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?h« praMrars distance our*® for a sorfaoe burst should b« determinable from 
the froo a i r » i m | i f the surface ettn be assyjaad to ba a perfect rvfleeter iwwp|UTnPirn 
and if cratering effeete are negligible. Aasusdn^ a weapon of / l a id ¥ "vtNiORJtD 
far which bho free a i r c»rv- ia knwm, the jHreestsre distance etirva along 
tho grotmd for the weapon burst on the surface should b^ t!ie #am «s *.h« MAY 6 -f963 
free a i r curve for a mmmn of yield 2 *?* 

3441-1 
Bi« thermal intensity for a surface burst will be tho ea«c or less depending 
on whether the radiation ia considered to cosie from tha whole voltes* "of tha 
fireball or whether tha fireball ia considered to b*» a black body. In tha , nft\i^ 
l a t t a r esse tha thermal intensity would ba lees by tha rat io of tho s r e a a ^ ' t ^ 1 _ 
of tha fira'Mill surface for a ewfaca b»rat and for a high ai r burst} i . e . - t $$.-•— 
by 2 ,r<X.&>ne)2 / h-^^e2 where A o A» the radios of the fireball £©r an ^ 
a i r burst. (Deaaity of tha a i r ia assisted constant.) th is ra t io ia nearly 
0.8. Thus tha theraal in- enaity mlihfc be laas by 20£ for a surface burst. 
Tha angle of incidence of the thorsal i s of course Tory important. Kore 
of thia and attenuating affacta l a t e r . m w r M T A n i r r 

Radioactive contamination fro* a surface burst, especially whan a surface 
wind ia blowing, far exceeds fa l l out frea an alrbrust . contamination 
froa aw/ace bersta can ba rou^tly esti&ated fro* Jangle Surface* J U L ) o ' 5 S 

The crater for a surface* burst, within tha area of tha cratar, has * aarioua 
offset on underground inat«ll»iion». C n m r «i*ee for sarfaea buret* are » < o ^ *atfJ 
reaghly koown tvm Operation Jangle. .v^mVcA 8 ■ 
The assertions l a tha »©v« fear paragraphs have to tea examined in the ti&0NVE*iTORif:n 
of oxporisjent and practical usage situations. Considering f i rs t tha pressure-
distance curve* tt*«r© are just two actual warfaca bwsts from which data /\{JQ ■, 7 
hare b«en obtainedt Jangle Surface (1.1 XT) sad ley XSJee (X9«§±1 Kf). Tha ^65 
pressure distance data free* tha l a t t a r f i t tha 81 HT fraa a i r curve withia / 
lha spread of tha data, aseeapt at Tery low jpreaE«r»8 ( <• ^pai). thua to tha 3428-3 ^ 
rang© of % <• 20 pal (20 pel wa« tha tj-^jar liialV of aesfdred data) tha 2 W.*-,,, ( ?f) 
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assun#»tion is verified by Ivy Mike. This is not the case for the Jangle 
Surface shot, howex'er. For Jangle Surface three types of measurements 
were obtained — l) pressure » distance 2) shock velocity along the 
ground and 3) shock velocity vertically above ground zero. From these 
data the "2« in 2 W is found to vary from l.U to 2.0. The lata have been 
averaged by AF°WP in "The Capabilities of Atomic Weapons" in such a way 
that the "2" in 2 W varies from 1.75 to 2.0. As with Mike, the pressure 
data are only available up to 20 psi. In both cases the shock waves were 
observed to be textoook in formj i.e. there was no evidence o? the pre­
cursor effect observed on tower shots and air bursts up to about ^00 ft 
scaled burst height ( i.e. scaled to 1 KT). (Clean wave forms are considered 
more destructive to structures than wave forms with slow rise times.) There 
are however many uncertainties about the Jan le Surface Shot. The radio­
chemical yield is not well known; the fireball yield is subject to inaecu­
racy due to the large mass effect of the bomb parts on this low yield 
weapon; and as mentioned above the three methods of obtaining pressure data 
are at variance. For Mike the radiochemical yield is inac urate} the yield 
quoted is a fireball yield which is believed accurate within 10^. 

Now departing from the realm of facts, it is our feelin ­ that for all 
operational weapons the 2 W assumption is proper for predicting pressure­
distance for surface bursts for pressures 20 psi to 3 psi. For higher 
pressures this is still probably true but must be verified experimentally 
(it is hoped on Operation Castle, Spring 19$k)* 

How does all this pressure discussion affect fuzing for surface burst? 
Reference to the height of urst chart in "C&p&blities of Atomic Weapons" 
indicates that for pressure in excess of perhaps 12 psi a surface burst 
gives the largest radius of effect. On the other hand for pressures >elow 
8 to 6 psi, an air burst is most satisfactory. In the region 8 ­ 1 2 psi 
the scatter of the data is such that no clear cut answer can be obtained. 
Examination of tower shot data from Sandstone and Oreeniouse verifies the 
notion that for high pressures a surface burst is better than a low air 
burst, due to the fact th­*?t the precursor effect is already reducing 
pressures and rounding off the shock wave. 
At this point of discussion it is custosnary to bring up the question of \ 
hill & dale ef ects. Confining comment to the region of high pressures \ 
and therefore low burst heights, it should be noted that the Maeh 'Stem "p x 
rises so fast for low bursts that the question of hill & dale effects is / 
nearly the same for a low burst and a surface burst. *■'" 
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Thus as far as low bursts vs. surface burst in concerned, it is suggested 
that for pressures in excess of 12 psi the surface bur3t probably is more 
satisfactory. 

Fros the viewpoint of the effects of thermal radiation, it is generally 
assumed that a burst of at least one fireball raius away from the ground 
is more satisfactory than a surface burst. This is certainly so. The 
observed degradation, presumably due to absorption by dust kicked up by 
the shock wave, is soaewhat greater than that just due to the different 
fireball surface areas as indicated at cbe beginning of this memorandum. 
Roughly speaking the thermal output seems to be reduced to l/} to 2/3 over 
the range of 1 to 83 KT. Tha result of this is to reducta the radius of a 
given theraal levsl to frora 60$ to 50$ of the radius for an air burst of 
about one fireball radius away, for .ii.>her burst the R* law cuts down on 
the level of thermal radiation available at the ground. The an~le of 
incidence must also be considered. However, it is important to remember 
that vertical surfaces (draperies) must be considered as well as horizontal 
surfaces (troops in ox holes). Also fires existing en vertical surfaces 
have been shown by "brest Service tests to be less sas eptibls to blowout 
by the shock wave than horizontal surfaces. The point it is desired to 
indicate here is that the degradation of thermal for surface burst, though 
real, raay not be S3 serious as it sometimes casually expressed. 

For a surface burst fall-out contamination and craterin>, are bonus effects 
Which, thougdi not negligible by an/ means, a~e difficult to evaluate in 
terms of Military worth — indeed this is also true of fire damage which 
might be brought about by thermal for either surfaee or air bursts, 

To summarize briefly it would appear froa the above that for nearly all 
"hard" targets the surface burst is likely as effective and perhaps more 
effective than a low air burst. For very soft targets the heiẑ ht of burst 
chart clearly indicates a high burst is desirable, For 8 - 1 2 psi targets 
no difinite conclusions can be drawn, but pro ably & surface burst is as 
good as any other, within the scatter of available data. 
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