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HISTORY OF THE MARK 4 BOMB (0) 

This history recounts the reasons why the 
Mark 4 Bomb was needed, and tclLs the story 
of its design and development In broad 
outline. . 

Information Research Division, 3434 
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- Figure 4, Nuclear Insertion -- On Ground 

An original version of the ground insertion 
process. The-tripod was removed before the 

bomb was installed in the plane. 

Figure 5. Nuclear Insertion -- Inflight 

Inflight insertion version. Baskets to 
hold the high-explosive sphere segments; 
arms to hold the nose plate and polar cap. 
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TIMETABLE OF MK 4 EVENTS 

Initial consideration of weapon. 

Z Division of the Los Alamos Laboratory organized - Mk 4 
development started. 

Z-Division representatives started move to Sandia Base. 

Issuance of Z-Division progress reports begun. 

Mk 4 Bchedule defined. 

Initial practice drop made at the Los Lunas Bombing Range. 

interrupted^°aSr°,da " " * 4 

Atomic Energy Act passed. 

Z Division consolidated at Sandia Base. 

First half-scale Mk 4 drops conducted at Salton Sea Test 

Sandia Research and Development Board organized. 

Laboratory beCOm" San*ia Branch» L°s Alamos Scientific 

Slyed?" SandSt°ne " the Atoll - Mk 4 development 

Mk 4 Preliminary Evaluation Report issued. 

Mk 4 weapon enters stockpile. 

UNCLASSIFIED 
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Chapter I - The Design Task 

' • 

The HK 4 weapon ... the f£rs( <t0>ie bomb ^ ^ f • 

Of ordnance as contrasted to a laborer , P Ce 

•«ly when assembled and „s.a by hlghly t 'n™ --"/-"I" properly 
y nigniy trained personnel under closelv 

controlled conditions The i 
1945 short, , " t l , l!  b°"" ™<" «rl, in .her 1, -Iter Ce wartime ^ ̂  ̂  ̂  

L 7 °°""^ ""P°" hai «»" <"* '56! af cer' its 
re„i„g number) bed been tba Par „a„ 1„ reoognitie 

t ""Ch P°"""d ' , Various 
Manner, subsequently asa lg„ed Merk nomenclature, but there is 

some question as to the precise definition of either the Mk I or the Ml II 
designs. The version of the Pof v 

after the end of the War (Co th bT ̂  mat ' jfaCtUred Md sto^piled 
(to the basic wartime design) was called the Hk III..1 

-iir:/;;:!:;:1-:?1 ~y-—-- «<• <« 
oould be used in combat by a mi 'h" 
caoaMHn f ®ilitary team of average training and 

bilrties-.it was hoped to develop better „.„,f.eturi„8 and assembly 

c orques and to cleanup ,ar8l„,l ballistic and vibration character ties 

«rvins ̂ —• *• 
but toward the end of-f°r '  ̂  ^ ** ** *" 
Arabic! v Program the Roman numeral was replaced by the 

Mk 4. |1Un, er  ' and W6 WiU- refer to the weapon as the 

haiitstirr::;:;;:;';;vm£ive" c°desisn Mi <" v«to„s 

the hieh , " lnvesti8ation of internal pressures within 
high-explosive sphere, redesign of detonators for easy installation 
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sod the proper for sfficisot ^loIlotl. 

There studios, « fir.r cerried out in different p.rts of the Los 

Laboratory* w.ro conaolidated in one orgauizstioo A„g„sc 2, W5, when the 

D1V'Sr °f "" ™ «— to carry, on antivirus of ordnance 
design and dslivery of atomic boobs. J.rrold Zscbarias, who had been 

active in the radar group of ths Msssschusotts Institute of Techuology 

Radiation Laboratory, was aeleoted to head this pew organiaation, the 

Z nomenclature stemming fro. the first letter of his last name. 

The broad area of responsibility of the now Division was indio.t.d in a 

memorandum dated August 6, 1«5, fro. Dr. gaoharias to 1. Robert Oppenheimer, 

rector of the Los Alanm. Laboratory. I„ part, the memorandum read: 

"With the organization of 2 Division in soch a fluid state, it 

is tempting to put nothing on paper. The Division ie likely 

to become larger and to take on so many duties of so man, 

different divisions that a more vertical organization than 

is usual in Project Y [Los Alamos] will have to be sought." 

Or. Zachatias then proposed an organizational breakdown of the Division 
with work assignments as follows: 

Z-l, Experimental Systems" Engineering, to perform airborne testing, 

a listics, aerodynamics, radar, and informer or telemetering work. 

Z-^, Assembly Factory and Procurement, to procure, assemble, and 
P weapons. 

ts and detonators. Z-3, Electrical Engineering, to design firing circui 

Z-4, Mechanical Engineering for Production, to be concerned with 

general engineering changes, and-most pertinent to this history-che 

coord ina t ion  of  development  o f  s t reaml ined  gadget"  ( i . e . ,  the  Mk 4 ) .  

Z-5, Electronic Engineering, to handle fuze development .  
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Br. Zach.rla. p«dlcted th,t aom4 of ^ oouu ^ ̂  ̂  

ot chat the engineering people would probably ramai. .t Lo. Alamos.2 ' 

"" AU8"f 8> I545- ^ «* also last-Pat Man weapon T ' ""d lc"""" "*s the '•>—« of Kaeas«kl. 
. memorandum was released which outlined rhe Pat ta design problem in 

considerable detail, pointing out t-ha+ * P inting out that it was necessary "to simplify and 
render more reproducible esse^ly of FH, ro improve ballistics of PI, to 
Incorporate simplified .,d developments of rbe individual co.ponlnt, » 
»» .tory retirement, mere to • ut.i. the ability to monitor the weapon 
• ery and electrical system while the weapon was being carried to the 
t.rd.t and to keep the meepoo small enough to fit into th. B-zp bomb bay. 

citable objectives .ere to provide rapid bomb assembly, permit testing 
inspection without disturbing component parts, alio, shipment of a 

mplete weapon (less detonators and nuclear material), provide 
r to protect the bomb .gainst shrapnel, and maintain dry air within 

the weapon. Thus, the t„k i(£1,M md ^ ^ 
development work. 
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Chapter II - Early Development 

It now became necessary to provide adequate space and facilities for the 

work of the Z Division.. The first step in this direction was taken in 

the fall of 1945, when the Engineering Division o£ Los Alamos was requested 

to design a testing laboratory. This laboratory would simulate on the 

ground the conditions which bombs and components experienced in flight. 

This testing laboratory was subsequently built and proved of material 

assistance in the development of the new weapon. 

Meanwhile, a proper work location for the assembly group, Z-2, was being 

discussed. This organization, which was largely staffed with military and 

Civil Service personnel, could be administratively separated from the rest 

of the Division, and required an area convenient to air and rail trans­

portation. A logical spot was the former Oxnard Field, the original 

Albuquerque Airport (now called Sandia Base), which already was the property 

of the Manhattan Engineer District, having been obtained in July 1945 for 

the never-consummated objective of providing space for temporary storage 

of atomic-bomb materiel during World War II. A meeting was held.at Sandia 

August 29, 1945, at which time it was decided to transfer Z-2 to Sandia 

Base. It was also decided to remove the W-47 Flight Test Group from 

Wendover Field, Dtah, and bring some of these personnel to Sandia Base^ 

After further discussion, it was decided chat weapons production and test 

activities would be concentrated at Sandia and design work at Los Alamos.5 

The first Z-Division representatives moved from Los Alamos to Sandi.a Base 

September 2/, 1945, and on the following day Dr. Zacharias inaugurated 

the practice or issuing monthly progress reports.6 The initial report of 

Mechanical Engineering Group, Z-4, noted that work on the Fat Man was 

directed toward making this bomb a more reliabLe and serviceable weapon-more 

re en0ineering task than a radical redesign of the entire gadget. 

UNCLASSIFIED 
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C Gadget- was a common term in those days for an atomic device.) The report 
pointed out that the Mk III had to be assembled component by component, while 
it was .hoped that the new bomb could be put together in fairly large 
subassemblies In line with this objective, a start had been made in " 
consolidating some of the electrical items into a "cartridge" that could be 

erted into the weapon as a unit (in the same manner that a cartridge 
was inserted in the chamber of a rifle). 

conference between military and Z-Division personnel had meanwhile been 

held at Wright Field, Ohio, September 21, 1945, to review aircraft capable 

of carrying the proposed bomb. The B-36 long-range bomber was in the last 

Phases of design and was nearing the flight-test stage, and several jet-

propelled medium bombers were being developed. However, the B-36 had a 

relatively low top speed, and the jet bombers (at that time) were restricted 

in range, so it was concluded that any immediate redesign of the Fat Man 

must, of necessity, keep the.B-29 in mind as the delivery vehicle.7 

A Mk 4 planning meeting was held October 4, 1945, at which an optimistic 

schedule was laid out. The coefficient of expansion of the high-explosive 

sphere was to be determined by November 1, 1945. The external shape of the 

bomb and the elements of the firing circuitry were to be settled by 
ecember 1, and the sphere assembly ana mounting were to be designed by 

December 15. Drawings of the tail, the cartridge, and the electrical 

equipment were to be prepared by January 1, 1946. Handling equipment was ' 

be available by February 1; full-scale drops were to be started March 15; 

a pit and sphere assembly was to be completed by May 15; and the entire 
bomb was to be ready for stockpile production, with all problems solved, 
by July 1, 1946j 

It is obvious ... that the 
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1 IOI tuS COrncl el" erf hnmK Jc t*m estimated date of July 1 the completed bomb is contingent on the 

progress made with the pit." However, it was understood that, should 

the nuclear design be produced, the weapons hardware group was to be 

ready with the rest of the bomb, and the Z Division swung into high 
gear. 

During design of the wartime Fat Man, there had not been enough time to 

make a thorough analysis of component functions and their relationships 

to the overall weapon system. A study was thus started, covering the 

circuit elements of the bomb and the part played by such factors as 

simultaneity of switch operation in overall efficiency. Ballistic 

problems, further described in Chapter III, also were examined. To 

meet this need, a field-test range was secured, arrangements made for 

wind-tunnel work, and special telemetry apparatus started into design. 

Improvements were made to various elements of the firing system, notably 
t*ie ^-unit, which created the high-voltage surge of current that fired 

the weapon detonators. The wartime implosion bomb had been equipped 

with an X-unit whose capacitors were charged to approximately 5600 volts 

before the bomb was released from the carrying airplane. This not only 

created a hazard to the bomber crew, but made it necessary to pressurize 

the X-unit to prevent internal arcing at bomb release altitudes. A safer 

and simpler X-unit was designed, which was charged after the bomb had 

fall en.to its fuzing altitude, a safe distance from the strike airctaft. 

Detonators were modified for easier installation, and much attention was 

paid to the design of segment molds and the lenses for most efficient 

implosion of the high-explosive sphere. Extensive tests were made of 

face pressures between high-explosive segments, and studies were conducted 

of improved systems of detonator cabling. The protruding Mk III (Yagi) 

antennas were redesigned to be recessed into the flattened nose of the 

UNCLASSIFIED 
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bomb, thus simplifying weapon handling. So-called "Dipsy-Doodle" flight 

tests were conducted to determine the effects of signal interruption on 

the fuzing and firing system, and r-inor improvements were made to radar 
units and to the clock box circuits.6 

The entire Division compiled lists of needed personnel and prepared plans 

for anticipated space at Sandia and Los Alamos. Many Division members 

were military representatives of the Special Engineer Detachment of the 

Manhattan Engineer District that had been formed to assist Los Alamos 

scientific personnel during the war, and efforts were made to interest 

these people in transferring to the Z Division in a civilian capacity. 

This acceleration of effort continued for several months, only to be 

slowed down (in the design area) by many circumstances. One of these 

was Operation Crossroads, the first postwar full-scale test of atomic 

>ombs. This operation took place at Bikini in July 1946, and many 

people from the Z Division were assigned in the early months of the year 

to help with the work. A second factor was loss of supervisory person­

nel. As an example, Dr. Zacharias returned to the Massachusetts 

Institute of Technology on September 28, 1945 (to be succeeded by 

Roger S. Warner, Jr., previously in charge of Z-2B, "Production 

Schedules and Manuals").6 This was the first of many such moves, as 

in the next 15 months, 8 out of 10 Z-Division supervisors were to leave < 

and be similarly replaced. A third item was the loss of trained military 

personnel as postwar demobilization got under way in early 1946 and 

career officers were returned to prewar commands. Finally, the lack of 

specific directives for new bomb design and production, and the general 

dearth of needed facilities impaired the progress of the overall work. 

NCLASSIFIED 
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When the Crossroads contingent returned to the Division in the late summer 

of 1946j work on the Mk 4 was resumed, although at a somewhat slower pace. 

The Crossroads test had Included an atomic device detonated under water, 

and the success of this explosion against target ships resulted in a 

demand for a penetrating weapon. The work on this latter device resulted 

in manpower being diverted from the Mk 4 program. 

The passage of the Atomic Energy Act, August 1, 1946, resulted in cancel­

lation by the Military of plsns for Sandia buildings and facilities. The 

newly created Atomic Energy Commission could not immediately act to counter 

this cancellation, and securing needed space for the Mk 4 effort was 

delayed. Supply problems were aggravated as a result of the physical 

separation of parts of the Division from Los Alamos, with the Z-Division 

Progress Report of October 1946 noting that daily operations were "continually 

hamoered by an inadequate supply of the common every-day types of electrical 

equipment ... such things as ordinary rosin solder, hook-up wire, etc."^ 

The need for this new weapon was, however, becoming more apparent, with the 

Division Leader reporting on November 29, 1946: "As' we reach the end of the 

1561 FM stockpiling program ... we are finding more and more subassemblies 

which are marginal .... In certain cases where we have taken steps to 

bolster one weakness, another develops, and so on ad nauseam until we 

reach the stage where by physical handling xnd reworking the component 

is worn out before it reaches the stockpile .... Because of the low con­

fidence- I have in the 1561 gadget, I requet: the Tech Board to permit me 
8 

to carry through with the Mk IV test program under forced draft." 

Consequently, by early 1947, work was again moving forward and progress 
9 could be noted. A full-size Mk 4 prototyre shape was built and used in 

the design ox handling equipment. The Z-4 group was moved from Los Alamos 

to Sand, a Base, thus consolidating the ent e Division at one location. 
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«r. Varb.r bK. the AfCs fir.t Director of Ensine.rihg ,„d replaced 

ea heed of the Z Divtaloo by Robert W. Henderaon of Z-4. The Armed Forcea -

Special Weapons Project »as created to handle military functions relating 

to atomic energy, with an office being established on S.ndi. Base to * 

provide liaison with the Z Division. 

A date of March 15, 1948, was agreed to at a meeting of Z-Division super-

visors on April 16, 1947, for a "proven Mk IV bomb ready to be procured in 

quantity by Rocd." (Road was a general code term for production and 

stockpiling activities, as the fact that the Division was producing atomic 

weapons was highly classified.) • The meeting report also noted: "A 

tremendous responsibility has been given to Z Division to have this bomb 

by the above deadline because either the Mark IV is ready by that date or 

all work must cease and a new project along different lines must begin." 

(Official recognition was thus taken of approaching new weapons programs.)" 

All groups were requested to determine their manpower needs and to make a 

realistic estimate of any additional personnel required, "realizing that 

'lO thC have been found» a 45-day delay for clearance will 
follow." 

Mew employees subsequently were added to the Division. The cartridge 

design was completed and started into production. A thorough study was 

made of the proper location of detonator cabling. The sphere design was 

P ted, and the assembly of the sphere to the outer case was checked 

out. Investigation was made of barometric switch operation, including 

the proper location of external ports in the outer case to provide 

p ssure sensing as the bomb fell toward the target. It became neceisary 

seal the outer case to control this pressure sensing, and different 

g methods were proposed and tested. Handling equipment and storage 

containers were designed and built. 

UNCLASSIFIED-
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The above effort was compounded by the necessity to provide parallel 

designs for mockup or dummy units. . Detonators, for example, were built 

with inert charges so that they could safely be used in .irial sphere 
* 

assemblies using, of course, dummy high-explosive segments. Various 

operational units had to be simulated by dummy weights so that these 

could be attached to assemblies being given shake-table tests. 

The Mk 4 work was later delayed by another full-scale test, Operation 

Sandstone, which was held at Eniwetok in mid-1948. Mr. Henderson headed' 

up the engineering phase of the operation, and Z-Division personnel were 

assigned to various Sandstone functions. However, as the year 1947 drew 

to a close, the following accomplishments related to the Mk 4 weapon 

could be reported to Congress in reply to a request for the status of 

nuclear ordnance: -

Selection of an outer case with improved ballistics; 

Progress on a new fin design; 

Development of a new antenna system; 

Development of a cartridge-type assembly to contain bomb 

fuzing components; 

Development of new handling equipment; 

Preliminary studies of a new radar and electromechanical fuze; 

Establishment of a mechanical test laboratory; and 

Extensive work in the field of telemetry.** 

For some time there had been proposals to separate the Z Division from 

the rest of the Los Alamos Scientific Laboratory. Los Alamos interests 

were basically that of an experimental nuclear and scientific laboratory, 

while the Z-Division work was rapidly assuming the aspects of ordnance 

design and production. This trend brought about the appointment on 

1 .  
2 .  

3. 

4. 

5. 

6 .  

7 .  

8. 
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December 4, 1947, of Paul J. Larsen of the Applied Physics Laboratory 

of the Johns Hopkins University as leader of the Z Division. As one step 

in the process of creating an independent organization, on April 1, 1948, , 

the Division was named the Sandia Branch of the Los Alamos Scientific 
, v. 12 Laboratory. 

The March 15, 1948, deadline for a completed Mk 4 design had meantime been 

postponed to. October 1, with production predicted to start January 1, 1949. 

A decision had initially been made that the Mk 4 would use Archie radar 

units (originally called "Tail-Warning Charlies") of the Mk III Bomb, but 

an improved design called Abee had been developed and would be available 

by early 1950. 

A major coordinating agency for the ordnance effort was the Sandia 

Research and Development Board, later to be named the Sandia Weapons-

Development Board and, still later, the Special Weapons Development 

Board. This Board was made up of military representatives from the 

Armed Forces Special Weapons Project and civilian members of the Z Divi­

sion, and provided a common technological meeting ground. This board 

greatly assisted in bringing a combined civilian-military judgment to 

bear on atomic devices, and this composite point of view was to be of 

the highest value to the Mk 4.and subsequent weapons. 

The first Board meeting was held March 12, 1948, with Richard A. Bice, 

Manager of the Sandia Laboratory Engineering Department (SLE) and 

Project Engineer of the Mk 4, being named Chairman. Early meetings 

devoted considerable attention to the Mk 4, with the suggestion being 

made that a system for inflight nuclear extraction be developed so that, 

if a mission was aborted, the airplane returning with th= bomb could 
13 

not cause a nuclear detonation during a landing accident. 

UNCLASSIFIED 
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In the meantime, at Rirtlsnd Field, members of the Tactical and Technical 

Liaison Committee, established by the Air Force in connection with the 

atomic bomb, were also studying this subject. On March 26, 1948, the 

Committee recommended to Air Force Headquarters that both insertion and 

extraction of nuclear components be provided, pointing out that such design 

would increase both aircraft and airport safety. The practicality of this 

insertion and extraction operation had meanwhile been demonstrated by 

members of the Z Division working inside a parked B-29 at Kirtland Field.14 

This subject was further discussed in the Sandia Research and Development 

Board meeting pf July 20, 1948, in which it was noted that the problem of 

extraction was of concern, but that it was necessary to freeze the design 

to permit production to proceed. Accordingly, action on the problem was 

temporarily deferred.15 

Meanwhile,•international tensions were increasing. The Communists had 

seized Czechoslovakia and were being belligerent in Berlin, where the 

Western powers occupied part of the city as an island in the midst of 

Soviet-held territory. As a result, the Military Liaison Committee 

urged that production and stockpiling of the Mk 4 be expedited.1^ The 

Sandia Research and Development Board discussed assignment of priorities 

for various atomic programs and, in a meeting May 6, 1948, urged the 

acceleration of the Mk 4 by every means possible.1^ Working at high"" 

speed and under overtime schedules, Sandia released portions of the Mk 4 

design as they were completed, and by mid-November 1948 the entire weapon 
18 was in production. 

It was felt that the Mk 4 could be stockpiled by April 1, 1949.19 The 

Preliminary Evaluation Report for the weapon, which provided an engi­

neering examination of the bomb and gaged its success in meeting 

•UNCLASSIFIED 
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specifications, was issued January 15, 1 

test and handling equipment for military 
20 ^ 

emergency use. As a result of this i_n 

Bomb entered stockpile March 19, 1949 21 

549. A crash program produced 

training and for possible 

tensive effort, the first Mk 4 

TTNTfT 5^ 
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Chapter III - The Ballistics Problem 

The problem of Mk 4 ballistics received 

had a diameter of 5 feet to accommodate 
Y i 

early attention. , The Mk III weapon 

its large explosive sphere, and a 

enable the weapon to fit into the 

was initially used, and this design 

proportionally short length (-11 fast) tc 
•» 

B-29 bomb bay. A 5-foot-square box tail 

was only marginally aerodynamically stable after the tail structure had been 
internally stiffened and braced. The ballistics group at Los Alamos sug­
gested that the center of gravity be move 

that the body and tail be streamlined to 

provide lift rather than drag as a stabil 

ed as far forward as possible and 

the utmost. A tail design to 

Lizing force was advocated, as well 
48 a structural design to minimize vibration and flutter, the location of 

internal components for best static and iynamic balance, and the elimina­

tion of external projections that might :ause turbulence or parasitic drag. 

The report noted that the Mk III had a low ballistic coefficient., that 

this figure should be increased to improve stability, but that the stubby 

shape of the bomb would militate against any large increase. 

A meeting of Los Alamos and W-47 representatives was held August 25, 1945, 

to provide an answer to the ballistics problem. Some attendees felt that 

if the bomb could be lengthened, a relatively high ballistic coefficient 
might be attained. 'b^1'' *b"3' 

J 

This was found to be imprac 
of the Mk 4 and the lack of sufficient cl 

the B-29. As one result of the meeting, 
ballistics advice.^ 

tical, due to the large diameter 

earance under the fuselage of 

it was decided to seek external 

Two days  la ter ,  Z-Divis ion representa t ives  le f t  for  the  Eas t  Coast  to  v is i t  

the  Bureau of  Standards ,  the  Aberdeen BalLis t ics  Laboratory ,  and Langley 
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leld, and to confer uf« j i 

ver. Informed that the best tZZ'T ti,at «*. r£our e,°auy 
the body of fhe boob since „ h, , * """ ''«• 
£'°» the bomb contour er alp ox ' T " ^ fl°" br"kC 

It ... felt unwise to pet„ J "','" ~Xt~ " ' * • 
,th P the vel°ci8y of the bomb to -xc. * - -h (the speed of C A„„J \ J  ' sc " 1 
- .  - a ™  

velocity wee eppro.obed in fol.-el . !' ^ ̂  

t- . roond note wee record, ^ e JLZ 7 * ' 
Of fall. an .effort to further retard the rate 

r 

Body ehepes wichUll"' 7 " "* C,>"d°"ed « Aberdeen, 
shapes fitted with " " ^ te~"«»d.end the beet 

eot completely stable"".' l","" """ £l,r,;h"' " the" dcs'8ne were 
tunnel tests luld d .7 " ̂  ̂  ^' *« —-

<rops. end stebility of the b I enC<"","ted 

«" be checked b f fn, » J" ̂  " S"P'"MiC 

- felt thet Uri el ^ ^"«« fee e pun. It 
to the dimensional 1- •" " "*r°Ve "" b°d£ °£ the bomb,, due 
bay, and thet ef, '"'I 1°P°"d t b£Sb-«*plosive sphere and bomb 

effort, should be concentrated on tail modifications,22 

H i::;,;red to *e*tt *>*• - •••».« 
•Mbunuerl I Z 1 T "" " 'T'" «" ~ * 
*»se s-1 („hIch P" " 1945'[ by "enbers °f 2'1 • As a result, 

Ibis r.n8e was lot tedZTofZt ^ 
23 -ties southwest of f ^ y 

gear "as Is tal 1 ed """ " '"""f "—nic.tions 
installed in trailers which could be based at Alb„,uer,u« and 
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moved to the range for-each test. Plans were drawn up for permanent 

facilities at Sandia Base, but while these were being constructed it 

was necessary for the field-test crew to operate out of Los Alamos. 

Much design and assembly work was done on various pieces of telemetry 

equipment (called informers") that would transmit to ground stations 

data concerning operation of t... . ring and firing circuits, and the 

changing conditions of vibration, temperature, pressure, and bomb 

position during the drop. The Z Division designed and built much of 

this equipment, as it was not commercially available, and it soon 

became evident that extreme accuracy and highest quality were required. 

Even so, it required considerable time, ingenuity, and effort before 

telemetry equipment began to clearly report anything but its own 
"shake and shiver."6 

The first practice drop at the Los Lunas Range December 14, 1945, demon­

strated that the target was difficult to see from the air. Consequently, 

10- x 1000-foot windrows were bulldozed out to the four points of the 

magnetic compass, and the target was changed from a black-and-orange 

cross to a white square 50 feet on each side.6 

The Aberdeen Ballistics Laboratory issued an interim report May 1, 1946. 

This confirmed, the fact that severe separation of wind flow from the bomb 

body occurred during high-speed tests, and predicted that it might be 

necessary to design a high drag shape to reduce the bomb drop velocity. 

It was Recommended that the most promising shape be tested in half-scale 

bomb drops, and a suggestion was made that some models be built with fins 

canted at an angle so that the stability of the bomb under varying degrees 
of spin could be observed.22 

A Z-4 summary of  the  ent i re  ba l l i s t ics  problem was i ssued July 26,  1946.  

This  pointed  out  tha t  the  Hk I I I  had a  terminal  ve loci ty  in  a.  speed range 

( UNCLASSIFIED 
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most conducive to poor aerodynamic flow and buffeting (Mach 0.7 to 0.97), 

and it was hoped that the Mk 4 would pass through this turbulent region 

as rapidly as possible. It was believed impractical to build enough 

drag into the shape to kcc^/ it below this trouble zone without using 

a parachute or similar device. In order to provide better knowledge 
4 

concerning bomb trajectory, it was decided to install three Askania 

Kine-Theodolite cameras at 120-degree intervals around the target. 

Mitchell motion-picture cameras were employed to measure striking 

velocity., time of fall, and general trajectory information.^ 

Subsequently, Aberdeen wind-tunnel tests favored an airfoil fin with 

a smail planform or side area. Fourteen ballistic shapes were tested 

at speeds of Mach 0.6 to 0.8, to determine drag and air-flow character­

istics, and resulted in narrowing the number of body shapes to five. 

These five shapes were then tested on the gun firing range, and the two 

best selected, full-scale models of these two were subsequently mocked 

up and dropped with (as disappointingly reported) "varying stability 

characteristics 

Full camera coverage at the Los Lunas Range was installed by October 1946. 

On one memorable test, the bombardier was given a wind reading 180 degrees 

wrong, and the result was a miss--"over the top of observing personnel"--

that undoubtedly helped to keep range workers on the alert. Plans were 

made to drop some half-scale units at Los Lunas and others at a Naval 

AuxiHary Air Station on the shore of Sal ton Sea, California. This latter 

location had been used by the Manhattan Engineer District for some wartime 

bomilng tests of Project W-47, based at Wendover Field, Utah. The need 

for this range, later called the Salton Sea Test Base, was created by 

the desire to have a sea-level target, which would provide a long weapon 

TJK 
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:hus a high bomb velocity), and t trajectory (and thus a high bomb velocity), and to test borb operation 

in a denser atmosphere. The range had been obtained for the Z Division 

in March 1946, and initially used for Mk III tests. Subsequently, much 

preparatory work was done at Sal ton Sea, with Askania stations being 

established, targets prepared, field communication wire strung along 
9 

the ground, and radio transmitting and receiving equipment installed. 

A half-scale Mk 4 shape was dropped at Salton Sea April 4, 1947. The 

test demonstrated that the approaching fl-29 bombers were hard to see, 

and this fact, coupled with inaccurate bombing, complicated tracking 

and cam.era work. The B-29's developed mechanical trouble as the high-

altitude work continued, and electrical problems were created as the 

wild life around Salton Sea acquired a taste for the insulation of the 

ground-laid wires. Test operations were temporarily halted while new 

B-29's were secured, wiring strung on poles, and a new target array 

installed 

By the fall of 1947, it was felt that if the roll of the bomb in flight 

could be controlled, many erratic ballistic actions could be eliminated. 

One way of controlling roll was to provide a tail that would spin 

freely, and this was tried. It involved difficult manufacturing 

problems and was therefore not thoroughly pursued. Another proposal 

was to use the shroud that had been initially proposed as a means of 

providing drag. This shroud would add considerable weight to the tail, 

thus adversely shifting the center of gravity aft, and designs were 
. 26 

tested for a lightweight tail cone to counter this added weight. 

By early March 1948, drop tests were indicating improved ballistic 

characteristics. Releases to supply performance data on fin shape 

indicated that a large-pLan fin (with an area increased approximately 

25 percent above the plan area of the standard fin) would produce 

/4̂ Mi ĉlassified 
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less yaw in flight than the standard fin. Fairly consistent performance 

was also obtained using a thin fin (with a plan area decreased approxi­

mately 25 percent) and a circular shroud. Neither of these -two types, 

however, gave completely satisfactory ballistic performance.27 

Members of the Armed Forces Special Weapons Project suggested that a 

group of aerodynamicists might be able to suggest improvements in 

ballistic characteristics, inasmuch as a great deal had recently been 

learned concerning actions of bodies passing through the transonic 

region, which had been pierced by manned aircraft only a few months 

previously. Consequently, representatives of Northrop, Rand, Douglas, 

North American, Boeing, Wright-Patterson Air Force Base, Inyokern, and 

Aberdeen formed an advisory panel which initially met Nay 26 and 27, 1948. 

The panel suggested that thin fins with flat sides and wedge cross 

sections would perform better than fins with curved sides and airfoil 
cross sections. It was also proposed that the planform of the fin be 
enlarged and drag introduced by the use of plates or spoilers to hold 

the velocity of the bomb below the transonic range. Arrangements were 

made to use the Cooperative Wind Tunnel at the California Institute of 

Technology, which had a greater velocity range than the Aberdeen tunnel.28 

The flat-sided wedge fins were subsequently tested at the Cooperative 

Wind Tunnel and exhibited good stability.22 Consistently good results 

were obtained from drop tests and, in mid-September 1948, the large-plan 

wedge fin was tentatively selected for use.29'30 Detailed results of 

tests at the Cooperative Wind Tunnel became available October 1, 1948, 

and confirmed the results noted above. Perforated tail plates were 

tested.on two bombs; one with a square plate and the other circular. 

The first gave improved control over pitch and yaw, while the second 
resulted in decreased control--hardly a conclusive test. 

UNCLASSIFIED 
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Since there was nw a limitedamount of time and drop tests that could be 

made, it was decided to concentrate on trials of a large-pian wedge, a 

thin-fin shroud wedge, a dorsal wedge, and a large plan with a sloping 

leading edge. All these, it was felt, would have about the same bal­

listic characteristics. A closer examination of wind-tunnel data 

subsequently narrowed the choice to a large-plan wedge or a thin-fin 

shroud wedge. It was then found that the reliability of the thin-fin 

shroud declined in high-speed, high-altitude drops, whereas the large-plan 

wedge did not, and the latter design became the obvious choice. 

Aberdeen wartime experience with certain experimental bombs had indicated 

that a "flap" placed at the rear of a bomb shroud (which presented a 

greater angle of attack to the approaching air than the fin) would help 

to stabilize bomb flight, and large-plan wedge and thin-fin shroud tails 

were prepared with this modification. The first to be dropprd was the 

large-plan wedge. One drop showed such excellent flight cbaracteristics--

with pitch and yaw of only about 2-1/2 degrees and a ballistic velocity 

coefficient only slightly lower than that of the thin-fin shroud--that 

it was deemed advisable to concentrate on further drops of this type, 

rather than expending time and energy on the thin-fin shroud, which was 
22 difficult to fabricate. Accordingly, the large-plan wedge design was 

frozen for Road production in December 1948. 
(b)(1), (b)(3) 
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\ 



AAMM UNCLASSIFIED mm, 
"30~ RS 3434/1 

Chapter^V • Mk 4 Bomb Description 

Since the Mk III Bomb was. the immediate predecessor of the Mk 4, a brief 
review of Its major design features is |(b)(3) 

The Mod 1 retained the 
Type A pit, but incorporated an improved fuzing and firing system including 

the Mk III Mod 2 X-unit (an inductance type), ER-12-10 batteries. and 1E20 
detonators -

The original Mk 4 Mod 0 Bomb was similar in many respects to the Mk III 
Mod 2 (see Figure 2) .j 'b'(3) 

The Mk 4 was a free-fall, air-burst, implosion-type bomb 60 inches in 

diameter and 128 inches long, and weighing 10.900 Dounds ,32 <b)(1)> (b)(3) 

_ ^ e s e  y i e l d s  c o m p a r e d  t o  t h e  w a r t i m e  " L i t t l e  ̂  
Joy^and "Fat Man" bombs of 18 and 23 kilotons, respectively.40^3' 

The external ballistic case was made of mild steel, 3/8 inch Chick, 

and was built in three sections for ease of assembly.37 The front and 

rear sections bolted directly onto the fore and aft flanges of the sphere 
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case.  The center  "bel ly  band" sect ion was spl i t  a t  the top so that  i t  

could be spread apart  with assembly tools  and s l ipped over  the sphere 

f langes for  posi t ioning over  the center  sect ion of  the sphere.  Tension 

bol ts  pul led the spl i t -band together  a t  the top.  A large rubber  gasket  

sealed the surfaces  where the s teel  case met  the aluminum sphere case.  

The forward case supported the antenna nose plate ,  which could be removed 

for  access  to  the sphere.  The inf l ight  inser t ion gear  was supported by 

the forward case.  The four  f ins ,  which were of  aluminum sheet-metal  
construct ion,  were bol ted to  the rear  case.  

(b)(3) 

The car t r idge s t iucture  supported the fuzing components ,  was cyl indrical  

in  shape,  and used r iveted aluminum sheet-metal  construct ion.  The X-uni t  

was bol ted to  the forward end of  this  assembly,  and the ent i re  uni t  was 
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elves and mounting plates „ere provldad ^ ̂  

for in.jaIl.tion of fusing corponents. 

The ftsuing a„o firing .,.t«. eontained the s„e gcnertl ^ 

The V ' it"' !T" 1 ^ bl" "e" "°U°':e'1 10 * 'tngU "rtrld«e structure. 
The X, nit used the ,m hesio electric, design es that of the Mc Iff, but 

».s redesigned to reduce site end .eight, and to adapt it to th. cartridge 
structure. sc 

The four r.d.r antennas had c.vity-beched slot designs and were toounted 

on a nose plate at the front of the booh. Being fl„,h with the outer 

surface of the weapon, these were superior fro. the a.rodyn.mic and 
•handling standpoints to the Yacr-f •-
Ik 111 Bombs. • °°  ̂ B°" *»" 

*>s cloch timers and batten,, were provided with heated, insulated covers 
. » Protect against freeaing during night to the target, these heaters -

^ e powered from the aircraft electric! system through a cable con-
tion at th, upper surface of the re.r case which was separated when the 

bomb dropped away from the aircraft Thin „ durina «* u aircraft. This same pullout cable was used 
Ight to monitor the electrical components in the bomb. 

The Archie rsd.rs were modified APS-13 "toil Kerning Charlie" radars 

"sveloned daring Kurld K.r II. They .... ad.pted to the homh fu.iug 

gl't(3,°° "S'"S * dlf£e"" «»""• *»•> oodifying the range 

The early radars required alteration"by soldering 

gate lines ^ ^ SettlnS' bUt later modifNations provided plug-in 
(b)(3) 
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The following aircraft were equipped to deliver the MX 4. For the Air 

force; B-29, B-36B, B-36F, B-47B, B-50A. and B-50D. For the Wavy; AJ1 
end AJ2. Since the Ht 4 was originally designed for carriage by B-29 

and similar land-biaed aircraft, no provision had been mad. for resisting 
catapolt loads. With the development of Wavy aircraft capable of taking 

with the bomb from the deck of an aircraft carrier, none difficulty 
at the sway-brace locations was encountered. This was overcome by 

redesigning the sway braces in the aircraft bond, bay so as to distribute 
the load over a sufficient are, to prevent d«m,ge to the outer case of 
the Mk 4. 

The Mk 4 Mod 0 Bomb entered stockpile March 1949. It was not equipped 
for inflight nuclear insertion. It included the Type C pit and had an 
inflatable rubber gasket to seal the ballistic case. Baro ports were 

cated at the nose of the bomb, and the entire interior of the bomb 

was used as a plenum chamber" to provide static pressure to the 
baroswitches. 

Mod-Alt change system was not in use at this time, and major changes 
were processed under a "block" change system. All weapons in a given 
block of units incorporated the same changes. In May 1950 the 

Mk-Mod-Alt weapon designation system was instituted, and the weapon was 
divided into three major assemblies, bomb, fuze, and capsule.42 The 

bomb capable oi inflight nuclear insertion becaxs the Mk 4 Mod 1 

UNCLASSIFIED 
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XAfi0Ms4A/ 
(previously identifUd ,s the Block 7 weapon) . It elso included a solid 

rubber gasket for sealing the ballistic case. Since it had a Type C pit, 
the complete bomb nomenclature was Mk 4 Mod 1-C. ~ 

* 

The Uk 4 Mod 2-C Bomb incorporated a baro manifold, which was a circular 

copper tubing assembly installed in the rear ballistic case.43 Static 

pressure was provided from intake ports in the rear cover plate through 

flexible hose leading to the manifold and additional flexible hose con­

nected the manifold to the baroswitches. The accuracy of the baro system 

was improved by this change, since it no longer depended on a sealed 
ballistic case for a static pressure source.. 

The Mk 4 Mod 2-D Bomb incorporated a Type D pit with a higher yield.44 

Special handling equipment was required for insertion of this capsule 

into the pit, and included a loading tool and a capsule alignment tcol 

or loading trough By the end of 1951, all Mk 4's had been retrofitted 
to the Type D pit. 

The Mk 4 Mod 3 Bomb incorporated a lightweight magnesium antenna nose 

plate for easy manual handling. This permitted simplification of the 

inflight nuclear insertion gear and speeded the operation. .Since this 

change was incorporated on bombs having either the Type C or D pit, it 
was identified as the Mod 3-C or Mod 3-D. 

The cartridge" became, under the new system, the Mk 4 Mod 1 Fuze. 

This included the AR-10A "Archie" radars (four required), BS-4 or BS-5 

Baroswitches (six required), M-127 "clock" timers (eight required),' 

Mk * X-unic, and lead-acid ER-12-10 batteries. The components were , 
mounted on an aluminum structure for convenient installation <b)(3) 

UNCLASSIFIED 
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(b)(3) 

^However, this operation was greatly 

facilitated by the design of the Mk 4, which provided access to the pit 

through the bomb nose by removal of the nose plate and sphere access door. 

The same operation on the Mk III required complete disassembly of the 

bomb (see Figure 3). 

Early Mk 4 weapons required that nuclear insertion be performed on the 

ground before loading the weapon In the strike aircraft. The insertion 

gear consisted of an overhead hoist with attachments for removing the 

high-explosive charges (see Figure 4) . Later weapon versions provided 

inflight nuclear insertion (or extraction) with the airplane airborne, 

reducing the possibility of a nuclear accident in the event of a plane 

crash during takeoff or landing. The equipment designed for this 

operation (see Figure 5) was provided retroactively for all weapons in 

stockpile. Inflight insertion was not done automatically, but was 

performed manually by a trained operator working around the nose of the 

bomb as it hung in the bomb bay of the carrying aircraft. 

The fusing and firing sequence of the Mk 4 was as follows: As the carrying 

aircraft approached the target, green safing plugs, which had been installed 

on the jground during bomb preparation, were manually removed and replaced 

by red tiring plugs. These safing plugs, located in the nose of the bomb, 

provided protection against accidental detonation by interrupting the 

power lines to the firing set. 

When the bomb was released from the aircraft, pullout wires attached to the 

aircraft structure were withdrawn from the weapon pullout switches and 

spring-wound clock timers. These "clocks" provided a 15-second time 



UNCLASSIFIED 

-36- R5 3434/1 

t 
interval before supplying power to the firing set. This time interval 

allowed the airplane to get beyond radar fuzing range, preventing pre­

mature detonation by radars ranging off the aircraft. Closing of the 

arming switches by the clocks allowed current from the 30-volt battery 

packs to flow through the X-unit choke and the closed firing switch.-

This current flow caused a magnetic field to- be built up in the choke. 

At a predetermined altitude, well above the desired burst height, baro-. 

switches closed, allowing the radars to start transmitting and receiving. 

At the preset burst height, the ranging of any two of the four radars off 

the target operated a relay network which opened the firing switch in the 

X-unit. The rapid opening of this firing switch caused a collapse of the 

magnetic field in the choke, transferring electrical energy to a condenser. 

When the voltage in the condenser built up to approximately 4000 volts, 

the spark-gap switch spontaneously broke down, allowing current to flow 

through the gap and the detonator circuits. 

Bridge wires in the detonators were vaporized by the high-voltage pulse. 

This detonated the explosive material in the detonators, which in turn 

ignited the high-explosive charges of the sphere, creating a spherically 

convergent detonation wave which compressed the nuclear components to 
supercriticality. 

(b)(1), (b)(3) 
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Chapter V - Mk 4 Improvement 

Afte,- the Mk 4 entered stockpile, design improvements continued despite 

the feet ch.t si.ch of the engineering st.ff was tt.nsfetted to work on 

ether weapons. A list of desir.ble modiiie.tions was c.opiled, based 

en . joint mllit.ry-S.ndt. survey, end, after thorough review, was 

formally issued May IS, 1949, under the title "Desired Military and 

Technical Characteristics of FH Type Atomic Weapons."'8 

Five areas ware listed, including weapon battery, ballistics, inflight 

nuclear insertion and extraction, lightweight case, and Improved fusing 

system. Batter, improvement, due to the state of the art, was deferred 

ft later consideration; the ballistics story has been developed in 
Chapter III. 

The inflight nuclear insertion and extraction proj-ect was already veil 
under wav. „ studies had started in earlv 1948,(b)<3) 

^^•^tTes ±or ~s"PP°rting the antenna nose plate ...id sphere 

door while the nuclear capsule was being guided into position were 

provided. This support device was temporarily bolted to the nose 

bomb while it was in the bomb bay of the aircraft proceeding to 

target, and was manually operated.18 A later production version elimina-

support arms for the nose plate and access door, which by that 
time had been much reduced in weight. 

TTMT'T A 
4^ & i 
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I t  was  or ig inal ly  fe l t  tha t  the  Mk 4  should  be  protec ted  agains t  f lak  by 

an  outer  case  of  1 /4-Inch- th ick  armor  p la te .  Those  a t tending the .August  25 ,  

1945,  meet ing tha t  d iscussed genera l  bomb fea tures  had fe l t  tha t  th is  pro-
22 

tec t ion was  unnecessary ,  and as  a  resul t  the  weapon was  const ructed  wi th  

a  case  of  3 /8  inch- th ick  mild  s tee l .  The Bureau of  Ordnance la ter  noted 

tha t  a luminum offered somewhat  be t ter  protec t ion than s tee l ,  when equal  

weights  of  mater ia ls  were  used,  and as  a  resul t  some reduced-scale  a luminum 

cases  of  3 /4- inch th ickness  were  des igned,  bui l t ,  and drop tes ted  in  1947.  

However ,  the  fac t  tha t  s t rong s tee l  cases  were  normal ly  used in  bomb 

const ruct ion led  the  Mk 4  des igners  back to  th is  mater ia l .  

The Air  Force  was  of  course  v i ta l ly  in teres ted  in  anything tha t  would  reduce  

the  weight  of  the  bombs they carr ied ,  in  order  to  increase  the  range ard  

a l t i tude  of  the  carrying a i rcraf t ,  and th is  subject  was  d iscussed in  var ious  

meet ings  a t  Kir t land Fie ld  and the  Los  Alamos Scient i f ic  Laboratory  dur ing 

the  fa l l  of  1948.  Sandia  Laboratory  forwarded a  memorandum to  the  Divis ion 

of  Mil i tary  Appl ica t ion on September  29,  1948,  s ta t ing  that  i t  should  be  

poss ib le  to  reduce  the  weight  of  the  Mk 4  by us ing a i rcraf t - type  des ign 

in  the  f ront  and rear  case  sec t ions ,  but  tha t  th is  work would  delay  the  

Mk 4  s tockpi le  del ivery  date .  I t  was  suggested-  tha t  some pre l iminary  

des ign be  under taken by a i rcraf t  engineers  c leared as  members  of  thu  
aerodynamics  panel .  

^CLASSIFIED 
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k»..TSl 1"°°"l " t h e  S e p t e a 4 e r  3 0 >  i 9 4 8 '  - « « • •  ° e  

search Develop Foard, >lth ^ ^ ̂  :z:~' " j" eh*"8° in  — •- *-

handling equipment, and that . thorough etrass analysis mould „8 

rrr' "ubject developed bwrm '-: 

fT'" °' Hllltary Liaison Com.it.ee, AFC. and 
Sand la, with efforts being made to d.ter.tne whether ot not that. . 

tea need lot the heavy can. £nr ,fther flak protection or storage ".54.55,56 

On December ». 194F, Sandf. reformed AFC that a development progr„ lot 
reduction of Ml 6 Bomb weight had bean eat.bli.hed at Project Foger (the 

IT:,' 7; ISl*"d *""*• -• ĥ S certain weapons production 
* "* Suteo""«". the American Car and Foundry Company. The 

purpose of this program mas to evaluate and racomaend weight reduction, 
t h e c ° ° l ! -

b°th forand che d,st8° 

. ith che roster being decided February '7 
». when the Division c£ Military Application directed Sandi. to sub- ' 

contract the design o£ an aluminum case." On March 16, Northrop Aircraft 

»c "as invited to design . riveted case,62 and in May the American Car 
nd Foundry Company „as asked to design a melded case. 

Ballistic testing of both the riveted and melded cases mas conducted in 

r 1949, and static and dynamic tests were run at Wright Field.63 

These proved that both eases mare satisfactory, and, inasmuch a. cost and 

ri'^SST r°"Shly ahoivalenc, it was decided to procure both 
yP^" Production of the riveted design was turned over to 
roject Royal (the ^ manufacturing facility at Kansas City), and the 

ynrrff A €^C^TT^TTT?T\ 
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American Car and Foundry Company started to fabricate the welded case. A 

memorandum from Sandia to the AEC April 5, 1950, noted the desirability 

of minimum weights for all bomb components, and stated that Sandia was 

investigating the possibility of also reducing the weight of the inner 
68 

sphere case. However,-about this time, the entire weight-reduction 

program was transferred from the Mk 4 to the Mk 6 design. 
(b)(1). (b)(3) 

Design and production problems were encountered with the Abee and, for a 

time in late 1949 and early 1950, consideration was given to a simple 

barometric fuze. However, the Los Alamos requirement that the bomb 

detonate at a relatively precise distance above the target inevitably 

brought the designers back to consideration of a radar fuze. 

Meanwhile, some short-range improvements were made to the Archie.^ 

Various range (height of burst) modifications had been provided by the 

use of separate delay lines that were soldered into the instrument for 

each range. This made it difficult to alter the height of burst rapidly 
. 70 

when targets were changed, and in the fall of 1949, a modified Archie 

(AR-10A) with plug-in delay lines was introduced, eliminating the soldering 

task. A still more powerful radar (to be called Albert) was proposed, 

and work proceeded intermittently on this design. 

At a  meet ing of  the  Sandia  Research and Development  Board ,  on  September  19 ,  

1949,  an  addi t ion  of  a  "Black Box" to  the  radar  sys tem was considered.  

TT^Tnr ^QQTT?IED 
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Meanwhile, it was becoming evident that the lightweight case and the 

improved fuze could be put into production simultaneously, and in July 

I?50 a high-priority or "crash" program called 4-N was established.^3' 

— - 'Shortly 
=CBS^fter, however, it was decided to treat the modified Kk 4 as an 
entirely new weapon, and the program evolved into the Mk 6. 

Design attention was also given to improving the pressure-operated or 

barometric switch which "armed" or placed the radar in operational con­

dition. The original approach had been to consider the interior of the 

bomb as a plenum or pressure chamber and to measure che pressure as the 

bomb fell through the air toward the target. Vent holes to the external 

atmosphere, were located in the nose of the bomb, and it became necessary 

to provide an airtight seal between the sections of the bomb case. 

^rst thought that an inflatable rubber tube would serve for 

this seal, but it was found impossible to maintain air pressure in 

this tube. In addition, the relatively large volume of the plenum chamber 

it difficult to secure rapid responses to changes in external air 

density, and it was decided to substitute a small-volume manifold con­

structed from a length of tubing bent into a circular shape and installed 

the _ontour of the bomb skin near the tail. Because of the possibility 

the nose ports bediming plugged with ice,''"' they were relocated in the 
tail plate. 
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I t  was found that, no the bond, nenred closure altitude, the baroswitch 
contactsj chattered, and the ..itches vera shock counted to minima 
vibration. A new design of baroswitch became available in mid-1950 
but it factored in similar fashion, proving that the causa of the ' 
. luble jwas in the we.pon and not the switch. Inasmuch „ lt w.5 felt 
that the light case would solve this difficulty, this phase of tbe 
project was canceled. 

Plans for protecting the Mk 4 in storage were proposed in the fall of 
1946, using various combination, of plastic bag, and a ply^od crate." 

as eventually decided to make the entire weapon weathertight, and 
this reintroduced the case-sealing problem. A solution .as found in 
January 1950, when . solid gasket ... p„t i„c„ production.'8 

Ad the Mk 4 started to move into design history, to be replaced b, its 

ssor, the Mk 6, Sandia could point to many notable achievements. 
Technical problem in the field of aerodynamic, had bee met ««• soled, 

y n areas where there had bee no previous experience. Major 

ances were made in the design and manufacture of telemetry equipment, 
•ihin in a field .her. there had bee little prior knowledge. Weape 
component, were designed that were easier to manufacture, assemble, and 
use, and which possessed a higher degree of reliability. In addition, 

wholt family of field-test and handling equipment bad been designed. 

Sandia rreated the Mk 4 weapon under the impact of a combination of 
Oircumstances that might well have daunted larger and more experienced 
organisations. It necessary to move to a new location, design and 

new facilities, and provide proper personnel housing—all in the 
face of postwar material shortages. A working force was recruited 
despite the general outward wave of migration from tbe atomic project . 
t at occurred at the end of World War II, and despite competition with 

TIN CLASSIFIED 
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!f- AA 
« employers ln . country ju<t ,t„t(ng , glgmtlc poat„r 

Sandia operatad In a more or lest continuous atmosphere of "crash" 
programs, „ith new day, bringing fresh, challang.s of both n.ttonol and 
international importance. 

Perhaps the foregoing can be summed up in the statement that S.ndi. built 

a weapon while it was building a corporation, gibber Job v., of sufficient 
magnitude-the fact tb.t they were both successfully and simultaneously 
accomplished meant that this new organisation of S.ndi. possessed the 

competence that was to earn it a respected position the field of nuclear 
W-aponry-. Sandians, both old and new, can be justifiably proud of this 
achievement. 



/fef#' 
UNCLASSIFIED 

-44- RS 3434/1 

Glossary of Mk 4 Terms 

ars.- -< 
foi-med'trhLdKnit.^f'' PT"'rrr — An iiterdepartmental agency 
*.««- *•? :r jss i^\t%a" :^L:°c'rc.rr • January 29 1QA7 a* w crecaries or War and Navy, 

P«..g. of'tha K.tIo„al slllZy I" ITyT.T^. 

^^TpIcYand 'a"er* "» Photograph an 
relation to the camera Bv W* F posltlon of that object in 
tion on the earth's surface 1« « V* m°Ve Askanias whose 1oca-
object at any glva„ lnst,„t ra/bTd"™^' "» °f ">« 

Atomic Energy Commkc<^ <YPf> -- * —i, >1 . 
the functions of the Ma-harp s- t 1 ilian a8ency which absorbed s  ot  the Manhattan Engineer District  on January 1 ,  1947 .  

opened by a bellows"which1co^tai^ *Wi5Ch "h°Se conCact® *re closed or 
calibrated pressure. The T * °f air " a Precisely 
pressure external to the flexiblEEd£CreaSe °f atmoaPheric air 
or contract. flexible bellows causes the bellows to expand 

by the AEC Se'J!:e^erXlinS19520ftohe PaCLf*r' Provin8 Grounds, approved 
—  .  C o n s t r u c t i o n  w .  1 2 ^ ^  ^ S " "  

atomic ordnance™"* A Bureau of the Navy Department concerned with 
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Crash Program -- Term for expedited program. 

Crossroads --

Detonators  - -
.0p1eXa.ti?n. .held & Ji^ni 

+artpri rn n VnMeT^e^w^i 
analv n fi ann» m "irffiii^ 

.oslve sphere (vrhinh nr, ip 

H'rollUr^'' r""hr T" -'- "" Fll8ht ""s »° »hl=» the airplane follow. 
.t whic M-"b«J5t: ewu^d1::™8,*« 

Ldnts 2:y"r» "rg"o"„r vto *° ech°' s« i"hi-) 
Clone on rhe'clrcol^ofrLTEJT* ST "» »' " 

« 

2 V 
k_A£2ll -- Original site of the AEC's Pacific Proving Grounds. 

the co p*" ^rsha11 Islands, some 5500 miles west by south from 
for entrineni States. United Nations concurrence was obtained 
one ratio v "**' 1°itial US8ge W*S " the •' a ship-based 
Odhsh t pe™anent facilities were constructed for use after 
Operation Sandstone in the spring of 1948. 

E5£^an — Code name for the implosion weapon dropped on Nagasaki, 
in contradisti m' "" S° ^ f°C itS Sh°"» fat •*«—«. 
the Thin Man n - 1° th6 *"rIy gUD"type Veapon, which was called 
JncW* ^ ( f 5h6 Li"le B°y) * The term was extended to 
^ ^ e general designs of early implosion weapons, such as the 

(b)(3) 

^^gl££i^Eh£ie -- The ball of high explosive that^^^SlS* 

M<a.u -
01*0* -^oXtihv 

mrpT h QQYw ="5™S 
Y i  

~*4~ . 
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Implosion-Type Bomb — A weapon based on the principle discovered by 
Professor Charles E. Munroe, Washington, D. C'. Written up by him in 
Scribner's Magazine and the American Journal of Science in 1888 and in 
Popular Science Monthly in 1900. Rediscovered by Egon Neuman of Germany, 
who secured German and English patents in 1910-11. The Munroe principle 
notes that an increased explosive effect is created when an unconfined 
cylinder of high explosive is hollowed out. In 1920 the Journal of the 
Society of Chemical Industry (London) stated that "no practical use has 
apparently been made of this discovery." Suggested by S. H. Neddermeyer 
at Los Alamos as a means for producing the extremely high pressures 
required on the capsule of an atomic bomb. Hot much attention was paid 
to the suggestion until it received the backing of Jo: a von Neumann and 
George Kistiakowsky, The same principle was used in the Pacific area 
in World War II as a means of destroying Japanese pillboxes, and for 
increasing the penetrating effect of rockets. 

Kiloton Yield -- A means of measuring the effect of a nuclear explosion 
by comparing it with the effect of an explosion of TNT. One-kiloton 
yield is equivalent to the effect of 1000 tons of high explosive. 

Kirtland Field -- An Air Force Base located in Albuquerque, New Mexico, 
and using part of the facilities of the Municipal Airport (Sunport) . 
Kirtland Field was built in 1939 with the help of federal funds. Named 
for Colonel Roy F. Kirtland, one of the earliest Army aviators. 

(b)(3) 
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- C °  o t ^ a r ^ ^ f  ̂ 2  

rU£mL^lson_CWttee - a 

^parLlnTor '̂̂ ^ ^"^^Ih^^c'LTol behaU T™" 
_fr™ -ch « ™^lves 

See Greenhouse. 
e£5aU2»_s!»dj£22£ .. See Smd,toiie 

Oxnard _ 

Albuquerque by Prank cTspeak^an^V* ^ airport f« the City of 

vhTthe^ref1:^6'1^ e*panSi°* ^VoTĴ  1931 f" *»« G. 
Station. S takCD over bv the Government for TT- T" ^ l942' 

(b)(3) wuat *or 311 Al* Depot training 

Named for RAdio detecting And Ranging. 
Sllton_Sea Test Bag. , ~ -anglng-

• »ri Axillary Alr 
ell is tic tests of the 2 Divisi^ ia' Ac<»ulred 1" June 1946 

^sndifl Ba.<? 0 r 
•ES^eld. °Eacompasaes°the". °f - .<ijoiai« 

» « " e L t " o o ^ e i t t e n d i " s  ~sr»*srL',rs; byBt>x"*r<i pi*1*-
Sandia Laborni-,-»*•,• . 

i^rm9°« 

=f"La IZlTJilt'o^£ratl"£ ™ ° -

San^iaResearch 
•ilicary Woid iormsd'at'sMiu"^8^ " A joint S«ndt« Labor.rory-
»«pons iesig„. S*»"« Base « provide local 8old=„c. on 
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1948. r- •• ruu--ie ~ >•» - -—cAprll Tactical *r<A • "Prix Ig£iicaL_and TechMa.i Liafsnn c V 

officers establishejT to proTidTu^Th'" A COBmittes <* Air Force 

teL*I F°rCe pri°r to Pittance o e At? ̂  *t0mic P^Ject «„d 
Armed Forces Special Weapons Project. " ** a aember of the 

Telemetry - The science of rarffo . 
station Iro. „ obJect °£ ifa-tta, to a pound 

zJjZ H?L~£-Z 
Ualo eunng World Wat ll/^s^f^hiaT" *""°ned at Weodover 

"r the u,r «»- £» the toiT;:' to Kirti-»d 

Yaci •- a -~J_ 
««- uos AiU] 

" A radar antann. developed b, . Jap.ntae sci„eljt_ 

2 Division -- A Los AT 4 

~fC2~S,r=5T,SS-aT-j-; s-o.., 
r.'L—— —"ss-r-STri-rr-

TT^Tf^T *, nCT^TTT' 
cfl» Wi-ii i-pOjO.*. X' X X^al, 
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