DO NOT LOOK DIRECTLY INTO THE LASER

.- SINCE THE MODEL 132 LASER OUTPUT MAY BE HAZARDOUS TO THE EYES). Look
% for an indication of plasma exitation. If the plasma is 1lit, there will
. ' pe an orange light reflecting inside the case. If the plasma is 1it but

v
R ; there is no laser output, it can be assumed that the tube is defective.
éxdfm' b » See Section 5.0 for tube~replacement instructlons.
et 2 if there is no indication of plasma excitation in step 1, disconnect line

vl powver. Wait two minutes for high-voltage capacitors to discharge,

% and then remove four screws to release the top cover. Make a visual
. inspection of the plasma tube for breakage. Then check the fuse which
u | is located at the rear of the upper deck.

i 3. If there is no evidence of malfunction on theé upper deck, & defect may
rida : exist in the high-voltage supply. Remove six screws to release the
: ; iower cover, A line voltage interlock prevents épplication of line power
ui. to the high-voltage circuit. THIS PRECAUTION IS TAKEN BECAUSE OF THE
,mim : EXTREMELY HAZARDOUS VOLTAGES AND CURRENTS IN THE HIGH-VOLTAGE CIRCUIT.
;ﬁ_} ‘ 4, With line power disconnected, wait Iwo minutes to let the high—voltage

§ - capacitors discharge, and then short out any residual capacitor charge
PJJ7 with a well-insulated lead. Short between the "." conmection (shown in
: i in Figure 5—1) and the "cath'" connection on the printed side of the
“ffd A circuit board. Co
mjm' 5 Proceed with high-voltage circuilt troubleshooting. The schematic is
i z ) shown at the rear of the manual.
ngvk 4.1 ©High Voltage Circuit
i_dj The high voltage circuit supplys the plasma tube dc excitation voltage

T (approximately 1300 volts). AC is transformed in T101 to 1300 RMS and the doubler
T_i’ circuit of diode CR 101; CR 102, and:associated capacitofs supply de¢ high voltage
: of 3400 volts. Ballast resistors Rlll through R114 limit plasma tube current to
s 6 £2 milliamperes '
- Start multiplier section; CR 103, CR 104, CR 105 and C11l, c112, Cii3
1 provide increased high voltage {(more than 8000 volts) under a no-load condition
oo " (tube plasma not 1it). This circuit becomes ineffective and high voltage drops

to approximately 3400 volts as soon as the tube ignites and draws current.

Approved for Release: 2019/07/30 C06527437
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Change

Tube Removal

ot

w

[e)]

Disconnect from line power. Wait at least two minutes to allow internal
capacitors to discharge.

Remove four screws to release top cover.

N ~ ', s . - \C
Remove two screws to release polarization magnet (shown in Figure 4-2).
Slide this assembly clear.

Remove six screws to release tho oo»tom cover. SEE WARNING BELOW
BEFORE PROCFEDIVG '

WARNING

WITH THE BOTTOM COVER REMOVED, THE H.V. CAPACITORS
. SHOULD BE SHORTED OUT TO ELIMINATE THE DANGER OF A

RESIDUAL H.V, CHARGE. . FIRST CHECK THAT LINE POWER

iS DISCONNECTED AND THEN USING A WELL-INSULATED WIRE,
SHOhT THE """ CONNECTION SHOWN IN FIGURE 4-1 TO THE
qva CONNECTION ON THE PRINTED SIDE OF THE BOARD.

Unsolder the plasma-tube anode and cathode leads from the H.V. circuit
board. See Figures 4-1 and 4-2 to identify the leads. Pull the leads
through the top deck. ' '

Use a 3/32 allen wrench to remove two plasma tube mounting screws at each
end of the plasma tube. Then 1ift the plasma tube clear.

Tube Replacenent

" Repl
1

ace the plasma tube and polarizing magnet in the. reverse order (of
) taking the following precautions: ’

Determine tube position by laying the polarizing magnet in place with
the mounting holes lined up and positioning the plasma tTube for no

‘mechanical interference.

W

Note

After the tube mounting screws are tightened, do not
place any bending or rotating pressures on the plasma
tube.

Refer to Figures 4-1 and 4-2 for correct anode and cathode connections
AR IN MIND THAT IF THE HIGH-VOLTAGE CONNECTIONS ARE REVERSED, THE
ASMA TUBE WILL BURN OUT ALMOST IMMEDIATELY.

When replacing the polarizing magnet, use the slotted mounting holes to
position this assembly with 1/16 inch clearance from the plasma- t”be
cathode.

6
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[y ' . . - . N
4. When replacing the bottom cover, note the interlock plug located at the
.rear of-the bottom cover. When replacing this cover, guide the inter-
1ock plug into place and press firmly to engage it before Fastening the

bottom cover.

Field Installation of Polarization Magnet Assembly

6.0

1. Turn off line power and wait at least two minutes to allow internal
capacitors to discharge.

2 Remove four scCrews to release top cover. - )

3. Lay the polarization magnet assembly in place as shown in Figure 4-2.
Check that there is clearance to the tube with mounting-holes lined up.
If not, loosen the tube mounting brackets to re-position the tube. - Then
tighten the tube in this position.

4. Using the two screws provided, fasten the polarization magnet using the

slotted mounting lugs to position this assembly‘with l/l6—inch clearance-

from the cathode.

Note

- - 4
A small decline 1n total power output (1ess than 20%)
may be noted with the installation of the polarization

assembly.

WARRANTY

—————— A

All mechanicai, electronic, and optical pérts or assemblies, including the
plasma tube are unconditionally guaranteed to ne free from defects in materials
or workmanship for one year after date ‘of shipment. The simplicity and reliabllity
of tne Model 132 are such that -any repairs that may be required can readily be

accomplished at the users facility.

the event that a replacement part or plasma tube is required, simply
est SPECTRA PHYSICS field office or service center, and the part

contact the neazxy
will be forwarded to you in exchange for the defective item.
Un hat are returned to the factory, or service center for repair will

t
25,00 service charge and all transportation charges be paid by

Approved for Release: 2019/07/30 C06527437



P

Approved for Release: 2019/07/30 C06527437

N i s [P e 3

s oo 50 A bl Brrrniinm + b

WYHOVIA D1LVAIHOS

g.9-v0PI 'ON 1INIUd

r wvagouna |
! I
) 9014 ! ! !
S ;w ;w cory m ” ore
MG M G
HEO 189 69 M489 3801 YWSYJ , | |
iy 2Ny ¢y iy . 4 | #HOOY-0$
. y ~O B
A AAA VAN AN Goonw Ssenvs __ - | A022-06l
. 10142 ) M el s
ANS od | AOVZ
LB OO oty | sl‘..ll_ﬁ.
21 .
> . AOSY.  AOSY. AOSY AOSH AQGY AQOGY AOGY AOGY AOSY  AOSY 11D
9~ IR0l PENOLT PINOIT P3NOT PINOY pPsNOI PenOL PINOI psrol RINO!
: 201D 1012 2010 €012 . v012 S01D 3010 2012 801D 6012 o112
T — e i Unn LU S o o Ly s L S SRS SR
ﬁl.‘o
w089 | %089 .| w089 X089 %089 10S9 HO89 | %089 | HOB9 HOEB9 .
o1y 201y coy oI d <oy 901y 01y |, 80!y FmoE oty ZHOOV ~ 09
- A AN A ANAA A AN LRSS~ AN AN _r H\l\o
jor r
1015 JVAG2Y - GOl
—0 0
-~ _ P gs ve&
1013
9-M1 - 947
201480 10182 .
L 1 i\
i~ I~
AN 1014
L1500 o
:ox — __ 0 >_/
| 3 - L
_ M | MO ILNL
(
| | L G
4 m |
| ) e
* |
_ |
| 0181 |

43Syl SYO NOIN-WNINIH IL1NgYT el 1300

et

T

e

Ean

Approved for Release: 2019/07/30 C06527437



o NOTE ‘ | _ | .
‘Grip on leg; finger and ~ Correct Way to Hold Bird
wrist perch '
il ' — ' Approved for Release: 2019/07/30 C06527437%




Approved for Release: 2019/07/30 C652747

Photo 9

. . -Ph
Launching‘ Cage (inside) oto 10

Launching Cage (éutsic.l'e)

Approved for Release: 2019/07/30 C06527437



© ., .o ) N .. :
o . . o o
o . .
%o ° w d
. 5 w
g o e
o o wm ., . .
T H R
No o| - ’ . -
< .
. O n p °
23 0 .
00 o
£=0 :
4 O
o <
n o
N~ . 08 g
() — . o
< ’ <
I~ N~
N © e o
X} ° . Yo}
Q ©
o c o
C . C s Tuveed - - <o . . o e a ,C
3 NG 3
Q . o
~ N . ~
o o
S~ © S~
@ . o
gy ~
O . . o O
AN o AN
1] . .. . 1]
© T : . @
Ko . : , g
(O] o )
o = ° : . o
[ _ ° . —
2 : o] el
o : N . o
0] : 8wk o) . . ‘D
> : SN ,_ ° op  moan . 0
m sa °Smuat Bt o s Bl o o adig . 3 fa.z ° m
S|l ; R g
. FUTIRN PP SR R R Lt L N .
< . e b st ® <
P P S B o P 0.5 RN 88 . %
e e oo ) | - .
[ IS L C °
. R i . s..‘ N ot o
P R4 A = .
¥ = T
. g & H .
AP AN | ' .
. e 5 o
e . — ©®] .
° an.ﬁ a‘ oOo.,m 01 o=y °o 1 o
Jos Py S . o u .
e . + . .
- o , ° o °
| e e g0 bofe 0, 2 %, @ . ° - ] h o ] .
= eﬁuﬁﬂuawmmﬂnouuwwﬂh Bee o B - = P X - = =ees =
(o]
T - uWw& T e=: wiane ey B TTEoAsssssTs s . = uw“‘»O“v“ﬂnwﬁh«‘
" . X .
va C °
. o . .
— s . .
e = == [ve [ M—— S
oy T @ . . 2
: © ° . ° . B
) DU AT N




Approved for Release: 2019/07/30 C06527437

Photo 5 o
Photo 6

Spinning Reel
PPIERIng. Snap Swivel Fastener
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Shipping-living Cage {inside

thbto 8

Shipping-Living Cage
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- Light Diverted into Cage
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