
Trinity nuclear test, July 1945	


Life Magazine, August 20, 1945

G.I. Taylor	


1886-1975

The formation of a blast wave by a very intense explosion. 

II. The atomic explosion of 1945 

BY SIR GEOFFREY TAYLOR, F.R.S. 

(Received 10 November 1949) 

[Plates 7 to 9] 

Photographs by J. E. Mack of the first atomic explosion in New Mexico were measured, and the 

radius, R, of the luminous globe or 'ball of fire' which spread out from the centre was deter- 
mined for a large range of values of t, the time measured from the start of the explosion. The 

relationship predicted in part I, namely, that RI would be proportional to t, is surprisingly 
accurately verified over a range from R = 20 to 185 m. The value of R~t-1 so found was used 
in conjunction with the formulae of part I to estimate the energy E which was generated in 
the explosion. The amount of this estimate depends on what value is assumed for y, the 
ratio of the specific heats of air. 

Two estimates are given in terms of the number of tons of the chemical explosive T.N.T. 
which would release the same energy. The first is probably the more accurate and is 16,800 
tons. The second, which is 23,700 tons, probably overestimates the energy, but is included 
to show the amount of error which might be expected if the effect of radiation were neglected 
and that of high temperature on the specific heat of air were taken into account. Reasons 

are, given for believing that these two effects neutralize one another. 
After the explosion a hemispherical volume of very hot gas is left behind and Mack's 

photographs were used to measure the velocity of rise of the glowing centre of the heated 
volume. This velocity was found to be 35 m./sec. 

Until the hot air suffers turbulent mixing with the surrounding cold air it may be expected 
to rise like a large bubble in water. The radius of the 'equivalent bubble' is calculated and 
found to be 293 m. The vertical velocity of a bubble of this radius is I /(g 29300) or 35-7 m./sec. 
The agreement with the measured value, 35 m./sec., is better than the nature of the measure- 
ments permits one to expect. 

COMPARISON WITH PHOTOGRAPHIC RECORDS OF 

THE FIRST ATOMIC EXPLOSION 

Two years ago some motion picture records by Mack (I947) of the first atomic 

explosion in New Mexico were declassified. These pictures show not only the shape 
of the luminous globe which rapidly spread out from the detonation centre, but also 

gave the time, t, of each exposure after the instant of initiation. On each series of 

photographs a scale is also marked so that the rate of expansion of the globe, or 

'ball of fire', can be found. Two series of declassified photographs are shown in 

figure 6, plate 7. 

These photographs show that the ball of fire assumes at first the form of a rough 

sphere, but that its surface rapidly becomes smooth. The atomic explosive was 

fired at a height of 100 ft. above the ground and the bottom of the ball of fire reached 

the ground in less than 1 msec. The impact on the ground does not appear to have 

disturbed the conditions in the upper half of the globe which continued to expand as 

a nearly perfect luminous hemisphere bounded by a sharp edge which must be taken 

as a shock wave. This stage of the expansion is shown in figure 7, plate 8 which 

corresponds with t = 15 msec. When the radius R of the ball of fire reached about 

130 m., the intensity of the light was less at the outer surface than in the interior. At 

[ 175 ] Vol 201. A. 12 



G.I. Taylor	


1886-1975

The formation of a blast wave by a very intense explosion. 

II. The atomic explosion of 1945 

BY SIR GEOFFREY TAYLOR, F.R.S. 

(Received 10 November 1949) 

[Plates 7 to 9] 

Photographs by J. E. Mack of the first atomic explosion in New Mexico were measured, and the 

radius, R, of the luminous globe or 'ball of fire' which spread out from the centre was deter- 
mined for a large range of values of t, the time measured from the start of the explosion. The 

relationship predicted in part I, namely, that RI would be proportional to t, is surprisingly 
accurately verified over a range from R = 20 to 185 m. The value of R~t-1 so found was used 
in conjunction with the formulae of part I to estimate the energy E which was generated in 
the explosion. The amount of this estimate depends on what value is assumed for y, the 
ratio of the specific heats of air. 

Two estimates are given in terms of the number of tons of the chemical explosive T.N.T. 
which would release the same energy. The first is probably the more accurate and is 16,800 
tons. The second, which is 23,700 tons, probably overestimates the energy, but is included 
to show the amount of error which might be expected if the effect of radiation were neglected 
and that of high temperature on the specific heat of air were taken into account. Reasons 

are, given for believing that these two effects neutralize one another. 
After the explosion a hemispherical volume of very hot gas is left behind and Mack's 

photographs were used to measure the velocity of rise of the glowing centre of the heated 
volume. This velocity was found to be 35 m./sec. 

Until the hot air suffers turbulent mixing with the surrounding cold air it may be expected 
to rise like a large bubble in water. The radius of the 'equivalent bubble' is calculated and 
found to be 293 m. The vertical velocity of a bubble of this radius is I /(g 29300) or 35-7 m./sec. 
The agreement with the measured value, 35 m./sec., is better than the nature of the measure- 
ments permits one to expect. 

COMPARISON WITH PHOTOGRAPHIC RECORDS OF 

THE FIRST ATOMIC EXPLOSION 

Two years ago some motion picture records by Mack (I947) of the first atomic 

explosion in New Mexico were declassified. These pictures show not only the shape 
of the luminous globe which rapidly spread out from the detonation centre, but also 

gave the time, t, of each exposure after the instant of initiation. On each series of 

photographs a scale is also marked so that the rate of expansion of the globe, or 

'ball of fire', can be found. Two series of declassified photographs are shown in 

figure 6, plate 7. 

These photographs show that the ball of fire assumes at first the form of a rough 

sphere, but that its surface rapidly becomes smooth. The atomic explosive was 

fired at a height of 100 ft. above the ground and the bottom of the ball of fire reached 

the ground in less than 1 msec. The impact on the ground does not appear to have 

disturbed the conditions in the upper half of the globe which continued to expand as 

a nearly perfect luminous hemisphere bounded by a sharp edge which must be taken 

as a shock wave. This stage of the expansion is shown in figure 7, plate 8 which 

corresponds with t = 15 msec. When the radius R of the ball of fire reached about 

130 m., the intensity of the light was less at the outer surface than in the interior. At 

[ 175 ] Vol 201. A. 12 

The formation of a blast wave by a very intense explosion. 

II. The atomic explosion of 1945 

BY SIR GEOFFREY TAYLOR, F.R.S. 

(Received 10 November 1949) 

[Plates 7 to 9] 

Photographs by J. E. Mack of the first atomic explosion in New Mexico were measured, and the 

radius, R, of the luminous globe or 'ball of fire' which spread out from the centre was deter- 
mined for a large range of values of t, the time measured from the start of the explosion. The 

relationship predicted in part I, namely, that RI would be proportional to t, is surprisingly 
accurately verified over a range from R = 20 to 185 m. The value of R~t-1 so found was used 
in conjunction with the formulae of part I to estimate the energy E which was generated in 
the explosion. The amount of this estimate depends on what value is assumed for y, the 
ratio of the specific heats of air. 

Two estimates are given in terms of the number of tons of the chemical explosive T.N.T. 
which would release the same energy. The first is probably the more accurate and is 16,800 
tons. The second, which is 23,700 tons, probably overestimates the energy, but is included 
to show the amount of error which might be expected if the effect of radiation were neglected 
and that of high temperature on the specific heat of air were taken into account. Reasons 

are, given for believing that these two effects neutralize one another. 
After the explosion a hemispherical volume of very hot gas is left behind and Mack's 

photographs were used to measure the velocity of rise of the glowing centre of the heated 
volume. This velocity was found to be 35 m./sec. 

Until the hot air suffers turbulent mixing with the surrounding cold air it may be expected 
to rise like a large bubble in water. The radius of the 'equivalent bubble' is calculated and 
found to be 293 m. The vertical velocity of a bubble of this radius is I /(g 29300) or 35-7 m./sec. 
The agreement with the measured value, 35 m./sec., is better than the nature of the measure- 
ments permits one to expect. 

COMPARISON WITH PHOTOGRAPHIC RECORDS OF 

THE FIRST ATOMIC EXPLOSION 

Two years ago some motion picture records by Mack (I947) of the first atomic 

explosion in New Mexico were declassified. These pictures show not only the shape 
of the luminous globe which rapidly spread out from the detonation centre, but also 

gave the time, t, of each exposure after the instant of initiation. On each series of 

photographs a scale is also marked so that the rate of expansion of the globe, or 

'ball of fire', can be found. Two series of declassified photographs are shown in 

figure 6, plate 7. 

These photographs show that the ball of fire assumes at first the form of a rough 

sphere, but that its surface rapidly becomes smooth. The atomic explosive was 

fired at a height of 100 ft. above the ground and the bottom of the ball of fire reached 

the ground in less than 1 msec. The impact on the ground does not appear to have 

disturbed the conditions in the upper half of the globe which continued to expand as 

a nearly perfect luminous hemisphere bounded by a sharp edge which must be taken 

as a shock wave. This stage of the expansion is shown in figure 7, plate 8 which 

corresponds with t = 15 msec. When the radius R of the ball of fire reached about 

130 m., the intensity of the light was less at the outer surface than in the interior. At 

[ 175 ] Vol 201. A. 12 

!"#$%&'()*+&,$&-$)$./)0*$1)2#$34$)$5#'4$6,*#,0#$789/&0+&,:$66:$!"#$;*&(+<$789/&0+&,$&-$=>?@
;A*"&'B0CD$E#&--'#4$!)4/&'
F&A'<#D$G'&<##H+,I0$&-$*"#$J&4)/$F&<+#*4$&-$K&,H&,:$F#'+#0$;L$M)*"#()*+<)/$),H$G"40+<)/
F<+#,<#0L$5&/:$NO=L$P&:$=OQ@$BM)':$NNL$=>@OCL$99:$=R@S=TQ
GA3/+0"#H$34D$!"#$J&4)/$F&<+#*4
F*)3/#$UJKD$http://www.jstor.org/stable/98396

;<<#00#HD$=OVOWVNOO>$O>DW?

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at

http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless

you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you

may use content in the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at

http://www.jstor.org/action/showPublisher?publisherCode=rsl.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed

page of such transmission.

JSTOR is a not-for-profit organization founded in 1995 to build trusted digital archives for scholarship. We work with the

scholarly community to preserve their work and the materials they rely upon, and to build a common research platform that

promotes the discovery and use of these resources. For more information about JSTOR, please contact support@jstor.org.

The Royal Society is collaborating with JSTOR to digitize, preserve and extend access to Proceedings of the
Royal Society of London. Series A, Mathematical and Physical Sciences.

http://www.jstor.org



Formation of a blast wave by a very intense explosion. II 

The ball of fire did therefore expand very closely in accordance with the theoretical 

prediction made more than four years before the explosion took place. This is sur- 

prising, because in those calculations it was assumed that air behaves as though y, 
the ratio of the specific heats, is constant at all temperatures, an assumption which 

is certainly not true. 
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FIGURE 1. Logarithmic plot showing that RI is proportional to t. 

At room temperatures y = 1.40 in air, but at high temperatures y is reduced 

owing to the absorption of energy in the form of vibrations which increases Cv. At 

very high temperatures y may be increased owing to dissociation. On the other 

hand, the existence of very intense radiation from the centre and absorption in the 

outer regions may be expected to raise the apparent value of y. The fact that the 

observed value of R5t-2 is so nearly constant through the whole range of radii 

covered by the photographs of the ball of fire suggests that these effects may 
neutralize one another, leaving the whole system to behave as though y has an 

effective value identical with that which it has when none of them are important, 

namely, 1-40. 

CALCULATION OF THE ENERGY RELEASED BY THE EXPLOSION 

The straight line in figure 1 corresponds with 

R5t-2 = 667 x 102 (cm.)5 (sec.)-2. (2) 

The energy, E, is then from equation (18) of part I 
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