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freface

If the Alr Forée is going to éontinue to develop sophisticated
ard costly &eapons.-then inexpensive methods for effective airerew
training must also Ls developed. During my tour in Vietnam 1 ob;erved
that one of the best'of_the new tactical weapons was the laser guided
,~§omb. Fowever, otner than hy droppinﬂ full scale bombs, no. means
was being provided for the initial qr eontinugtion_yr&ining'of-aircreﬁﬁ._V

My goal, which I.achieved. was -to build.an inexpensive laser guidande

a3 _unit for-a WFU«W} practice bomo‘ It was an extrenely interebtzng

'f‘praject Laeauda I had.ﬁo,estab¢isn aA“*inl-Sfb" in oruer te aacamplish

o thiﬁ *asx.: Enilﬂine thi davxce dswa%éea Know leaﬁe'oi Sueh d“veraaﬂz'
'  £§31 ds of vcienca a* mechanies. nﬁyﬁigs. eleauratic and aﬁrcdynam§cs.
:fiI exparzenaau sll tha haadaehss 1nva1ved w*th pro»urenent delav%

| c*tity’éelay\. and lacx of zuaﬁs; I % nsa a vraat ue&l 03 i&signt

"<into vha arahlamb involved zn ?ha huilainﬁ of a new ueapon anﬂ &1

{:at the. s;r@ tiwe som se rseﬁ pracuical snv!wseriar expavia ee,,;.i‘°‘ 

.- ui*i eunres# app*aoianaow to. *? theais pbnaor br. %enry

4-;539$istér e? tﬁa App sea »hgs on ﬁivis of 27T, :,1 *“ﬁ;“.ar all
}‘ihe subport th he anﬂ hiﬂ nerronrul w“uviued.i It wauid have baan
‘vvrtrﬁuqi" ai?’icu t~te-eemp ﬁte &his rra*ect'u‘thout their a%u.A srgf:vﬁ
'?e&er-tbrvik.-ﬁ tresi« suvi cr, I taaﬁw keepin& e haaaaa da&n tLe

:*f'pat% ta wuncass *hen ‘0ulﬁ sée N0 liwnﬁ at thn f~a“el‘s mnu.' *-nx l{,

:.1? soulﬁ T*kc i ta.ux wy uiia, kriﬁ. for har svppart durinb thuaa twn A

:'~1ﬁn years. of sehcolin,.“
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Abstract

Training is required if laser-guided weapons are to
be used effectively, but tne cost when utilizinsz the full scale

weapon is prokibitive, This report describes & nrototype for

a low cost (315C) laser guddance unil desizned to be usad in
Acanjunction with a 30U-33 practice bomb, This unit, completely

self contained, can be drop-ed from the $UU-20 practics ordnence

dispenser. It utilises the same typeé laser illumimator and has
a guldance logic similiar te the standard laser guided tomb snd

tharafore provides realistit traininz. The unit could be used

far low soul and sffective laser~zuidad weansns tradning.
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‘LOW £OST LASER SUIDARCE ONIT < S TE T

'FOR A BDU-33 PRACTICE BOMB =~ -~ .~

)

‘I, 7 Introduction ~’ift T c _~f:‘m

In looking- to the futu e on; should eon31der the péh\° , %;~
Toward the end of ™4 II, guided bewbs bad been develooed and wera ) j:ft- n;f
entering the tactical 1nventory. dowevar, deVelOpmsrt of theue R
guided weapons completely ceased at the end‘of that-war.i Bopefuily,
after SEA, we will not make the same mistake but will continue

to develop laser guided weapons. If this 1s to be accomplished,

an adequate training program must be develioped and maintained.

£
4

By training, the idea is kept alive and useful operational fesdback
1s provided for continued weapon development. This report describes
>the design and manufacture of a laser gulded practice bomb. Section
IT explains how an inexpensive laser guided practice bomb would os
ar aid to training., Judgemsnt of crosswind effects, complicated
reflee ction patterns, and training in specialized laser bombing techniques”
“ean not be accomplished except by utilizing a bomb that will guide.
Section ITY details the theory of operation that the guidance unit

»:Iwill_ttilize. VIn almoat all respects;_it simulates the guidance of
4the full scale weapon. Section IV gives-step by step instruetions

. for-ﬁuilding the laser éuidance unlt, It specifies the materials

-.f;'-' “ ‘:,,‘" Canl technlgues used in construction. Seectlon V lists some ideas
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which might be used to improve ths guidance uri?, but which could ;

not be Znwvestigated bscause of a shoitage o tims. | .
Al necessavy technology is currently svailaols, The task

will be to select the lsast expensive a»d most innovative way to

implement this technolozy. With this in »ind, every possible effory

vy nmene b et e e inen

was made to utilize Yoff the shelf” hardware items or, at leasi,

A‘itams that requi»e very little labor, especially specialized labor,

" to produce,
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II. Benefits To Training

With the introduction of the laser-guided homb {i3R)
ir the South East Asian conflict, there waz a significant increase
in tactiecal bomting accurac&. Bombs could be dropped with nearly
pin»boint precision and thus fewer missions were reguired for a
specific task. However, there were many ‘LGB misses and a large
percentage of thess missss were atiributed by PACAF {o a lack of

sufficisnt aircrew training. 7The problem with providing more

-~ training is the expsense associated with laser-guided bombs which

cost aboub $4,000., This cost may be acceptable during a war

* becauss most of the trainirg can bs accomplished on actual wmissions

to lightly-defended targets. During peacetime this cost will
probably not be acceptable. Yet, as with all weapons, training
must be provided if one expects tha aircrews to remain proficient..
As an example, it_»wuld'gost_in excess of $4,000,000, to allow

each airerew in a Wing to drop ten LGB’s per year, This allows

“each aircrew to drop less than one bomb per month, hardly suffiqient.

Some of the problem areas encowntered in dropping laserwguided
weapons that could be overcome by adequate practice are:
T. Judging Crosswind Effect: Not only does fhe bonmb
drift with the crosswind but the seeker suffers
misalignmerni relative to the ballistic trajegtory.
thus, compounding the drift nroblem since the seeker

is not looking directly at the target,
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2. dJudzing Different Target Reflectivities? Constituents
of the aimosphere such as water or dust can absorb or
écattér large amounts of the laser energy making successful
R _ boubing impossibtle. The scattered energy can produce

| false targets., Hach target will have a complicated
reflection pattern. These reflection patterns can be

anticipated by a trained ai:érew. .

3. Co-ordination Between Aircrew Members: 411 laser-
guided weapons are dropped by multi-crew aircraft,

usually an F-4, Sometimes the deslgnating aireraft is

{ o  not the dropping aireraft. This last technique requires

special co-ordination and practice.

4, Tpeéiélizeﬁ Techniques: Designator alrcrew members

{ .-; , o o (WSQ) have develqped specialized techniques for dropping

| againét caves, moving trucks; underwatef pOrtagss,'AAA
sites, ete. These~techniques must be taught to the

i o inexperienced aircre, ‘ o

5, Releaze Baske.: The release "basket" is a relatively.

complicated function of the geonoetric positions of the

]

é ‘f 1aSer and weapon release alrcrafi, target conditions,

% 'ahd_atmospheric conditions. The ability to propvrly'.
,% o ' : ,.,reléase the weapon so that it will guide to the target

S S o ~ must be taught to the inexperienced airerew by practice.

~There are not many aireraft references, and experience

is the only way lo learn, - ‘ o

GTREE AT Y AT
we
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6, Target Tracking: Many times the laser beam is
pulled off the target by the evasive maneuvering of
the sireraft during pull out, WSC's need frequent
practice in holding thg beam on the target during
evasive maneuvering.,
A1l of these problemvareas can be overcome by providing adequate
practice to the aircrew, -(Ref 2:35). _
" The proposed TAC concept for LGB training is centered

arourd having the WSO practice holding the designator energy on the

target while the aircraft commander drops a BDU-33 unguided practice

bomb from ten thousand feet. VAlthough this method certainly is
inexpensive, not all the fraining cbjectives mentioned in paragraphs
(;T" 1-6 can be met.

J This current TAC concept will provide a satisfactory means
for initisl WSO training and at the same time provide the A/C |
with conyentional bombing practice from a high altitude., This
concept would provide a satisfactory Phase I training. Hoﬁever,
it does not provide that immediate, positive feedback so necessary . .
For judging crosswind effect, compli&ated reflection patterns, |

~§ " nor doss it provide a means for teaching those specialized- techniques .

mentioned in paragraph 4, How can the airarew be Sure that,

g TR

RIS e LT e PR AT TR

utilizing their technique, the bomb would haverrea11y gr;ded on.f” f
the reflectéd laser ehergy, especially on 2 taotical'range? 'Hoﬁ_f*

can the aircrew be sure the crosswind offset wgsleﬁgggh? :Thes9ifff§

FEABREIRIS G
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items of finesse in dropping LGB's can only be taught by dropping
bombs that will actually guide. A low cost laser-guided practice
bomb would provide these necessary Phase II training obJjectives
at an economically feasible cost.

The problem is to provide an inexpensive *practice"

laser-guided bomb for airerew training, Currently TAC uses a

small, inexpensive,‘practice bomb (BDU-33) for unguided bombing

training. The proposed solution to the problem is to design and
build an inexpensive modular guidance unit which can be attached
to the BDU-33, thus converting it into a low cost practice laser- -

guided bomi. This modification of the BDU~33 should not interferé'

.with its carriage in the-5UU-20 or SUU-21 practice bomb dispenser.

| The practice bomb modification unit must ylosely simulate;7

',,‘ the performance of the KMU-351 modification kit, . Thare.are threa_ -
1cond1tionb which must be satisfled for a suncevsful LuB oy nrl-

“:apractice LGB drop.~ The iirst condition is that the %&rget must
o be within the 2&0 fiald of view of the qeemer aasemblx. lha
_)?second condition 15 that the bonb must be dropped at a point |
~ which is within the aerodynamic anvelope of the bomb. The bamb
--ican be dropped no. further away from the target than the waximum
véf!glide range nor ho-. closer to tne tarbet than the maximnm drag

B ﬁkposszble as shown in I&gure 1. (Raf 1ls 20). The third conditicn

:,.(i*’ that the bonb must recaive suii‘ic*«nt energj for e*uidanee.

‘-"A;;jThese conditions deiine the release mirt. . |
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Maximum range
reduction by drag

Maximum range extension
by gliding

J"'tﬁgget

Fig.. -1. Aercaynamic 'ﬁrop_-Easketg o

This design need not provide guidance i‘or sny lasez

B radiation nulse pa'tterns other than- those that are presant.ly in

"use in tbe Pavemj or Paw;knim 1aser dasigmtors. It is really

o _mt necessary that the praetice bemb aacomda‘te all pulse rep@titim

- “codes, The. f‘cllomng assurmtions wmc.x baar cn tra.tning with

' ;gruidad bembs are maae' i , , _ Sl _
' 1. 3 5'€ to 10;\5 rsduetion i‘x reliab lauz,* uhen cmmr&l | T
S ’ce the prasent fnll aize bq:ub t:ould be nc\.eptabla in N
"" ' mdex* to reali @ giant Q(‘mt savings Vﬁf&.ﬂi}O &3'3!' b@m’ S
) reduwa to ;1-»0) "n,is reduntion in wl abﬁity my S
" not be nacessary ‘ N s
s .-  :'2‘ . «xy mapim the bomb's fmnter of g,ravit.y nt
- 'q:proxinately the sane louation uhem w‘l}. ba wo. . )
o fq:grecinble cwange in ity bullistﬁe eham\.taristicm B
TimSa ctwwctaristies are roadad onl_v mr t}m f&mt
:'; '5“3 saeonds of tne arop (safa sopanation time}. sitas

'mat guidame is nvailable.
R
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TII. Theory of Cperation

| One of the best ways. to understand the theory and
: operation of this‘lasér guidance unit is to fullow the reflected.
;lgsver;pulse as it ié_ p;'ocessed .thx‘u_ the guidan.ee unit of thé ‘1.GB,
o ‘J‘nen the reflacted pulse reaches the bomb. the simal

is proeessed as in Figure 2,
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v detector . . pnlse L sodenvid
oo stpetcher L

ug. 2, uuidanas ssam Fic”’_.*'

o ‘he:.i:ml. 354 _shs@' in?:mwa 2, is»facxiséci' :én »;t'.hé .
| _'&ate-cwr ,g'z;,f._.th's jcd}ie&éﬁ:{g lens. The 1‘.{)5):-_5&1%@ arwents
”t}xé -&etéctéé Pmn ‘&*ng‘-aétiva ted by asbient saurces. m demwr o
'» is cwplsd t«; the mplh“ie“ ay & can.m.i tore This cnmcator

.:A;@smtas aw D.». :wiSa Tom thg_ rest of the Vcirc:ui-t.' ai‘tar .




v i o ot ST i € R T

M Stretgs Boet S itery =AM R apin o i

LT O T o e e .« e g L

e G S e e C P

GAW/HC/73=2

being amplified, the signal must be stretched from 20 nanoseconds',
to one tenth of a second in order to keep the switch from oscillating,

The closing of the switch,a transistor, provides power to the

- solenoid. When the solenoid activates, it rotates a cansrd fin

into windstream, Thi& fin rota.ticn provi ‘es a auidance correetion S
for the bomb's flight path,

A schematic diagram of" the campleted.design is 1aaluded 3

_in Appendlx A and can be fbldad out aﬁd uaea as & v15ual nid 1n

follawme; the signa_l' path,  The guidance szgml wigimtes f‘rom 4

a high peak m«?ér,‘s‘wﬁ {20, mnasacmm} pnlsed laser which is R

usuallv aimx\ﬁ‘ & muut@d. This lasser (c&ll&:i A deugnstar) i.:
B -'.'aimd and i‘*rw at the “asirefi r’?gts sucause of the. Etihh naai’.
f.rzowsx- mtms aﬁ‘ th -s*l&sér (usaslly reete? thm lﬂc’ .atts..) e o
) 5‘1&“ amtm’c a: t&zis pouer W }.l ?.m roi‘leq.t&% h_,r tha tamz@t. ’=‘he :

f'xsasmituée ei‘ this m:lmtiav as 3@&:! h~* t&m L*‘*' s il‘ ba af :me: uiqm'

et t.aw.,et abso:mt vitv and mmetry. gm;dng ;mglu. at.,.nsgx u'ic

' ' ab.sm‘p*‘ivs »y, bowb altitm.&. sm. how smwat&l: m‘m m&: -ma -

e érctmaé ( ef J,fé . wnm* ang;@ ix ééfim as t.-s awg.e o

. _M*wﬁen the larer hms conter ire sad tm hordz 2en m shoun in

- Figure ;., I.x.w wgim* am: es cause ssul*:a stretc&'im, ans r&xj‘lgx‘ztﬁoﬁ C

- _‘ai‘ t‘s‘a e*wru :'m F] uiruciim appo@it.e ?,hat nwaesars &!f’ bosb L

.E:gu\uaﬁce. RECH ?&ﬁggij’},f_
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. Pulse Stretching
Ares

e

o ~
Grazing Anzle N A
o o
| ‘ e / \

- Hordzon
Fige 3. Srezing dngle

| the inserén&rﬁ? is cellécted-bv an objective lena'm”zi’

-;'foeusﬁ sate & deteeto 7 ”‘hia 1ans 18 rmunteu ina :*mwed omm&,
o 4‘ .“’he pmbe iz attachaﬁ te ‘L&‘e frfmt of t.re Lua by uniwx*sal g,ix‘ba“
E \m-dh is at»&o yod te the gm.ba at the pmbe‘s aenter oi‘ gﬂanty
o). ounts n‘:‘?m »vmbe at its og allove 3t 10 bo ,;..::%ical},r
| -"__"'-‘tnlanvm 'br aimmit yﬁ“ﬁ‘i&”@ .mi aﬁ. ‘h}le same t.i adf‘icas‘tly

. Mu«.e's dw.:wsic cscilla?‘eem mic‘; =i .t_tisg‘s:trog i : d ing' t‘w

 bowb¥s fall.

t'fhé *sm a 150 annm ‘.he prcbe md t‘m mb t’o

o osai,&.l.ate irﬁﬁpeu&mmy of “sish vther dur*mg the bo.,n'?“s émne\m‘.. B

R Tme ;onriuu;ml axﬁs ax e umm is amim&d tv xly almﬁ
:ah*rad with the Naati’-?’e hinti wimiu. g,is-izil nmt.s of ?1‘3’

' '.A.e !:» wb asxywetry. t.hé borb's 1crsgitudim; ax&s rmham 5
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{ will not fly aligned with the relative wind., The probe does
-

roll with the bomb, 3By always_flying aligned with the relative
wind, the probe provides a stabilized reference plaifom fox_"
the detector from whichvthe.bohb's relative nosition to ihe
target caﬁ be detemined:. Each quadrant of the dete-tor in

- the probe corre<ponds to a spncific fin rotation diraction

ar\d theref ore a spec e guidan_ca comand. s‘nen the reﬂecte‘:ﬂ

.laser enersz,y is :ocused on'a ﬂs-pacific quadrantg & Sif’mh.‘is

'feneratsd u}xicn is electmnically processea into a guidance

*amarﬁ a. sbown in ’?if‘ure"“.

wbteetor Mgopst %“L
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It 1s importanﬁ here to note that orice the bbmb starts
to zuide it attempﬁs to fly a straight line to the target. " The
' E , bomb does not succeed in flying a straight line due to its simplistic
-g | guidance scheme in which any'need for guidance correction causes a-
'E_ full deflection of the guidancarfins.viThis method ié nicknamed
;: '”Bangmﬁang" gﬁiaaﬁce. The. tha dimensional representation of the
: '.flight path nrci‘zle when utihainv “uang-..a:w" guldmme tenm to
fg_ .bb as shown 1n igura S5¢

o N e e SV TUTTRCLY o
B P S aag*veﬁt overaxau* »
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. LN N
a 3
«@“b perrests for . \
apprrent ﬁﬁh&;&hﬁﬁtv4"’ 1
N
k\,.~
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- the ballistic path as shown in path a of Figure 3.

Tﬁe-rash ot the bom a's..a“ i

§§¢ﬁ@iria wgties~A§s ﬁ,o'z ia igure &, is &

GAW/MC/73-2

After a short ballistic tall (2-3 seconds) which provides
safe separation from the aircraft, the laser bomb'begins fo guide
on the target. The pfobe'is aiigned with the relative wind aﬁd
therefore the seeker'initially "looks™" along & line tangzent to

The seeker

- perceives the target to be below this ;angentlling ard therefors

corrects the tomb path to achieve a straight line interceot of

the target, ncwavﬂr. due to the "nanaa\an*"
zs -

uisancn tha bomb

‘ ill over “aot hiﬂ desi ?éﬂvfﬁal as sh&wn in path b of Fi sure 5.

o

a sories of stillatlonsjahbut the .

3‘nal qtrﬂi:&t iine frﬂm the @nﬁ'af the Wallistic drop to the -

© tapget, {Red ?~ul}.

The fg}l‘&éslv B hﬁt 2 fia é of view of 2%,

¥:

god. 0 ual ula%o t%s_,z
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- lewer $odioies of refvactisn.  (he ;x pose of &h

SAINC )T -2

1

Ton 120 = 222/F (1)

F = 104 inches | (

[
St

Fig. 5. Determininz § of Lens

‘.‘I‘ha-;ctiv& area of the Jetector in the prototype has

a radius of (222 inches. Using this ard the desired field of

- view (haly an=le 12°) the collecting lens focal lensth hecomes

1.0% inched¥, Zetwsen the &.0118 o le’"}‘\ and tia ‘*maﬂt.m* iy

s

a mxlti-l&yer mtf_aré‘_erenaa filter which wransmits anly ‘:.hat Enarr
vory near 1,06 nloroneters, The handpess of this filter i arcand
03 ‘séi-eme:ai@?s .

The wlf.iﬁ.iag,m ix.ze sww::e ‘;i Liur \"-a"i # of guveral

13

ielmwic t«x‘ifu 5:» ving an thicknens ':r_-:_:f'. i wavelanath,
. R h%

-
R

These lsvers au \*%Z«;}’ﬁ‘ s dencsitad oo a glase subetiote. The

dlelaotrie matarial in %me'sa-}aysz‘s alternstes ;:w. =.i.\..n*‘ ‘w

X "3

s
thir allornation

38 to produce destructive intarference belween ths teams reflected

at each §’nt@rz‘:’z¢§, ‘hifs 42 aehieved by having the reflecvions

v

geour at less ierse ie wore dense Erter**w%s and having a W phase -
. SKIft resels fron propsgst ssn in the secomd medfuss - The layer

thioknwes (d) in & nedium (za} oy be csleul-zteé from

Foh
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C/L . hb /‘f'ht' | .
Oﬁ/ = 4, //4/’2,, ‘ ()

‘The peak transmission occurs at Ay .« The bandpass of P

the filter depends un the quality and thernumber of ‘layers. The

more layers the more destructive interference and the less reflection =

at A . By using a narrow bandpass optical filtsr_oné elimihétég
most of the aolse caused by the detector responding to ambiept' |
light, . filler is usually designed for normal'incidence.‘ As
tht .adiation is tilted from the normal, the effective filter
wavelsugth is shortened,  For a tilt up to 12° from the normal,
'b, this offect is nsgligibls.f Highér temperatures, at,ve 2000, will

- lengthen the effective wavalength and lower températures will
shorten the effective filter wavelength. Figure 7 shows a typleal
 desien and the transmiséion 5ﬁrvq’for a malti-layer filter. | o

s Typical filtap;effioiancies,are~60§'té 0%,

U 4 N d, % o | d ST N P
L :sgigmlv.j o " L |d, . %dl. , d‘l .
: S FiTter .
3 - Lo
I?ranswiééién_" .
: A% Vavelength

- Flyg. ?;_ffwaﬁgimissibn Curve for_ﬁﬁlti«Layer Filtef'Lazk."
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Detsctor

A quadrant silicon detector is nothing more than fowr

diodes. The detector is reverse~biased and therefore operaies

when illuminated)¢1~(Rof;Appendix A)e This current. signal which
1s negative with respect to ggcund.fisscoupled to the amplifiers .

thru a- capacitor as shown in Figure‘lQ;_ The detector quadrants -

Pi.e 8. Quadrant Silicon Dstector & Fin Alignment

Each quadrant is electronically isolated from the others.

pronQrtiona;Ato the input signal up to the saturation level, The

“in the photoaonductive mode (ie, it generates currenmt, not enf,

andithe-guidaﬁce-fins §ra aligg@dgé§~sthn in'Figure’Bf'

| _Af radiation vver a 0.35 to 1,13 1 bandwidth is incident on the

‘:guffaoe'of the:deteétor.,a'small ourrent will flow which is

" spectral sensitivity of the detector will gemerclly vary with

R e S

s T
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waveleﬁgth across the spectral bandwidth of thé detéctors’TAt
1,06 u, a.silicon detector has a quantum efficiency of about
50% of that available at 0.9 n. Peak sensitivity and output
for a-Spécific wav$1ehgth will be achieved when the incident 1ight ‘
~ is normal to the diode. There will be some pulse width stretching
- thru the sillcon detector sineé the detector rise time .1s normally
about 5 to 10 manoseconds, o | - ‘b_.

The center of the detector is masked so that when the -
focal spot is centered all four fins will net activate simultaneously.A 'ui?
‘The mask is 1.25 x diameter of the spot siZe.to”allow for spot jitter. :»l ”
-Spot size was experimentally determined to be 0.1 inch.a.Thefgfgre;_
the nask is 0,125 inch in diamster. The bomb is rolled very
slowly (2-4‘turn§ in 10 théusand feet of fall) by a slight bend _'
of the tail fin so as to make it imp0551ble for the focal spot
to track the 1line of intersection between two quadrants for the
 entire fall time, | |

At thi% point one must investigate the minimum signal
level to be expected and determine if that signal 1eve1 is comp&tible
with the detector. A typical designator has an output-of 120 x 10

6_watts,

Joules in 20 x 10~ seconds which provides a powex of 6 x 10
Experiments at the Armament Development and Test Center
have shown that, for normsl conditions, 50% of the transmitted |
energy may be lost duw to atmospheric scattering and absorption,
and phét.tgctical target'"e5lectivity ié.about 33%‘A Therefore the R

T.opower availgble ior refleotion will be about one megawatt.» Now,v':’ |

v

R A T 1]
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© if the ‘power is reflected from a target, isotropically through
J a solid angle cf,2~ﬂ‘lradi&n,,to'a bomb- &t 10,000 fest (normal

“ initial guidance altitude) “the signal strength will be as follows: °

_F.?E;__ :' ./Oéwﬁtts - 0 /X /04 wnl“l"s
RO 2mRE | 'étrxlo;a_p_‘.g? ”!

TINE )

- The collécting area of the lens éanlbe'calculgted to- be .785

' -square inches and therefore the,t.otai._pqwer collected will be
P, = (.785) (,11 x 107%) = 8,6 microwatts -

Thus if the losses are 40% thru the lens and filter,
one cdan say that about 3.5 microwatis will be collected and
‘focused on the detector at ten thousafxd feet altitude. It was
determined that the minimum detectable energy for this bsiliconr
vdetector_is_ "about 10"15 Joules. Corxveftirig fhis’ﬁainiinumA'energy'

to power (P = 10 15

| . minimun; detec‘bable power for the detector ie. very close to that e

' 1'which 1 available. Thus.ten thousand feet will be a threshold
~altitude and it may be a. problem for the deteotor to. “see" 'bhis

5)

(6)

Joules/10 ~ 560 = 10‘5 watts) one finds the SR

3 5 microwatt guidance signal during other than perfeot conditions' L j'_:ﬁ_j: ':_f}‘ :

m; this: point the signal has been colleoted by a lens or;lented




4'lf';will be turned on ailowing current to 1low to the qolenoids. =

'5;; ;There are four of these amplifier-pulse 51 retoner oirauits (ona ‘;fff=f:;iﬁ

o GAW/MC,_”,?.3;Z o

perpendicularly to the ballistic trajectory, focused thru a 1.06 n
| filter ard detected by a quadrant silicon detector. These three
elements of the signal processing sequence are-packaged in a unit
~ called the seeker assembly which is mounted in the front of the
 bomb probe as shown in the fold out. (Appendix A).

';gglgg_Conditionigg.C1rcuit

" The signal must be amplified and stretched to a 1onger .
pulse by a R-C circuit (FigureAIO). This. pulse stretohing will
'provida a DC signal for switching on the solenoid-fqr as long as’ |
the 1,06 n radiation is focused on that quadraht."If'the pﬁlsé '
were not stretched, the solenoid and hence the fins would oscillate
at 10 pps ( the designator pulse repitition rate). After leaving
the detsctor and passing through the isolaang capacitor the:
‘signal. 1s ampl:fied (gain of 1000) and then qtretehed fram 20
:ufnanoseconds to 0.1 second by the ch cirouit. Thus. as. long as

1 4 signal is on one quadrant of the detecter. the power trans;stor aﬁ?’

- for eaeh deteotor quadrant).i_l'

’ 'Solenoidﬁ

dhen a oireuiﬁ 19 aotivated it causes i pu11~t}:o salenoiﬁ

57'ftc rot&te a shaft in a small arc. thUb deflectzng the fin into the

i '{2wind streum as! &hown in.Eigure 9. y,l,_ff; sQf;;f:£}lA'-'"

e s AL o AL il R e e : .
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posifion"_a;t‘ ,thé quarter chord point, VAf"uG-P.-,&- Iiiér-atmfé E
is;earch.mj;:i ‘_disé\zssions with 'ex‘pert“s :\,n .the-fieid. it was L
"Eﬁec*&éd'tlm the' *xavnit.ude e*‘ these momev\ts wouxl ba aatremal*'“i e
i small when ‘compared to the 1.8 pound-inehes prov:lded by the _
- solenoid.. Howsvar wind tunnel tests were det.emined to be the _' o
only maﬁm& ’ho aecurately px*edict the -uaguitu:le of 'Lhese rotation
{~”V[:retardin@ noments. - (Ref 10‘?9). o
' ‘l‘he iull scale barmb am ﬁhe prototypa uti"* i..e a-

7~»'_".’mimma m 2 g lift. ox‘ arag acaeleratmn far gami&nce aomet ons. _ -"::'  ;}-{

N '_ jﬁ"h accalex ‘:,ima is almst mml to t.he 1cnzitt.diml axis oi
L the Vwb f‘i’faf ,..:.izl}. R
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‘f’he aquation for atatie stabllity during flight at
some angle oi‘ attack ( o ) ise -

Cmmw' -

/ ,a V’?A Ci ',"-?'/3[0‘( /4 C (ﬁ*ff) Yz,

| . The _E*Qt,i‘at._iqh can bersduﬁed to |
R T R WAL P
| As: hag“" r = fé}_c L {"‘:*,'7'3) ko

/{38[@90: 3(.5"55' o.; f‘ 3‘,!79)4";& S

- A ! ;

and is therefose ~-§'ﬁia§:arﬁﬁntiu§"alﬁt&:i&f and ai-:*spe&%;‘ '

5-.%‘%’,*4:&:«: ‘itéi.x.l am.im be eh&stww; "‘i*&szarﬁ, bnsex. S

on t?u; wet i'.&eat tms wmzﬁ stau*\ at .&bmst :{)"“ aw&e Ga ati:tl‘nt, I

e i?:?#?'jﬁ}f58-}:;:1?_#?}‘ v.a.j ra:iiﬁr,., i ml sod as- the statie \tﬁﬁ-lit’i
L ar:ﬂ* ‘*"%iﬂka f’a"m'»mem the s, of @m 5w av« 10 squaw
mg@;,; ) {,ugh«ﬁ'n aspect at&g-zn. S.ﬁi 3 1‘1%““““’5 ;n@?& fin Ai—"ﬁ ‘
‘ ,: in«zhes ﬁé«* a5 im: et 19“*‘« | |

“M awalwsiv; *ami n-m ae*-é -rva m (%:m mm TR fiines

ﬁ a‘«‘ 1&& lﬁaeﬂ} *-ma £ %wsam Fest (¥ = @-&}:}a._ : %u?ﬁ:.f et E Y. ‘

Am vu*:iame c@m‘ao‘t:w‘ fome onarated by deflecting the fin




B A TV Sy A PP SN0 PR TP L Te ey NPT L Ve I E RS

AT RIS

SENSEE TS SCFIE P

L= 4 (ac0e)(mo) (ass9)(orss) azy

T 'The guy&gngg fins are: ,,px-ta;; laa.ied te *he emter ne'::.timx, so

' '"mn uhﬁ solavmiei is. sm tched ofi’ tie 11*\3 au@watiwily ratuz-vz

".“-te tba neuml Y}Géliiﬁﬁa

'r%.a guimmca ﬁi{?&l .‘as now ?:mar. ﬁ.aﬂmetm érceawseé .

'hy g guizi*rm« wait, & &i:mal an the u@tﬁe%ﬂr kusr» o v.arﬁs&

B i.retatma of & :;ﬁida'w@ S‘im Lo '23 ";':'

.
fe 3

ot R




eafie/73-2

Iv,. ﬂandfgcta:e

The-abject_.ivea in the manufacture of this guidance
unit were ruggedness. simpiieit:f‘ami low cost, The gpida.nqe
unit is fo*- a BDU~33Bf5 nmetme bo”sb (Figura lﬁ#) This bomb

'-‘_‘:s 2z inahe> lcmg. i’e inahe» in di:meter end woighs 25 1b., It

: ’i‘s surre; El}’ used. by TM‘ im‘ urxs)umeq bg%inv traininex.

ivenslond for ke womplete guldan rie m.s ire *ﬁzmm in.

Eamtsa.&. .i. ~The senker ass&b‘g i3 gomgused of e cailm&im-

By SSe

lens, optical filter, detector nnd holder a2 shown in Paure 15

&
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The double convex glass lens

Co. {Catalogue Ho. %%,225).

was acquired from Elmond Scisntific

It Las a 29mm dlameter, a 26mm focal

longth and is uncoated. It costs $1.25 when purchased singly.

3
4
g
.
il
L% .Y
.

Y $ e e -
Jeeker Assesbly .

i rao R T P L s s
N R dizgeler lenad, sinde the J.Sam necessary ov .

- mounting, leaves #n effective 23.5m (1 4nch) clameler colleeting

1 aehs 38 sl & . Tl ta
depting ares of 705 syuare Inchés, Using

‘a2 s instesd ofa 28,%me (L.00 4nek) Tocsl lenpth gives & £58X¢

£ view af 25.1% instead of 209,

The opticsd Tilter was acquired

Iaboratory Ine. for & coat of

fag & landwldth af shout §,0%

from Cptierl fuating
about §¥9.30 in btulk purchase, It

mierpseters as shown by the gpretrosiragh.
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analysis of the filter (Figure 16). It is a multi~layer interference
filter and runctione as described on page /4. The detector was
purchased in bulk from G & ¢ Techrology for $65.00. The EG & G
detector offers a noise guard ring which increases detector sensitivity.
This increased sensitivity is required for this preject. The

detector 1s biased by a small 100 volt battery mounted in the main

guidance unit case.
The lens, filter and detector are mounted in a holder,

- as shcwn in Figure 17, machined from a piece of phenolic,

= /0 -

"**'——f

7
09% | /375

ty )

3

- Fige 17. Holder

A{There was somé»ooncefn over the nossibi;ity of'having-u'”
-fto prov‘de an elaborate lens- iocuainv mechanism. :HOWeverrr  ‘ )
:i-experimentation with the simpla holder in Yigure 17 proved that
: the holder WS adeqaate.' Tn the GXperiment. the holder was mountad

 :5in 4 vise and Y c*rcular pieoe of paper with a pin hole at the | o ]

1\. ERE R R S




center was placed in either end of the holder as shown in Figure 18,

!
]
u

Fig., 18, Holder Validation Experiment

vA He-Ne laser was then aligned with the holder until
&;} ' its beam passed fhru both pin holes. The beam was now aligned
with the center Axis of the holder. The front plece §f paper
was removed and the lens substiﬁuted. "The laSer Beamiwas diffused
and reaotivated - The resultant focal spot from the colleeting
g 1ens was focused thru the rear pin hole. ”his indlcated that
as long as the lens is mounted perpendicular to the “holder,’ the

f'focal spot. will be’ properly alioned Moving the lens in and

A*ouf as -much 25 1/8 inch produced very little chanpe in the focal':;V

KR ]

spot 3129.5 mhersfore the spucinw between the lens and detector

-
]
by

: was~determinea,not to be too critical. In’ fact,” it was decided »
'fto-plaqe the detector slightly 1n31de the focal 1enpth in order f;

-tolincrea 5@ the Spot a129. Thus. if the spot were straddling

| '74’_-‘,31
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two quadrants, both quadrants would sommand guidance simultanously
and provide the proper vector direction for optimum bomb guidance.
The suggested method of mass producing theée holders would be
plastic molding using a suitable plastic.

The seeker assembly is mounted in the gimbaled probe. The
probe bedy is a five inch long pieoe of 1.5 inch 0 D. thin walled
_aluminum tube, The probe tail f1ns were cast from epoxy Tesin, -

jThe fin (Figure 19) is & incneq in diameuer and 1 5/8 in*hes thick

and was fracture tested by dropping it from a'aovfoot helght,

The fin is epoxy-glued to the alﬁminum'body; fﬁe leading edge of

the fin is sharpened to aohieve decreased: dra and 1norsased stabilitv, ;:t
" The entire probe carn be mass produceﬂ as one. pieoe from a Dl&btlc

S
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The probe is attached to the bomb by the univa_réa_l
gimbal shown in Figure 20.

o Eg, 20, 'mvmi Sabal

N i e R A

f’l i et‘ 1on>~e. mﬂit dmm ﬁw uente*ﬂ a*sd 5?)!’%&» cm ene ah&, ‘Eiﬁu&%

'..-f_}oming a yc.\xe; A rime, / im’:n lom. mzt f"a-a A 1 125 :sxx_gi;, '

éiamtsr '&I\L‘z::iﬁu tuha 15 mmt mwhuy e}. iniicsaily m\. msts‘

"f-‘.z" th & m.m\r 53;5 of the oval fmsicie t‘m voxe, ’I‘m 1enbth ei t‘in:

--sajur A.ﬁs is me ms*ae iaa:@ter oi‘ t&w 1.3 im ﬁimete* tm

t.sea wr the pm&e iscdy, ‘.»:.m ot&:ev cmn ::a "&‘m 31’8 imm uipe .\s

:,' threaé_ed \difh_._amnﬁa':ﬁ lmbing, w&s an':. *erewd m a 3}3

. ta 1;‘.& u:ch ;n,g:e »oupl.ng.- “”.@ aipe ccupnn;g is cpa:q»g‘lue.i in
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,A ‘the .nose of the mai-n case. Thus the probe o gimbal can’ be rep‘laced |
. ’A:__when naoessary by smply unscrexdng the gimbal. The gimbal yoke :
' canvba masy p-mduced by casting. ‘I‘he pipe coupling can be: replacéa R
.. by 8 threaded boss in t&e main case. msking manufacture eas:.ex* &nd
- less erxpansive. S ’4 ' - N
_ ' The main case is cast :m oxne niece irom i‘iberglass, |
'.& ,..athe turnad wooden plug is useci as a fom on uhieh one eigth
ineh of: f:.bew;a% is mppem bft&t‘ the easa is eure&. ﬁn a;.le s
ErS ; ;;‘...;hearmg poz-ts (.?5 irah di&metar) are érﬁle:i a8 shawn i!’k &ppam%x *‘.._ '[ S
.’ ;-é i\i‘th port 1.- drzlled in tha nose W 3acapt; the pipa cempler -
| by ahmn tsze ;:imh:\l at\,&ch@s. :' ';‘.‘ha Mse is plamsd an qu ei‘ ths )
_ '_f'j' JJH-J &lﬁi aﬂa‘«y—fih i\x 'wursé ix* the top fmlé. }‘nis ifmﬁ
- _a bu.ilt \sp. mm f\ittm,,, attackue?at ?i«!% sax* tim casa tn %aer-a

| ""’i?fiteom&&tioﬁx.v é sost;:‘ag on the 3§J~3'~3 gir&ve%s t;m e;my f‘x\ws BT

o Stic'(ing i:a ti:e mai:. ’fhe wtm ef‘ t}sﬁ wzia Ga&ﬁ s slotw

'_,as sﬁew .‘m Figwe ‘*1 se tha?; it csn i:e dwaw \m bj a k.ses& clar*p

_'_&m mviw 3 s%tro*w :&ttaem"&ut a\x ti*é g4m1~ce L..ait to the 3:}%:-33.

SN f‘:sm ahge»me e&w naﬁis;;z mm wﬂ‘i m um on *\etm m&la is

,descr*bed cn }ﬁ@é 48 . SRR : e
' ﬂ*gm mqmz M‘a ikw cewct.ar 13 ;ﬂmmﬂm ﬁ“’“ the

L hoa ew %im%sal ta ﬁm as:;:lis‘ier b; - sm’g.‘! dammr cmi..l cshi&. o

  _"'§1€ aanlﬁ‘ e avﬁ! nulse St.ﬁ!ichéi’ are wade: up on t-w J.»S imh

L A.;Gﬁsmeter cimula» bmagi tmards. as. 3\&4‘33}1 m St 2~. Ihose-v »

had
el Lo e N K Lo - -2 e A Y e N Ny




boards oceupy the frcmt. two inches of the gtnciance case. 'Ihe

amplii‘ier--pﬂw straetcher operates as: des ri‘ *d on pages 9 and 20
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| ‘Thase-oircuits:ean-easilj be'reduéed to ohe*boarﬁ anﬁ
' "thereby reduce the length of the guxdance nnit main case by 13
‘inches, This oircuit has been successfully tected under a temperatur |
rangé of*-SGVC to 1509C. ihe cost per ch&nne. is about 312, - Thus jA'n

| vhe fbur chsnnels cost $~8 whan the required parts ars parchasadi
i',f?in snall quantities. There is an altarnata eireu tg described en _
'{iipags 48. wbioh was des&gned too late to be»placed in this protongpe. ;VV
iIt iﬁf:ora cemaact and ass expensiva (about.$¥ par cirouit).A

he si?nal lsaving tha p&use strﬂtcher was utilzza&
'f;to turn en the paxer *ransistor ‘ *b& pamar transistor eloses
~tha e‘ruuit anﬁ pravides uurreﬁt te tha pn*l typa seleraza. ﬁheﬁ
‘*fjthis sﬁlannid Fulls in‘ it “atate< the huinangs fias into tﬁe

'rélatige wxnd.] iﬁe aléa¢$us { hra 33‘ sre xauhfactur§é bk

%R;Ia (ko E* iﬁznrwittant b V“" l.a ﬁﬂ?b} arg’ cas* ”3-3? 63@?

huﬂﬁ ?ﬁrn&aseﬁ ‘n ;ﬁal* quant tg.~ gﬂﬁy yrsvﬁae 1% peanSS af hﬁlﬂina

-'"”.v?ﬁe *han activa tea,f"
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Tvio solemids are mountad ;aciug eaeh wther on &

i‘rame as shomx in F‘lgnre 2& &nd operate as. deeoribed on page 19.-

b‘;s;. é«h K‘irs ?war ?&emg&f

mias gk}wr g&amge is :rawrt@i “6 ti*.at the ax&s of t&*a

B mﬂf wo ds are m‘. v..iﬁ. mgl@ tu» tEu‘s i!i mxlx* »miz.h 13 ﬁriws.
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_*z!s.m.- ey - wa x“iu s¥a mt m;t‘ sateﬂ. Aig. ,» mzs { l ‘ih

-ﬁt *‘zdl cmpre:sieﬁj g‘amtam awmi the so&ex\nié am“w p*wiae e

\ésa axle *e.% rxttwiw& 9 zﬂata &8 s‘w in F&qﬁm 2&..

“hus ®8 - um sulamﬁ haft m.Ls bac feﬂz\ ‘w ’ e

iew " ..é *‘m M m%st.e at i.tae peim whepe it conneets wim %.Sw
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'-them in t&a‘m&i‘n case due to the case _taper._' This taper was

necessax\r to facili tat.e removal of the case i“rom the wooden forme .-

The fins wore coustructed o*‘ 1/16 inch 202& aluminum‘ :

ATnay ware bant up 3/1# inch- on both long edves to pmvide rigidity"
".under 103&1:1&. As an added bsenefit, this bend s.nso rednces -
Tse:*cdynamic curl by prov:.d.mg a mnce “cr the alr flew " The
' leacimg edge of tha I‘m was sharpened to mprove f.he staaility
L _and air f}.ew vhamctemstics. The fim nt. :mto slot :m the
axle am‘i ars held in placa by tw swews as smwn vn "‘.gwe 25.

..?op rivet,s are suggostud -mt&ad ox screus fe:* mass préé&xqtign.ﬁj-' .

Figh 25 Fins Nounted on sxie .
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The -ne‘akeci-«-do;m portrm .6:‘ ;'thé lever slides Ainf.a a
hole in tha’ nicile of the fiﬁ axleA and is hsld'-iﬁjby‘the arranzement
inaide the césee - Shoum on the axle ‘are two se—lfi 'alignin? bﬁarin?S. -
It has’ been axperimentally det.erminad that cheap (10¢ to Z‘Of*) ball
baa.rixxgs 2en Tk ecE . t.he nors. axpansive s.sl.‘ 'nligning bearings
fv_'.shom i*\ Fi cury 2&. o ' "
:.ha ezzaibi'wd mw' 9&:‘{3 2 wnd Ly ame*ibly are. sho'm

B :-..n ‘-‘1 gure 26 aﬁ: tha;, atuh 0e rmmted in t,he main m%e. ; |

:‘in 2&.; arsmbléa ‘w‘;r Packs . E‘.m ﬁ\. A_&ﬂg{ﬁ R

N s .7

: . Tha g: wer 0 m*im t&w aﬂle-%aias smi the am,gi :wr-
m&sa st.retch:i** aircm% is ;mvium b:,ﬁ ni-w wlt 1agztex'-1 wyww .
\.h:.ciz ﬁmpﬁ us;der ?mad :mu uinw:im & wm ‘f s:bs vens. mmmy
mis m‘etawpe mvidg@ ﬂpaaa o & sp@ttﬁl“g »:im-,s m't&m. E-,‘»E}?J‘-E}

LI

ts:l asgtia_n;,. ; Il:a guiwme nmt is wunla& t»u »‘mrs %«33 by use
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ol a % ineh hose.clamp. This method is Sinn‘e, rugsed: and

‘inexpansive.v

The total cost ol this guidance unit is skewn in

“fable 1. %ome par* casts rust be estimated as those narts weres

Vconxtructed frcm hasie materla_.

£

S Bstteries - © . . 2,00
LoHeldey . ol L L50%
CYemr . L0 o . 1.25
COFRter o L L 9,007
S Patestor . - . L 63,00
Cefwrobs S T 1,00
Maiw Case 0 o 3.00'-'*'”
Cirouits. = - . %&,00
Foleneids R & W< T
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V. Alternzte Mathods

2 promising alternate method wes considered for providing
power for this guidance unit. Iack of time and sufficient data
prevented its full exploration. This method is presented here
as a possible means for reducing the cost of this guidance unit.

_ The idea is to utilize the dynamic energy in the relative
wind paésing the falling bomb to power the guidance fins, This
Qould require converting the passing wind into ram pressure as

shown in Figere 30.

Lever Pis tOn

Valve

ALY L‘\"\_‘\\\\\

L Fin - L Ram Tube

§. .+ Fig. 30, Ram Alr Powered Fins

43
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GAW/MC /732

The ram pressure would be controlled by solenoid
actuated butterily valves in tha leading part of the ram air
tubes, The pressure obtainable on one square foot of surface
by air passing at 760 ft/sec may be calculated as follows,
(Ref 7:54)

Pe w¥¥e

* ' P | |
, , / ‘
P= /55 /5/:‘-'1‘2 . (16)
Therefore, Zf the cross sectional area of the ram éir tube is

one squave -inch, one could achieve 8.01 1bf on a piston in that

ram'ai: tube.‘rThere wili beVSOme loss due to changes in alignment

“between the relative wind velocity vector and the ram air tube

as the bomb falls. Other loss will ecour due to a decrease in

the effective ram tube cross sectional area @s the boundary

';;1ayer.bu11ds-u». Howovar. aven 1f ‘the 1osses were 504. {4e, if

"only b lbf were useable\ sufficient,force‘is still'availablg-,;i 

'113to power the fins.

One method to reduce the misali&nment betweon the ram f

| air tube and the relative wind is to-make the leading portion -

- of the tube flexible and attach it to the probe assembly as shown
{fiin Figure 31
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Lever r Flexible Extension

— Piston

Yalve Probe

o “\\‘v‘?;\‘&\.

| AN AN AN A A A
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| WAVAYAYINA

rige 31, Alignment Method

s
Ry

Since the probe is always aligned with the relative

‘wind the ram air tube will then always be pointed in the proper

direction, The ram tube, froﬁ the probe to-the main guidance‘

~ body, WOuld be flexible (ie..plastip) and would siide’in'gnd,outﬁF =

of the ran tube in the main - guidance section as necessary, to a"'

'11allow the- probe to align with the relative wind.- There could

:»‘be some binding problem here but praphite or some similar 1ubricant

should solve this problem. This idea was ot :t‘ol_lowed wp due to

:~:{a lack of data on the magnitude of the misalignment one oould _
 f;expeet between the ran tube and the relatiVG wind._ Bomb mountéa';'
A1 taken during the fall of a full scala laser bomb ind caﬁed 7
'.that very large: osoillations can be expected. N&nd tunnels_wérex

’i _not avgilable;at-the-time"to,test‘a.mpdel.ahd'nQ available §our6e8'

us
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could make a prediction of the magnitude of the misalignment.

Should this method prove useable the cost reduetion would be around

10% and the unit could be made about six inches shorter. Also

maintance and storage costs could be reduceda.

The third idea revolves around buildinu a main case |

‘that would urov1de for easier ‘repair or mass prodxction. Instead

of being fabricated entirely fromtfiberglass. this vew main case wouid SR
be.composed»of a'h-iheh diamefer aluminum tube with é:fiberalass o
‘icap. ‘The cap and the tube would be 301ned by epoxy ylue and machine ix -

screws (Figure 32)

Segmented éki?t' _ égting ?iﬁg e

e .R-I~Bearinu ports .T‘»j}#ﬁ;?hréﬁ§ed3§§§$”“:
-“L“f;Fi§;132; ain Casa - S e

This naw. desipn has the advantags of providing fcr

b»'j:;easy aacass to the electron1c package far assemblv~or vspazr. §l§03~5j:"

R
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the all fibergless case has a 1° longltudinal taper to facilitate
? o its removal from the wocded fom. 'I‘his taper proves to be.a
‘g‘ - problem when fitting the solanoids into the case. To ‘ve_able

to assemole or disassemble the sruidance unit from either end of

'the main CA e wauld be a distinct advantage. The price should
. be about the same as for tha all f:.bergla.os case.. »

R 7 A nsw. mwer cost amphfier circu:.t {I"ig,m*e 33) uas
'"l'_';develcped too late to be dncluded 4ni this’ protctype. it unnzes

| ora comnonents but the imiwidual comnonants are all lower acst

L T N T

_1ta NS, Thi*‘ circ'\\ité.; xaot including tbe detactc . cost ‘abaut

\

$§.QO \mev bttil‘h \‘“wi s:.ngly pu&*ehﬁksed componem:a. 'f‘ni:; smli;ie?

504 more ;;:Lin nhe.h t‘;a one. no'.-‘ in use,- ’*‘hi;,s s aeeczplish&'i L
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Theoretical Spot Size | | i

“Using the Airy disk relationship: .
|

d= 247 5 S

dﬁ (249) (2e) (1.06x5°8) ,l
- 2ss |

d=244 %0 3m
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Vita

William C, Ayers was born 13 July 1941 in Nashville,
Tennessee and moved exiensively during his early years. In 1963
he graduated from the Air Force Academy. Following graduation, he
attended pilot training at Webb AFB, Texas, and was assigned as a

T.38 instructor at Williams AFB, Arizona, In_1968, after completing

- some 2500 hours flying time, he was réassigned to fly F-4's at Georgs

.AFB. California. Cam Rahn AB, Vietnam followed next whore he flew

combat until Cam Rahn AB was closed in March 1970, Upon the closing,

 Captain Ayers was reassigned to 7th AF (Tan Son Nhut) while continuing

to fly combat from Phu Cat AB. Vietnam. During his tour he flew a
totél of 128 missions in SVN, laos, Camb§dia, and 3 in NVHN. Following
AVietnam he wasAréé§signed to Fdts in'MisaWa,;Japén with numerous »
ToY's to Korea. Miqaﬁa was closed'in May7197l and Captain Ayers‘was ‘
assigned to AFIT residence school, Dayton, Ohio in thoe Graduate Air
Qé&pons pfogram, | v - - -

-

‘Permanent Address:  Capt. William C. Ayers
\  P.O. Box 229 )
Mclean, Va, 22101
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