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(71) W e , UNITED KINGDOM ATOMIC 
ENERGY AUTHORITY, London, a British 
Authority, do hereby declare the invention, 
for which we pray that a patent may be 

5 granted to us, and the method by which it 
is to be performed, to be particularly des-
cribed in and by the following statement: — 

This invention relates to nuclear explo-
sion detection systems for explosions tak-

10 ing place at or above ground level. 
In our copending Application No. 

20289/66 (Serial No. 1,165,331) there is 
described and claimed a detection system 
which receives the transient radiofrequency 

15 signal and the fast- and slow-rising portions 
of the transient optical signal radiated from 
a nuclear explosion, and generates three 
corresponding output pulses only if these 
signals meet specified rate-of-rise, duration 

20 and amplitude criteria. These pulses, if 
generated, are combined to give an output 
only if they occur in a specified time-
sequence. The occurrence of this output in-
dicates a nuclear explosion and not, for 

25 example, a lightning flash. Additionally, 
the yield of the explosion may be measured 
as the time to the start of the slow-rising 
portion. 

The present invention provides an im-
30 proved system which enables the range of 

detection to be extended to lower yields 
(which may be below 1 kiloton under suit-
able conditions), and the chance of false 
alarms due to e.g. lightning to be reduced. 

35 The present invention provides a nuclear 
explosion detection system including means 
for receiving the radiated transient optical 
s'gnal, and means whereby the occurrence 
of an explosion cannot be indicated unless 

40 said signal satisfies selected criteria, wherein 
said svslem comprises means purposed to 

check that the duration of a part of the 
optical signal bears a predetermined propor-
tional relationship to the duration of another 
part of the optical signal, said checking 45 
means being additional to any means which 
may be included for checking the absolute 
durations of either or both said portions. 

The system may comprise means for de-
riving at least one time-interval which in- 50 
eludes a multiple of the duration of a given 
part of the optical signal, and means for 
comparing the duration of another part of 
the optical signal with said time-interval. 

The system may also include means for 55 
receiving the radiated transient radio-
frequency signal and means whereby the oc-
currence of an explosion cannot be indi-
cated unless the radiofrequency signal and 
the optical signal satisfy selected criteria. 60 
The system may comprise means for receiv-
ing both the fast-rising and the slow-rising 
portions of the optical signal and means for 
indicating the occurrence of an explosion if 
said radiofrequency signal and both said 65 
optical portions satisfy selected criteria. 

The time-interval deriving means may be 
arranged to derive a first time-interval which 
includes a multiple of the time to the first 
optical maximum, and a second time-inter- 70 
val which includes a multiple of the time 
to the first optical minimum, the comparing 
means being arranged to compare substan-
tially the time to the first optical minimum 
with said first derived time-interval and to 75 
compare the time between the first optical 
minimum and the second optical maximum 
with said second derived time-interval. The 
first time-interval may also include a fixed 
time. 80 

The system may be arranged so that an 
explosion cannot be indicated unless sub-
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stantially the time to the first optical mini-
mum is less than said first time-interval, and 
may be further arranged so that an explo-
sion cannot be indicated unless the time be-

5 tvveen the first optical minimum and the 
second optical maximum exceeds said second 
derived time-interval or a fixed time, which-
ever is the lesser. 

As a substitute for, or in addition to, de-
10 riving said second time-interval and com-

paring it with the time between the first 
optical minimum and the second optical 
maximum, the system may comprise means 
for deriving a further time-interval which 

15 includes a multiple of the time to the first 
optical maximum, means for comparing said 
further time-interval with substantially the 
time to the first optical minimum, and 
means whereby an explosion cannot be in-

20 dicated unless substantially the time to the 
first optical minimum exceeds said further 
time-interval. Where such means are sub-
stituted, it is unnecessary to provide means 
for receiving the slow-rising portion of the 

25 optical pulse. 

One form of nuclear explosion detection 
system according to the present invention 
comprises means for receiving the transient 
radio-frequency signal radiated from the ex-

30 plosion, means for deriving from said radio-
frequency signal a first output pulse if its 
rate of rise exceeds a predetermined value, 
its duration is less than a predetermined time 
and its field-strength exceeds a predeter-

35 mined level, means for receiving the fast-
and slow-rising portions of the transient 
optical signal radiated from the explosion 
and converting them to electrical signals, 
means for deriving from said fast-rising por-

40 tion a second output pulse if its rate of rise 
exceeds a first predetermined value, means 
for deriving from said slow-rising portion 
a third output pulse if its rate of rise ex-
ceeds a predetermined value, and means 

45 for causing the occurrence of said first, 
second and third output pulses to indicate 
a nuclear explosion provided that: 
(a) said second pulse occurs within a pre-

determined time of said first pulse, 
50 (b) said second pulse does not exceed a 

predetermined duration unless the rate 
of rise exceeds a second rate of rise 
greater than said first rate of rise, 

(c) said third pulse commences more than 
55 a predetermined time after the end of 

said second pulse but less than a time 
thereafter which exceeds the duration 
of said second pulse. 

(d) said third pulse has a duration which 
60 exceeds the time between the end of 

the second pulse and the commencement 
of the third pulse. 

In (c) above, the time thereafter may be 
a function comprising a multiple of the 

duration of said second pulse; this function 65 
may also include a fixed time. 

In (d) above, the duration may exceed 
either a time which is a function comprising 
a multiple of the time between the end of 
the second and the commencement of the 70 
third pulse or a predetermined time, which-
ever is the lesser. 

Additionally, it may be arranged that the 
first output pulse is only derived if said 
predetermined field strength level is reached 75 
within a predetermined time of the pre-
determined rate of rise and duration. 

The times which are multiples of given 
pulse or part-pulse durations may be derived 
by feeding clock pulses at one repetition 80 
frequency to a reversible counter during the 
given duration in one direction, and sub-
sequently feeding clock pulses at a sub-
multiple of said repetition frequency to the 
counter in the reverse direction to return 85 
the counter to a predetermined condition. 

To enable the nature of the present in-
vention to be more readily understood, 
attention is directed by way of example to 
the accompanying drawings wherein 90 

Fig. 1 is a graph of the front edge of a 
form of radiofrequency transient radiated 
by a nuclear explosion as received at a 
distance, on a linear time-scale. 

Fig. 2 is a graph of the form of optical 95 
transient radiated by such an explosion, on 
a quasi-logarithmic time-scale. 

Fig. 3 is a diagram illustrating optical 
logic criteria in an embodiment of the pre-
sent invention. 100 

Fig. 4 is a block schematic circuit dia-
gram of the embodiment whose logic criteria 
are shown in Fig. 3. 

The radiofrequency transient radiated by 
a nuclear explosion and detectable by an 105 
aerial can take complex forms, but as is 
known, all include a front edge representing 
a rapid change of field strength, of either 
polarity. Fig7 1 shows such a front edge. 
In the embodiment to be described, this 110 
front edge must satisfy the following criteria 
to be characteristic of a nuclear explosion, 
viz. (capital letters refer to Fig. 1) 

(a) Peak field strength (A) > ± 3 V / m e t r e . 
(b) Rate of rise of field 115 

strength (B) >5V/m/ jnsec 
(c) Duration of rate of 

rise (B) <2.5ft sec 
(d) The specified peak field strength (a) 

must be reached within 2.5/x sec of the 120 
occurrence of the rate of rise of field 
strenath having value (b) and duration 
(c). ~ 

The optical transient radiated by a nuclear 
explosion and detectable by a photo-cell is 125 
represented in Fig. 2 and is also known. 

The time-intervals in Fig. 2 are in the 
following approximate ratios: 
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0->T1MAX : T 1 MAX-YIMIN: TMIN->T2MAX 
1 : 100 : 1000 

U M A X , TMIN a n d T2MAX a r e c o m m o n l y 
termed the first maximum, first minimum 

5 and second maximum respectively. 
Typical approximate values for different 

yields are: 

lkT 40 /j.sec : 4.5 msec : 32 msec 
10MT 4 msec : 250 msec : 3200 msec 

10 30MT 7 msec : 410 msec : 5500 msec 

The time to TMIN is the most consistent 
value and can be used to measure the yield. 
It will be noted that the time to TMIN is sub-
stantially the same as the time-interval 

15 T1 MAX—>TMIN, viz. t o w i t h i n 1 o r 2%. 
In the present invention there is derived 

from the fast rising portion, terminating at 
TIMAX, a pulse termed the 01 pulse; from 
the slow-rising portion, beginning at TMIN 

20 and ending at T2MAX, there is derived a 
pulse termed the 02 pulse. In the present 
embodiment the rates of rise of the fast-
and slow-rising portions, indicated at D and 
E respectively, must exceed minimum values 

25 to generate these pulses, whose duration is 
equal to the time for which they are ex-
ceeded. These durations, and the pulse 
sequence, are indicated in Fig. 3 where, 

F = 01 pulse front edge 
30 G = 01 pulse back edge (TIMAX) 

H = 02 pulse front edge (TMIN) 
K = 02 pulse minimum rate of rise per-

sisting. 

In the present embodiment the criteria 
35 which must be satisfied to characterise a 

nuclear explosion are as follows: 

(i) F must occur and be maintained with-
in 200 /isec of the radiofrequency tran-
sient criteria set out above. 

40 (ii) F—G duration must not exceed 6.3 
msec unless rate of rise of fast portion 
of optical transient exceeds a prede-
termined high value 

(iii) H must occur > 1 msec after G but 
45 <(20 msec + 200 X F—G duration) 

after G. 
(iv) K must persist for > 3 X G—H dura-

tion or >384 msec, whichever is the 
lesser. 

50 The embodiment shown in Fig. 4 will 
now be described, but first certain con-
ventions used in the logic will be stated. 

Nand gates 
These are shown as N l , N2, etc. They 

55 are all positive gates, i.e. a positive output 
represents "1" and a negative output repre-
sents "0", and operate in a known manner 
according to the following truth table: 

Input A Input B Output Q 

0 0 1 60 
0 1 1 
1 0 1 
1 1 0 

Inverters 
These are shown as II, 12 etc. They pro- 65 

dure an output of opposite polarity to their 
input. 

Bistable flip-flop etc. outputs 
Q = Positive output (i.e. normally nega-

tive = "0") 70 

Q = Negative output (i.e. normally posi-
tive = "1") 

Miscellaneous 
S = Set Q to "1" (from "0") 
R = Reset (opposite to S) 75 
CP = Clock pulse input 
U / D = Up/Down steer 
HOLD = Bistable latch 
Y = Back edge of 01 pulse to front 

edge of 02 pulse 80 

Radiofrequency pulse processing channel 
This channel receives and processes the 

radiofrequency (RF) pulse to establish 
whether or not it passes the criteria 
already stated. The R F pulse is re- 85 
ceived on a 0.5 metre rod aerial AE1 
and fed via a broadband (12 kHz—5 
MHz) attenuator and emitter-follower A1 to 
an amplitude-discriminating sub-channel con-
sisting of an amplifier A2, an OR gate OR1 90 
and a level detector Dl , the latter being a 
tunnel diode. Amplifier A2 has a rise-time 
of 50 nsec, a droop of less than 6% in 2.5 
ji.sec and unity gain. 

The R F pulse may have either positive or 95 
negative polarity. For this reason all ampli-
fiers used in this channel are linear for either 
polarity pulse. The output of amplifier A2 
is therefore arranged to deliver both positive 
and negative-going pulses which are com- 100 
bined in the linear OR gate OR1 to provide 
a unidirectional output independent of the 
polarity of the received signal. This output 
is fed to a level detector Dl which is set to 
a threshold of 0.5V corresponding to + 3 V / m 105 
at the aerial. The resulting pulse from Dl 
triggers a monostable multivibrator M l 
which generates a 2.5 fisec positive gate 
pulse PI. 

The output from A1 is also fed to a 110 
raise-time and leading-edge duration criteria 
sub-channel. This consists of a differentiat-
ing amplifier A3, having an effective input 
time-constant of 22 nsec and bipolar level 
detectors D2 and D3 (which are tunnel 115 
diodes), in order to accommodate input 
pulses of either polarity. 
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The time-constant and the gains of the 
two amplifiers A1 and A3 are such that a 
signal with a rate of rise >5V/m/_nsec will 
operate one of the two level detectors. A3 

5 has a rise-time of 15 nsee, a droop <6% 
in 2.5 psec and a gain of 60. 

The outputs from the level detectors D2 
and D3 are pulses whose duration is that 
of the part of the front edge which is above 

10 the given rate of rise, and are fed to a com-
plex of cross-coupled Nand gates N and 
inverters I identified as CGI. The circuit 
CGI ensures that only the initial differen-
tiated detected pulse is passed through to 

15 the next stage, without artificial lengthening 
as may be caused by a signal having a wave-
shape of triangular form. Under the latter 
conditions it can be shown level detectors 
D2 and D3 will both operate, with the result 

20 that a valid signal would be rejected by the 
<2 .5 /r,sec criterion, to be described later. 
CGI operates so that receipt of the first 
valid signal from either D2 or D3 inhibits 
passage of a signal from the other detector 

25 for a period determined by time-constant 
C1R1 or C2R2. 

The outputs from both detectors are con-
nected to a Nand Gate N1 which provides 
a positive output pulse of duration equal 

30 to or slightly greater than the length of that 
part of the leading edge of the R F pulse 
which has a rate of rise >5V/m/,«.see. 

After phase-reversal by II to produce a 
pulse P4, the front edge of the latter triggers 

35 a 2.5 psec monostable multivibrator M2, 
the output of which is connected to one 
input of a Nand gate N2. The other input 
of this gate is fed directly by pulse P4. 
N2 delivers an output pulse provided the 

40 input pulse P4 is shorter than the 2.5 //.sec 
pulse from M2, thus satisfying the <2 .5 
[isec criterion. 

The output pulse from N2 is used to 
trigger a further 2.5 usee monostable mulfi-

45 vibrator M3 which when in coincidence with 
the pulse PI from Ml , as determined by 
Nand gate N3, produces an output pulse 
which triggers a 200 /.tsec gate generator 
M4. The occurrence of a 200 usee pulse 

50 at this stage indicates that all the radio-
frequency pulse criteria have been satisfied. 

The additional delay of 2.5 /.'.sec introduced 
by M3 serves to ensure coincidence with PI 
when the input signal is only a little above 

55 the 3V/m level. It is possible, under these 
conditions, that D1 will not on crate until 
more than 1 jusec or or after the onset of 
the accepted rate of rise. Such a situation 
can arise, for example, when a low-mounted 

60 aerial is used, or where the aerial is screened. 
Where an adequate input signal is obtainable 
from the aerial, this feature may not be 
required. 

The 01 optical processing channel 
65 The optical signal which is detected by 

an array of photo-cells S01 is differentiated 
by an input transformer Tl , and amplified 
by an amplifier A4 to a sufficient level to 
operate a level detector D4 which is a 
Schmitt trigger circuit. The amplifier A4 70 
and preceding circuitry are arranged to de-
liver an output of 1 volt, for an optical 
signal having a minimum rate of change 
appropriate to the smallest weapon under 
the worst prescribed conditions of range 75 
and attenuation viz. 300 mW/cnr.sec. Dif-
ferentiating transformer Tl has a response 
time-constant of about 45 /.isec, a primary: 
secondary turns ratio of 1:10, a primary 
inductance of 3 niH, a primary resistance of 80 
<0 .5 ohm and a resistor of 75 ohms across 
the primary winding to provide 1.5 times 
critical damping of the oscillatory circuit 
formed by the primary inductance and 
photo cell self-capacitance. Amplifier A4 85 
has a rise-time < 4 sec, a droop < 2 % in 8 
msec and a gain of 1600. The output of 
D4 is fed as pulse P5 to the 01 logic 
circuitry. 

The array S01 comprises 5 matched 90 
Ferranti MS7B silicon photo-voltaic cells 
connected in parallel and mounted with their 
sensitive surface in the vertical plane, on 
the periphery of a horizontal circle, be-
tween two horizontal circular plates. As a 95 
result of these the cell array has a polar 
diagram of 360° in the horizontal plane and 
limited to an included angle of 20° in the 
vertical plane. This limitation reduces to 
a minimum interference due to variation 100 
in direct sunlight, known as "twinkle". The 
cell array is mounted below the aerial system 
AE1. Filters of Chance (Read. Trade 
Mark) glass OGR2 and ON22 f mm thick 
are mounted in front of the cells to centre 105 
the optical acceptance band on a wavelength 
of 0.56 microns with a band-width of 0T05 
microns. The cells are arranged to operate 
in a linear mode over a wide range of light 
levels by connecting them to a load of very 110 
low DC resistance, viz the primary resistance 
of transformer T l . This ensures that they 
have the same sensitivity to light transients 
and to ambient light conditions. 

Because of saturation effects under high- 115 
level signal conditions, when a pulse-lengthen-
ing effect occurs, an alternative high-level 
channel attenuator ATI (ratio 10:1) and 
level detector D5 is also incorporated. D5 
detects at a level >300mV referred to T l 120 
primary. The first part of the 01 logic 
circuit, consisting of inverter 12 and Nand 
gate N4, ensures that the front edge of the 
01 pulse occurs within 200 jxsec of the start 
of the radiofrequency pulse. The combina- 125 
tion of the 12, N4, and the 11 ftsec time-
constant C3R3 forms a front-edge selector 
circuit for the 01 pulse and operates as 
follows. Assume that input A to N4 is in 

"1" state. On receipt of pulse P5 130 the logic 
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input C assumes logic level "1" and since 
input B is already at this level, the output 
from N4 changes to "0". Meanwhile capa-
citor C3 is being discharged by the pulse 

5 from 12, towards level "0". When this state 
is reached N4 changes state to level "1". 
Thus, depending on the time-constant C3R3, 
a negative pulse occurs at the output of N4 
coincident in time with the front edge of 

10 the input pulse thereto. Furthermore, be-
cause the 200 /xsec pulse from M4 is applied 
to the A input of N4, an output from the N4 
gate will only be generated when the front 
edge of the 01 pulse is coincident with the 

15 radiofrequency pulse. 
The remainder of the logic circuitry associ-

ated with the 01 channel performs the follow-
ing functions: — 

1. It measures the duration of the 01 
20 pulse. 

2. If the duration is greater than 6.3 
msec, and provided no high-level rate of 
rise signal has been received, the 01 signal 

Hold flip-flop Fl State 

Q 1 
Q 0 
S 1 

50 R 0 
Reversible Counter CI 

is rejected and the logic system is reset to 
the initial 'wait' position. 25 

3. At the end of the 01 pulse i.e. at 
TIMAX, a further pulse is generated whose 
duration is related to that of the 01 pulse 
as the function 200 X TIMAX + 20 msec. 

This pulse is termed the 01 criteria pulse 30 
(see Fig. 3). 

4. If a high-level pulse is received, the 
resetting circuits are inhibited until the end 
of the 01 criteria pulse, which under these 
circumstances will be much longer than with 35 
a normal pulse. 

To perform these logic functions and to 
generate the pulses indicated above, the 
components of the 01 sub-system consists of 
a 10-bit reversible counter CI, Nand gates 40 
N5—N12, and inverters 12—14. 

Prior to the occurrence of pulse P6 result-
ing from the coincidence of the R F and 01 
pulses at N4, it is convenient to establish 
the logic states of the various circuit ele- 45 
ments as follows: 

Nand gates N Output 

5 1 
6 1 
7 0 
8 1 
9 1 

55 

All Q 
All Q 

U / D 
Reset 

Set 10 

10 
11 
12 

The 01 pulse from N4 performs two func-
tions; it sets the Hold flip-flop F1 so that 

60 Q->1 and Q-i>0 and sets up counter CI 
to the 10-state such that the subsequent 
count will start from an apparent time of 
100 ;usec. 

When Q 1, N6 allows 10 /isec clock 
65 pulses to reach the input of the counter CI 

via N7, and also sets CI to the Count-Up 
state via 13. The counter now commences 
to accumulate pulses at the clock pulse rate. 

When the set-to-10 condition of CI is 
70 created, gate N12 changes state from 0 1, 

thus providing the front edge of a 01 zero-
detect pulse. 

The counter CI continues to accumulate 
the 10 //sec clock pulses until either (a) the 

75 end of the 01 pulse or, (b) the number of 
counts registered reaches 640 which repre-
sents a duration of 6.3 msec of the 01 pulse. 

At the latter time output Q/128 and 
Q/512 of CI are both at logic level 1 giving 

80 a 0 level output from gate N10 which resets 
F1 to the original state via N5 and the 
counter CI to zero by means of 14 and 

N i l . The 01 signal is therefore rejected as 
not being derived from an explosion and the 
circuit remains in the wait condition. 85 

If at the same time a high-level signal 
had occurred, the flip-flop F2 would have 
been set from D5 via 110 so that its output 

Q 0 and this would have inhibited the 
reset of the counter CI by virtue of gate 90 
N i l . The mode of operation would then re-
vert to condition (a) above, to be now 
described. 

Under these conditions, on the termination 
of the 01 pulse P5, F1 is reset by N5 apply- 95 
ing level 0 via 18 to input R of F l . The 
change of state of F l switches the counter CI 
to the Count Down state via 13, inhibits the 
10 jusec clock pulses by means of gate N6, 
and release gate N8 so that 2 msec clock 100 
pulses are fed to the counter via N8 and 
N7. This latter condition is possible be-
cause the third input of N8, from N12, is 
in the 1 condition. 

The counter CI now commences to count 105 
down at the slower rate. At the same time 
the change in logic levels at the input of N9 
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creates at its output the negative front 
elge of the 01 criteria pulse. The count 
down continues until the counter has sub-

tracted all the registered counts, at which stage 
5 the zero detect gate N12 changes state at its 

output and returns to level 0. This results 
in the 2 msec clock pulses being inhibited 
by N8 and terminating the 01 criteria pulse 
from N9. The length of this pulse will be 

10 200 X TIMAX + 2 0 m s e c . T h e fixed 2 0 
msec time is the result of the CI Up count 
starting from 10, not zero. The multiplier 
is 200 and not 201 because the front edge 
of this pulse is initiated from the back edge 

15 of the 01 pulse. An inverted form of this 
pulse is produced by 19. 

The fixed 20 msec component of the 01 
criteria pulse corresponds to a minimum 
duration of 100 /tsec in the 01 pulse P5 

20 from D4. With a low-yield explosion, 
say < 2 kT, the correlation between the 
length of P5 and the received optical signal 
may be lost, because, for example, the rise-
time of the latter is too fast for the input 

25 circuitry. To avoid loss of genuine alarms, 
it is therefore arranged, as described, that 
any input signal which operates D4 is sub-
sequently treated as giving rise to an output 
pulse from D4 which is at least 100 fisec 

30 long, i.e. corresponding approximately to a 
2 kT explosion. 

The multiplier 200 gives a safety factor of 
2 i n t h e TIMAX: TMIN ra t io . 

The 02 optical processing channel 
35 The 02 channel responds to the slower 

rates of rise associated with the second 
optical maximum and the first minimum. 
In a similar manner to the 01 channel, de-
tection of the 02 pulse is carried out by 

40 photo-cells S02, a differentiating transformer 
T2 and amplifier A5. Differentiating trans-
former T2 has a response time-constant of 
about 0.6 msec, a primary : secondary turns 

ratio of 1:10, a primary inductance of 0.5H, 
a primary resistance < 4 ohms and a resistor 45 
of 820 ohms across the primary to effect 
critical damping. Amplifier A5 has a rise-
time of 0.45 msec, a droop < 1 % in 80 
msec and a gain of 5000. Again a IV 
level is detected by level detector D6 with 50 
the minimum rate of rise for which the 
equipment is designed viz. 1.8 mW/cm2.sec. 
The S02 array comprises five cells of the 
type used in the 01 channel and similarly 
mounted. The low resistance of T2 pri- 55 
mary again ensures linear mode operation. 

The logic circuitry of the 02 channel 
checks that the following criteria are satis-
fied: 

1. The start of the 02 pulse occurs with- 60 
in the duration of the 01 criteria pulse but 
not within 1 msec of the start of the 01 
criteria pulse. 

2. The 02 pulse persists for longer than 
3 t i m es t h e t i m e f r o m TIMAX t o TMIN o r 65 
longer than 384 msec. 

3. It also generates an alarm pulse if 
the criteria are satisfied. 

The first stage of the 02 logic circuit con-
sisting of 17 and N22 forms with time- 70 
constant C4R4 (11 /tsec) a front-edge selector 
in the same manner as described for the 01 
circuit. In this case there are two inputs A 
and B to gate N22 whose states must be 
suitable. Input B is fed by the 01 criteria 75 
pulse so that the front edge of the 02 pulse 
must occur in coincidence with this pulse; 
and input A, which is derived from a mini-
mum delay flip-flop F3, must also be at 
level 1 before the front edge appears at the 80 
output of N22 as a short negative pulse P7. 

The remainder of the logic circuitry con-
sists of flip-flops F3 and F4, Nand gates 
N13—N21, inverters 15 and 16, and a 10-
bit reversible counter C2. 85 

The initial conditions of the logic com-
ponents of the 02 channel are as follows: 

Minimum delay flip-flop F3 
Q 0 

Hold flip-flop F4 
Q 0 

Alarm flip-flop F5 
Q 0 

9 0 Q 
S 
R 

1 
1 
0 

Q 
S 
R 

Q 
S 
R 

1 
1 
0 

Nand gates Output 
13 1 Reversible Counter C2 

95 14 1 All Q 0 

15 0 Q 1 
16 1 R 0 
18 1 CP 0 
19 0 U/DSW 0 

100 20 0 
21 1 
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On the generation of an 01 criteria pulse, 
which is applied to gate N13 enabling 200 
/ASCC clock pulses to be fed to counter C2 
via N15, the counter will commence to 

5 accumulate pulses. When the first 5 pulses 
have been accumulated, Q / l and Q/4 of 
C2 will change to level 1 thus providing a 0 
output from N16 which sets flip-flop F3 so 
that Q 1. This change occurs 1 msec 

10 after the commencement of the 01 criteria 
pulse which enables gate N22 to provide an 
output pulse P7 coincident with the front 
edge of 02 as mentioned earlier. This part 
of the circuit has therefore established two 

15 criteria, viz. that the start of the 02 pulse 
occurs within the duration of the 01 criteria 
pulse, but not earlier than 1 ms after the 
commencement of this pulse. 

The new pulse P7 generated by gate N22 
20 constitutes the start of the 02 pulse, and 

is applied to the set of hold circuit F4, which 

changes state Q —> 1 and Q —> 0. Immedi-
ately this change of state occurs, the 200 
it,sec clock pulses are inhibited by gate N13, 

25 counter C2 is changed from the Count Up 
state to the Count Down state via 15, and 
gate N14 is enabled to transfer 600 ji sec 
clock pulses to the counter via N15. The 
counter commences to count down at the 

30 slower rate. 
If on the Up Count the accumulated num-

ber has reached 640, representing a time of 
128 msec (i.e. 384 msec divided by 3), 
Q/128 and Q/512 would have changed to 

35 level 1 causing N18 to change to logic level 
0 which in turn inhibits the 200 ju,sec clock 
pulses by gate N13. The counter C2 is held 
in this wait condition until the Count Down 
process is initiated. 

40 The counting down continues until the 
counter reaches the zero condition at which 

point all the Q outputs of C2 return to 1, 
producing a 0 output from gate N20. This 
output (shown as 3 xY in Fig. 4b) is applied 

45 via inverter 16 and gate N21 which is in the 
prepared state, to the set input of an alarm 

flip-flop F5, which changes state Q 0, 
and is also applied to N14 inhibiting the 600 
/isec clock pulses. The operation of F5 in-

50 dicates that all the criteria have been met 
and that the detected signals are from a 
nuclear explosion. 

If at any time during the count-down 
process the 02 pulse ends prematurally, the 

55 02 channel is reset to the initial state and the 
signal rejected as a potential alarm, because 
of Q of F4 returns to 0 and inhibits N21. 

At the end of the 02 pulse F4 and F5 are 
reset to the initial state. C2 and F3 are 

60 reset to zero by the back edge of the 02 
pulse or of the 01 criteria pulse, whichever 
is the later. Normally this will be done 

by the 02 pulse, but under false-alarm con-
ditions it will normally be done by the 
criteria pulse. 65 

T h e effective mul t ip l icat ion of TMIN in C 2 
by a factor 3 rather than by a factor 10, as 
might be suggested by Fig. 2, is a safety 
measure to take account of the fact that 
the 02: TMIN ratio may be less than 10:1 70 
with some explosions. 

Yield measurement, storage and alarm 
Yield is measured by measuring the time 

T between the back edge of the 01 pulse 
(TIMAX) a n d t h e c o m m e n c e m e n t of t h e 02 7 5 
pulse at TMIN. The yield in kilotons is 
then given by W = 0.349T2 "5, where T is 
in msecs. T is the time-interval between 
the start of the 01 criteria pulse and the 
start of the 02 hold pulse from F4. The 80 
measurement is made by the Nand gates 
N22 and N23 and the binary-coded decimal 
counter C3. 

On receipt of the pulse from N12 via 
112, gate N23 applies a '1' to the reset 85 
input of counter C3, which is thereby changed 
from the reset to the Count condition. C3 
is thereby readied by receive 1 msec clock 
pulses via gate N22, which is enabled to 
pass them by receipt of the 01 criteria pulse 90 
from 19. The count continues until this 

gate is inhibited by the 02 hold pulse from Q 
of F4 at the commencement of the 02 signal. 
The time is therefore held for a short time 
in the C3 counter until the confirmed alarm 95 
stage is reached. 

When a genuine alarm is indicated by 
operation of F5, the information contained 
in the yield counter C3 is transferred to one 
of three permanent stores of memory ME1. 100 
A short time after this transfer, determined 
by time-constant C5R5 (4.4 /isec), the yield 
counter C3 is reset to zero by the alarm-

hold output Q of F4 via gate N23 and 111. 
The alarm output from F4 not only trans- 105 

fers the count to ME1 but also directs the 
information to the appropriate store of the 
three thereof and gives an indication of the 
number of alarms. This number has a 
maximum value of three, at which time a 110 
"stores full" indication is displayed. The 
system is so arranged that in the event of 
more than three alarms, information relating 
to the last three occurrences is registered. 

The logic circuitry controlling the trans- 115 
fers and the registration of the state of the 
stores comprises a divide-by-3 counter C4, 
decoders DE2 and DE3, flip-flop F6 and 
gate N24. The alarm state 0 level from 
F5 is applied to the counter C4. The out- 120 
put of this counter is decoded by DE2, com-
prising three Nand gates N and three in-
verters I connected as shown, and applied 
to the latch memory circuit ME1. It is 
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arranged that the first alarm pulse transfers 
the information to store 1 of ME1, the 
second to store 2 and the third to store 3 
thereof. A further decoder DE3 also takes 

5 the information from C4 and presents a 
numerical display of the number of alarms 
received at ND1. On the receipt of 3 alarm 
pulses, a flip-flop F6 is set by an output 
from DE2 which sives a visual indication 

10 of "stores fall" at SF. 
An audible and visual alarm is also pro-

duced for each event on unit AVI by means 
of flip-flop F7, counter C5 and 116. These 
circuits produce a 30 sec audible note, the 

15 timing being from a 10 sec clock pulse. 
A manually-controlled reset memory flip-

flop F8 is provide! to clear the stores to an 
initial zero condition upon switching on the 
apparatus. 

20 Read out 
In order to read out the information con-

tained in any one store of ME1 a manual 
switch SW1/1 selects the appropriate store 
and the information is decoded by DEI and 

25 transferred to a decimal numerical display 
ND2. The information contained within 
ME1 is not destroyed by transfer and re-
mains available for future reference. 

Time of recorded alarms 
30 The system incorporates an arcuate digital 

clock comprising a biliary-coded decimal 
counter C6 which records Isec clock pulses. 
When an alarm occurs the time of this event 
is transferred into one store of a three-store 

35 memory ME2 in the same manner as the 
yield is recorded. On manual selection of a 
specific store of ME2 by SW1 /2, the time of 
the alarm is displayed numerically on ND3 
via decoder DE4. Thus both the yield and 

40 the time of the alarm are displayed simul-
taneously. 

The various clock pulses are obtained 
from a 1 Mc/s crystal-controlled clock 
CGI and the subsequent pulse-divider chain 

45 shown. 

Performance 
It is estimated that, with the described 

embodiment, the detection and recognition 
probability for a minimum range of 100 km 

50 is in excess of 90% for all weather con-
ditions typical of northern Europe. The 
measurable yield values range from 3kT to 
10 MT and have a 95% probability of being 
within +45% of the true value (+25% if 

55 the exnlosion is known to be atmospheric or 
ground). The low end of the range is set 
by the input sensitivity and by the criterion 
t h a t t h e t i m e b e t w e e n TIMAX a n d TMIN 
must exceed 1 msec. The high end of the 

60 range is set by the criterion that the time 
to TIMAX must not exceed 6.3 msec (which 
value includes a tolerance for the uncertainty 

to the time of TIMAX). The high end of 
the range can be increased to 30 MT by in-
creasing the latter time to 8 msec, the output 65 
to gate N10 being modified accordingly. 

The false alarm rate is estimated at a few 
tens per annum and will occur during clearly 
apparent local thunderstorms. If several de-
vices are spaced at more than 30 km (be- 70 
vend the range of local thunderstorm effects) 
and only those alarms occurring co-incident-
ally at several locations are treated as true 
alarms, the number of false alarms will be 
unlikely to exceed one per annum. 75 

The embodiment will also detect and 
recognise atomic explosions from 3 kT down 
to tlie sub-kT region with some loss of 
system sensitivity and with some uncertainty 
(to a factor of a few times) in the calculated 80 
value of such yields. 

The circuits reset rapidly after responding 
to input signals, false or genuine. 

It will be understood that the invention is 
not limited to the details of the described 85 
embodiment, including the particular values 
of amplitudes, time-durations, multiples, etc 
used. The latter may be altered according 
to the required performance, particularly 
the permissible false-alarm rate. The use 90 
of digital circuitry, particularly counters CI 
and C2, simplifies such modifications, but is 
not an essential feature of the invention. 

Other Embodiments of the Invention 
The principle of comprising the durations 95 

of different parts of the transient optical 
signal can be used in other arrangements 
than that of the above-described embodiment. 
For example another 01 optical criterion 
can be included, in furtherance of a low 100 
false-alarm rate, by checking that the time-
i n t e rva l TIMAX TMIN is n o t less t h a n a 
given multiple of the time-interval 0 
TIMAX. A suitable value of multiple is 
X 25. Thus, referring to Figure 3, the 105 
criterion is that G—H duration > 2 5 X F—G 
duration. This criterion can be checked by 
using a reversible counter and clock pulses 
of different repetition frequencies as already 
described. 110 

The above comparison may be additional 
to the comparisons effected in the preferred 
embodiment, or may be substituted for the 
check on the duration of the 02 pulse, K in 
Figure 3. In the latter case the 02 optical 115 
processing channel can be omitted altogether. 
The occurrence of TMIN can then be de-
tected by a level detector which detects when 
the slope of portion L in Figure 2 falls below 
a threshold value. This means for detecting 120 
TMIN (H in Figure 3) can also be substituted 
for detecting when the slope of portion E 
exceeds a threshold value by means of D6 
in the preferred embodiment. 

The comparison of the durations of dif- 125 
ferent parts of the optical signal can be 
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effected by means other than a reversible 
counter. For example a given multiple of 
the duration of one part of the signal can be 
derived by charging a capacitor during that 

5 part with a first time-constant and dis-
charging it with a second time-constant which 
is the given multiple of the first. 

WHAT WE CLAIM IS: — 
1. A nuclear explosion detection system 

10 including means for receiving the radiated 
transient optical signal, and means whereby 
the occurrence of an explosion cannot be 
indicated unless said signal satisfies selected 
criteria, wherein said system comprises 

15 means purposed to check that the duration 
of a part of the optical signal bears a pre-
determined proportional relationship to the 
duration of another part of the optical sig-
nal, said checking means being additional 

20 to any means which may be included for 
checking the absolute durations of either or 
both said portions 

2. A system as claimed in claim 1 com-
prising means for deriving at least one time-

25 interval which includes a multiple of the 
duration of a given part of the optical 
signal, and means for comparing the dura-
tion of another part of the optical signal 
with said time-interval. 

30 3. A system as claimed in claim 1 or 
claim 2 including means for receiving the 
radiated transient radiofrequency signal and 
means whereby the occurrence of an ex-
plosion cannot be indicated unless the radio-

35 frequency signal and the optical signal satisfy 
selected criteria. 

4. A system as claimed in claim 3 com-
prising means for receiving the fast-rising 
and the slow-rising portions of the optical 

40 signal and means for indicating the occur-
rence of an explosion if said radiofrequency 
signal and both said optical portions satisfy 
selected criteria. 

5. A system as claimed in claim 4 com-
45 prising time-interval deriving means arranged 

to derive a first time-interval which includes 
a multiple of the time to the first optical 
maximum, and a second time-interval which 
includes a multiple of the time to the first 

50 optical minimum, the comparing means be-
ing arranged to compare substantially the 
time to the first optical minimum with said 
first derived time-interval and to compare 
the time between the first optical minimum 

55 and the second optical maximum with said 
second derived time-interval. 

6. A system as claimed in claim 5 where-
in said first time-interval also includes a fixed 
time. 

60 7. A system as claimed in claims 5 or 
6 wherein an explosion cannot be indicated 
unless substantially the time to the first 
optical minimum is less than said first time-
interval. 

8. A system as claimed in claim 5, 6 or 65 
7 wherein an explosion cannot be indicated 
unless the time between the first optical 
minimum and the second optical maximum 
exceeds said second derived time-interval 
or a fixed time, whichever is the lesser. 70 

9. A system as claimed in claims 1, 2, 
3 or 4 comprising means for deriving a 
time-interval which includes a multiple of 
the time to the first optical maximum, means 
for comparing said time-interval with sub- 75 
stantially the time to the first optical mini-
mum, and means whereby an explosion 
cannot be indicated unless substantially the 
time to the first optical minimum is less 
than said time-interval. 80 

10. A system as claimed in claim 9 
wherein said time-interval also includes a 
fixed time. 

11. A system as claimed in claims 1, 2, 
3 or 4 comprising means for deriving a time- 85 
interval which includes a multiple of the time 
to the first optical maximum, means for 
comparing said time-interval with substan-
tially the time to the first optical minimum, 
and means whereby an explosion cannot be 90 
indicated unless substantially the time to the 
first optical minimum exceeds said time-
interval. 

12. A system as claimed in claims 5, 6, 
7 or 8 wherein the means for deriving a 95 
time-interval which is a multiple of the 
duration of a given part of the optical pulse 
comprises a reversible counter, means for 
feeding clock pulses at one repetition fre-
quency to the counter during the given dura- 100 
tion in one direction, and means for sub-
sequently feeding clock pulses at sub-multiple 
of said repetition frequency to the counter 
in the reverse direction to return the counter 
to a predetermined condition. 105 

13. A system as claimed in claim 2, 3, 
9, 10 or 11 wherein the means for deriving 
a time-interval which is a multiple of the 
duration of a given part of the optical pulse 
comorises a reversible counter, means for 110 
feeding clock pulses at one repetition fre-
quency during the given duration in one 
direction, and means for subsequently feed-
ing clock pulses at a sub-multiple of said 
repetition frequency to the counter in the 115 
reverse direction to return the counter to a 
predetermined condition. 

14. A system as claimed in claim 2 or 
claim 11 wherein the means for deriving a 
time-interval which is a multiple of the 120 
duration of a given part of the optical pulse 
comprises a capacitor arranged to be charged 
with a first time-constant during that part 
of the pulse and to be subsequently dis-
charged with a second time-constant which 125 
is the given multiple of the first time-constant. 

15. A nuclear explosion detection svs-
tem comprising means for receiving the 
transient radiofrequency signal radiated from 
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the explosion, means for deriving from said 
radiofrequency signal a first output pulse 
if its rate of rise exceeds a predetermined 
value, its duration is less than a predeter-

5 mined time and its field strength exceeds a 
predetermined level, means for receiving the 
fast- and slow-rising portions of the tran-
sient optical signal radiated from the ex-
plosion and converting them to electrical 

10 signals, means for deriving from said fast-
rising portion a second output pulse if its 
rate of rise exceeds a first predetermined 
value, means for deriving from said slow-
rising portion a third output pulse if its 

15 rate of rise exceeds a predetermined value, 
and means for causing the occurrence of 
said first, second and third output pulses to 
indicate a nuclear explosion provided that: 
(a) said second pulse occurs within a pre-

20 determined time of said first pulse, 
(b) said second pulse does not exceed a 

predetermined duration unless the rate 
of rise exceeds a second rate of rise 
greater than said first rate of rise. 

25 (c) said third pulse commences more than 
a predetermined time after the end of 
said second pulse but less than a time 
thereafter which exceeds the duration 
of said second pulse, 

30 (d) said third pulse has a duration which 

exceeds the time between the end of the 
second pulse and the commencement 
of the third pulse. 

16. A system as claimed in claim 15 
wherein in proviso (c) said time thereafter 35 
which exceeds the duration of said second 
pulse is a function comprising a multiple 
of the duration of said second pulse. 

17. A system as claimed in claim 16 
wherein said function includes a fixed time. 40 

18. A system as claimed in claim 15 
wherein in proviso (d) said duration is either 
a time which is a function comprising a 
multiple of the time between the end of the 
second and the commencement of the third 45 
pulse or a predetermined time, whichever 
is the lesser. 

19. A system as claimed in claim 15 
wherein the first output pulse is only derived 
if said predetermined field strength level is 50 
reached within a predetermined time of the 
predetermined rate of rise and duration. 

20. A nuclear explosion detection system 
substantially as hereinbefore described with 
reference to the accompanying drawings. 55 

M. GREENHILL, 
Chartered Patent Agent, 

Agent for Applicants. 
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