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Detonation of Liquid Explosives 
by Impact 

ALTHOUGH a considerable amount of experimental 
has done on the impact sensitivity of 

hqmd explos1ves, the mechanism of initiation by 
mechanical shock is not fully understood. Further
more, the values for sensitivity obtained by different 
workers showed marked variations. With nitro
glycerine, for example, the figures quoted range from 

gm. cm.1• 2 •3 down to 500 gm. em. (sensitivity 
g1yen as product of mass of striker in gm. multi
piled by of in em.). An attempt has been 
made to mvest1gate m more detail the physical pro
cesses occur during impact, and to study the 
mechamsm of the initiation and growth of ex
plosion '•6 • 

One observation which is of general interest is the 
profound effect which minute bubbles of included 
gas. have on the impact sensitivity of the explosives•. 
It.1s found that, under many conditions of impact, 

bubbles are present or are entrapped in the 
explosive. one _of the. surfaces .contains a small pin
hole or mcluswn of a1r almost invariably 
occurs durmg 1mpact, and even if smooth flat surfaces 
are used, air is entrapped if the distribution of the 

is not uniform. H a small amount of gas 
1s present, the explosive may be detonated by the 
gentlest of blows. With nitroglycerine, for example, 
when a bubble as small as 5 x 10-• em. in radius is 
present, an explosion may occur with the impact of 
40 gm. falling 0 ·5 em. (impact energy 20 gm. em., 
rate of approach of surfaces 30 cm.fsec.). In the 
absence of gas bubbles, impact energies of the order 
of 106-1G6 gm. em. and high rates of approach are 
necessary. The initiation is due to the adiabatic 
compression and heating of the entrapped bubble. 
Although the limiting sensitivity varies with different 
explosiv:es, .the effe?t is quite general and applies to 
all the hqmd, gelatmous and plastic explosives which 
have fru: been studied. It also applies to solid 
explosives 1f they are melted or are dissolved in 
various organic solvents such as benzene and dioxan. 

There is some evidence that explosion can take 
place when the pressure ratio is about 20 : 1, and 

calculations suggest that the temperature 
r1se m the gas bubble must be c. 400° C. for initiation 
to occur, but it is usually considerably greater. H a 
gas of low y, such as ether (y = 1·08) or carbon 
tetrachloride (y = 1·13) is used instead of air 
(y = 1·4), the sensitivity is correspondingly de
creased. 

It is that initiation occurs in the vapour 
phase mside the bubble. The explosion spreads 
outwards from this tiny hot bubble and is prop
agated through the surrounding explosive. Photo
graphic and electric measurements show that 
initiation occurs at, or a few microseconds after, the 

moment of impact, and the explosion, which 
at bubble as a comparatively gentle burn

mg, 1s rapidly transformed into a more violent 
explosion with a velocity exceeding 1,000 metres a 
second. Experiments at low pressure show that the 
amount of included gas necessary to render the ex
plosive sensitive to these small impacts is minute. 
The mass of entrapped gas can be as small as 
3 .x .10-u gm., and quantity of heat developed 
w1thm the bubble durmg Its compression only c. I0-7 
calories. Bubbles size may easily be entrapped 
under .many. conditwns of !a bora tory and practical 
operatwn. Smce they are difficult to see ev;en with a 

microscope, they readily escape detection and, under 
appropriate conditions, they may constitute a serious 
hazard. 
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Carriage of Plague by the Common 
Brown Rat (Rattus norvegicus) 

IN Nature of December 8 it is asserted, without 
comment, that the common rat of Britain (Rattus 
norvegicus) does not carry plaguet. 

.This belief often arises because plague in the 
Middle Ages was, at least in Western Europe, carried 
by the 'black' rat, R. rattus ; at that time R. nor
vegicus_ had not spread so far•. The spread of R. 
norvegwus, and the decline of R. rattus since the 

of the .eightee.nth century, have taken place 
m a periOd durmg whwh there has been relatively 
little plague in Europe. 

The absence of plague is, however, not attributable 
simply to the absence of R. rattus. R. norvegicus 

well known to be a vector of plague•. A clear 
mstance of the relationship between infection of this 
species and human infection is provided by the recent 
outbreak in Malta. 

The outbreak began in June 1945. The dominant 
rat in Malta is R. norvegicus, which is of general 
?ccurrence both in towns and countryside, and even 
m the port and dockyard areas. During the period 
October 1944 to September 1945, of the rats exam
ihed in the Government laboratories 36 376 were 
R. norvegicus and 2,903 were R. rattus. 'up to Decem
ber 1, 1945, 17 rats had been shown to be infected 
with plague. Of these, 12 were R. norvegicus. One 
of the of infection was the small inland village 
of where there were 14 human cases during 
the perwd 2?-August 7, 1945. Here R. norvegicus 
was clearly Implicated : the first four infected rats 
were caught in this area, and were all of this species. 
Three of them were taken from a refuse heap, and 
Dr. J .. Morana, the medical officer of health, clearly 
established the relationship between this refuse 
collection and infection of human beings. 

The figures of rats examined, and of rats shown 
to be infected plague, have been kindly supplied 
by Prof. V. J. M1fsud, analyst and bacteriologist to 
the Government of Malta. 
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