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.
SUBJECT: (@Rt Rovised Acoustic Signal Period vs, Yield Data

1. General, Subseguent to the Tezpot series (February - Kay 1955), .
TD~2 reviewed all acoustic data and revised the signal period vs, yield
curves, This memorandum presents the latest information regarding deter=
mination of bozb yleld from acoustic periods,

2. Backeround,

a., Period vs, yield curves shown in Figure 1 were used prior {o
1 February 1956. These curves were obtained using data from Greenhouse,
Buster-Jangle, Tumbler-Snapper, Ivy, Upshot-Knothole, and Castle. An
average period at maximum armplitude was obtzined by averaging data from
all cross-wind and down-wind stations for each shot, Regression lines
and standard errors of estimate were obtained without weighing., Two
power-law curves were computed, one using data from shots of 0.2 to 550 KT
and the other using data from shots of 100 to 15,000 KT, The equzation for
the lower yields followst

log Y # 0,2787 = -2,00316 + 2.8,612 log P (1)
vaere Y = yield in Klotons,
P = period in seconds,

This can be written zpproxirctely,

Y = 1.0 x 10-2p2.8 (2)
The equation for the higher yields followss ¢
log Y + 0.16352 = 3,436L6 + L,05216 Yog P (3)

Tnis can be written approxinmctely,
Y = 3.7 x 10~pke0 ()

A correction was made for sm21l semple in coputing the error
of estimate for the higher yields, .

be Scveral factors made it desirabls to revise the period vs, yield

data,

(1) The Tezpot data became aveilable and needed to be zdded
\ to other data, i -

(7.



(2) The need for a single curve to cover the whole
yield range was recognized,

(3) It was necessary to review the racords for the
megaton shots in order to take into account the
frequency response of the equiprent,

(4) 1t was felt desirable to weigh the data according .
to the nucber of stations used in obtaining the
average period for each shot,

3, Levised Yield Dzta,

a2, Tables 1 through 7 give the perlods at raxdrum a=plitude
selected for each statioa for each U,S, shot,

be The mean of the periods from all down-wind and cross-wind
staticns was computed for each shot in winter and surmar. The mean of
all periods was used in spring and fell,

cs Only the acoustic portion of the wave train was used in -
selecting the periods, That is, the cisporsive wave train was elirinated
from consideration as far as possible,

d. On the larger shots where signal periods exceeded about 25
seconds an attempt was made to take into account the frequency rsponse of
the equipment in selecting thepsriod &t maximim amplitude,

e, A power-law curve was fitted by the method of least scuares to
all the cata., The standard crvor of estimate was 2lso cozputed,

fo Figure 2 gives the curve for pasriod vs., yield and the 1, 2, and
3 standard error lines, The eguation for this curve is given below,

log T + 0.27955 = ~3.1L049 + 3.85977 log P (5) «
whers Y = yi=14d in kilotons,
P = period in ssconds,
This equaticn can be written approximately,
Y = 7.2 x 1074p3.9 (6)
L, Discussion.

. The data pointe plettad on Firure 2 show thet the powsr-law given

by equation {6) fits the datz very well for yields dova to 5 KT. 3Belos 5 XT

(5,



the data points fall below the curve - that is, the indicated yield is
less than the actual yleld,

b, There is no known theoretical reason for a fourth-power
relation between period and yield, A third-power would be expected, As
a matter-of-fact, a third-powor law curve does fit the data somewhat better
than a fourth-power for ylelds lower then about 100 KT,

¢. The question has been raised soveral times whether the height

of burst affects the yield estimate, Table 8 gives the partinent data for

cach U,S, shot, Table 9 presents the actual yield and the estirated yield
for shols within a series which appear most significant towvard revealing
any altitude effects, Tor eample, compare Jangle-Surface with Jangle-
Underground, These shots had the same yield, 1.3 KT, and wore within 10 days
of each other tut one was on the surface and the other was 17 fest undor-
ground, The estimated yield was 0,75 KT for each - about l+— todo low, Or,
cozmpare Buster Baker with Jangle Surface, These shots were 1.3 KT and 3.5 KT,
respaetively, and Baker was at 1118 fest above ground, Both yield estirates
were low - Beker by 1.5+~ and Surfzce by 1,0~ . Finally, note the remarkable
sirilarity of Teapot Wasp 2 and HA, Both were 3,1 KT and they were Tired
within 8 deys of each other tut Wasp 2 was at 800 feet end HA was &t 36,000
feet. DBoth gave the same estimated yield of 0,75 - about —=2,0—error. From
all of these comparisons it is concluded that the existing data sho.s no
elfect of altitude on the zcoustic yield estimates up to altituces of 36,000

feet,

d. Another guestion frequently raised concarms the change in period
vith distance from the explosion, FPlots of period ws, distance for cach
shot are shown in Figures 3 through 9, Within the liritations of the
measurenents, no major trend is apparent,

e, The question has also been raised regarding the spplicability of
the period vs. y:.eld curve for explosions at differsnt locations, Dzta from
U,S, shots is lirited to Fcvada znd the Pacific Proving Grounds There is not
too mch overlep of data from these locations since ylelds of Levada shots
wzre 211 leass than 60 KT and yields of FP2G shots were all L
up th"ough the Castle series, #dbout all that can be said at. prese:
there is no obvious difference in results at llevada and a
data from Redwing support this conclusion for yields asjiE®

5. Conclusions,

a. Figure 2 presents a single yield vs, period curve for yields
fraa 5 KT to 20 ¥T, Even down to 1 KT the curve fits the data fairly well,

b, Estimated errors in the high yield renge (500 KT and above)
based on the data from shots of all yield probably err on the high slds,
Lote in Figure 2 that all of the points fall within the #1 standard error

renge for the higher yield shots,

imm~- oy



¢, The present period vs, yleld curve is epplicable for shots
up to 36,000 ft altitudes,

d, Available evidence, though not exhaustive, indicates that
the present period vs, yleld curve is independent of source geogrephiec

location,
18 Incls,
1. Table 1
2, Table 2
3. Teble 3
4L, Table L4
5. Table 5
6. Table 6
7. Table 7
g8, Table 8
9. Table 9
10, Figure 1
11, Fiqure 2
12, Fi ure 3
13, Tizure 4
1L, Figure 5
15, Figure 6
16, Figure 7

17, Figurc 8
18, Figure 9
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TABLE NO, 1
SIGRIAL PERIODS - OPERATION GREENHOUSE
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TABLE NO, 2

SIGKAL PEHIODS -~ OP=ZRATION BUSTER-JANGLE

Period (Sscs)

Station

Baker Charlie Dog Easy Surface Undergrou
Ft. Lewis 35~ 16 18 - e -
Pyote AFB 8 10 12 13 A 5
, Eagle Mt, Lake 5 - 12 - - -
Eglin AFB 7 - 9 15 5 5
Breckinridge 7 13 12 - 8 7
Belmar - 11 - 18 - -
Washington, D.C. __8 A — 18 - —
Mean 7 12 13 16 6 6
No. Stations 5 5 5 L 3 3

¢

Tr.is docuzment consists of ___J ____

- pecss. Cepy Noo —___s3__ of _=5____
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TABLE NO. 3

SIGNAL PERIODS - OPEZRATION TUYBLER-SHAPPER

Station

Ft, lewis

Pyote AFB

Breckinridge

Washington, D.C,

Fairbanks

Oahu

Mean

No, Statiaons

7
1

18

18

.15

15

18
16
15

Period (Sees)

5 ) 7 8. -
15 18 15 10
15 - - -
- 17 - -
15 17 15 10
2 3 1l l
¢
125 cliuzent csnsists of ____f
pesss. Copy Lice —__Sd___ of _=.1__.
CCIicS, a
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TABLE MO, 4

SIGNAL PERIODS - OPERATION IVY

Station

Hachinohe

Eyoto

Oahu

Fairbanks

Ft, Levis

San Diego

Gila Bend
VWashington, D.C.

Belmar

Thule

Mean

Ho, Stations

70
65

?
67

66
63
68
68
85
68
9

Period (Secs)

inis doc
E2GESe
giiicoriese

KING

35

36
30
33
35
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TABLE NO.

SIGNAL PERIODS - OPLRATION UPSHOT-KNOTHOLE

Period (Secs)

Stetion
Annie Kancy Ruth Dixle Ray Badger Simon Encore Harry Grable Clin:

San Diego 10 - - - - - - - - 15 -
Dateland 10 19 3 87 W ? 14 ? F - 251
Ft. Lewlis ? 22 . 17?7 - 18 18 16 VA 10 ?
Pyote 16 122 3 2 - 12 20 22 - 45 N
Barksdale 13 4 - - - - 20 17 LA - 32
\'ashington, DC 18 13 - - -  1? - ? 3= 31, 28
Eelmar 2 - - - - - - - - - -
Fairbanks ? ? - ? - 12 18 - ? 23 18
Oahu | - - - - - - 26 20 20 15 25
Thule 16 16 - 18 - 13 16 21 - - ?
Fyoto - - - - - - - - - - A9
Mean 14 15 3 1, 2 13 19 19 17 16 22
Yo, Stationa 6 4 2 3 1 5 7 5 2 N 4
‘
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TABIE NO, 6
SIGNAL PERIODS ~ OPERATION CASTLE
Station Period (Secs)

Bravo Romeo Koon Union Yankee Nectar

Hachinoche 71 7% - 55 93 . L9 -
Eyoto 7 77 - 56 82 L7
Oahu 72 73 23 ? 68 L7
Clark Field N.O, 85 22 69 70 Lo
Feirbanks ? 55 27 59 67 ?
Ft. lewls 80 ? - ? ? ?
(Los Angeles (73 (95 - (77 (85 .-
Low (San Dlego (66 (95 - (7 85 - -
2$;cy§29 Palms = ;71 «76"(95 - i %82 i 85 -
2Gila Bend (73 €97 - 72 (82 -
Washington, D,C. ? 28~ - ? ? ?
Belmar ? ? - ? ? ?
Thule ? 68 - 60 ? L0
TAG DAY 109 63 - 73 95 51
Ankara ? ? - L3 ? 39
(BEanau ? ? - (64 (72 (52
Ezweibrucken N.O. 71 - 66éés 75E78 & 555
Scotland _2 _66 i _68 17 _L3
Yean 81 70 2l 61 78 L6
lio, Stations 5 9 3 9 8 9

e il 2L

- ¥0e —d___0f D ___

Cozy d

Jwa,
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TABLE NO. 7

SIGNAL PERIODS ~ OPERATION TEAPOT

Station Period (Secs)

WASP MOTH TESLA TURK HORNET BEE APPLE 1 WASP 2 HA POST MET APPLE 2 ZUCCHINT

Ft. Lewls - - - - - - - - - - - - -
Washington, D.C. 5 8 g 15 10 - 6 10 7 15 - -
Belmar - 10 - - - - 10 - - 10 - - -
__ Falrbanks - - - - - - - - 4 - - 307 19
Thule _ - 1n - - - 1n 15 - 7 - M1 - 13
Feltwell - 10 - 16 - - - - L - - - -
Zweibrucken - - - 17 - - - - - - - - 15
Ankara - = - 23 - - - - - - - - 23
Asmara - - = 13 - - - - - - - - —
Mean 5 10 8 17 10 11 12 3 6 8 13 30? 18
No. Statfons L 4 1 5 1 1 3 1 4 2 2 17 L

s doeneonl BOUSIGLE OF —emfmme -

puges.  Copy HOe mmoodemn OF wzfmmms
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TABLE NO. 8
U._S. SHOT DATA

Location

Lat, Long, Yield
Shot GMT (deg,min,sac)  (deg.rin,sec) (RT)  Condition
Crossroads A 1 July 1946 Bikini Atold 19 KMr - 520" HOp*
Crossrcads B 24 July 1946 Eildni Atoll 20 90! underwater
Sandstone X 151817 Apr ',8 Tniwetok 37 200! tower
Szndstone Y 011809 llay 48 Enivetok L9 200! tower
Sandstone Z 151804 Yay 48 Enivetok 18 200! tower
Ronger 1 272145 Jan ‘51 Nevada 1.3 Air -~ 1100' HOB*
Ranger 2 202151:33 Jen Nevada 7.8 Air - 1100' HOB®
Ranger 3 0121).€:33 Fedb Ilevada 1.0 Kr - 1100t HOB#®
Ranger &4 022148:4,7 Feb Nevada 8.0 Air - 1100' HOB*
Ranger 5 062147:15 Feb Neveda AMr - 1435' HOB®
Greenhouse D 071833:58 Apr 151 Znivetok 300! tower
Greenhouse B 201827:00 Apr Eniwetok 300! tower
Greenhouse G ©82130:01 Mey Eniwetok 200t tover
Greenhouse I 2£1816:59 May Eniwetok t tower
Buster B 281520:09 Oct 'SY 37°05%18,7'N 116°C111,0"W Alr - 1118"' HOB®
Euster C 301500:31 Oct 37°0510L,8"N 116°01%11,0"W 15 AMr - 1132" HOB®
Buster D 011530:00 Kov 37005'11.8"11 11600111¢2,6" 21 Air - 1L17' HOB#®
Buster E 051629:58 Kov 37005131,5"N 116°01125,6"W 32 Air -~ 1314' HOB®
Jangle 8 191700:00 Fov '51 37007'53,0"N 116002120,1"W 1.3 Surface
Jangle U 292000:00 Kov 37°10'1L, 9N 116P02'35.5'W 1.3 17! underground
Turbler- _

Snapper 1 011700:08 Apr '52 36°.47'35'H 1159551577y 1.1 Mr - 793" HOB®
Tumbler-

Snapper 2 15172%:57 Apr 3705103 . 4N 116201 110.0"W 1.2 ir - 1109 HOB*
Tusbler- _

Snapper 3 221730:10 Apr 37°05'0L,0"R 116901'12,5"W 30 Ay - 347" HOB®
Tuzbler= -

Snzpper &4 011629:59 May 37°05'03.4"N 116°01'12,7"W 20 Mr - 1040' HOBH®
Tumbler=-

Snapper 5  O71214:59 May 37003110,0"%  116006'09,2"H 12 300! tower
Tunbler-

Snzpper 6  251200:00 May 37°05,2,5"N 116006%10,8" 11 300! tower
Tumbler-

Snapper 7 011155:00 June 37002152, 5N 1160011'1,2"W 154 300! tower
Turbler-

Snzpper & 051155:00 June 37903%16,5"N 116907106,1"W 1 300! towsr
Ivyike 311915:00 Oct '52 11040'K 1620121E 12,000 Surface
Ivy-King 152330:00 Nov 11035'N 162022'E 550 Mr -~ 1480!
Upshot-Fnot-

hole Annie 171320:00 Yar $53 37002152, 3 3116%01'15,7"d 16 300 tower

Upshot-Knot-

hole Kancy 2,1310:00 Har 37005',3,9"N 116906'09,9"W 24 300t tower
e L T ST S
F&5es. Copy Lo, __sT ___ of
cories, 1201/ s -
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Shot,

Upshot-Inot~
hole Ruth
Upshot~Knot~
hole Dixie
Upshot-~fnot~

hole Ray
Upshot-fnct~-
hole Badger
Upshot~fnot-
hole Simon
Upshot-fnot-
hole Encore
Upshot~"not-
hole Harry
Upshot-Knot-

DTG

(aT)

311300:00 Mar
061529:38 Apr
111245200 ApI;
181235:00 Apr
251230:00 Apr
081529:55 Yay
191205:00 ¥ay

hole Grable 251530:00 Kay
Upshot-Fnote .

hole Climax O/M114:57 June
Castle~-Brave 2818,5:00 Feb 54
Castle-Romeo  261830:00 Mar
Castle-Roon  061820:00 Apr
Castle-Union 251810:00 Apr
Castle-Yankee 0,1810:00 Yay
Castle-iectar 131820:00 I&ag
Tezpot-tiasp 1 181959:59,2 Feblss
Tezpot-toth 2213,5:00,0 Feb
Teapot-Tesla 011330:00 ¥ar
Teapot-Turk 071320:00 YXar
Tezpot-Hornet 121320:00 ler
Teapot-Bee 221305:00 ¥ar
Teapot-Ess 232030:00 lar
Tezpot-Apple 1 291255:00 Mar
Tezpot~VWasp 2 291759355 Mar
Tezpot-HA 061830:04 Apr
Tezpot-Post 091230:00 Apr
Teapst—=iet 151915:00 Apr
Teapot—Apple 2 051210:00 lay
Teapot-Zuechinil51200:00 May
1 gwam 142000:00 ¥ay

*Zeight of Burst

Location

Lat, Long,
{degomin,sec) (deg.min.scc)
37°04157,9"™8  116001'25,7"W
37905104, T"N 16001111,3"W
37905156,2"N  116005132,9'W
37008118,4"N  116°07'04.0"W
37°03'11,1"N 116°06190,.5™
36947152, 7" 115955%4,1°W
37002125 "N 116001'31.4,"W
36047152, 70 115055144170
37005104, 7T"N 116001111, ,3'"W
1101128 9" 16501612L,8"E
18 £t N 204 £t ¥ of Bravo
110291,8,0"N 165022403,L7E
11039158,5'N 165023113, 7"
Same as Union ¢ ¢
11040123,9" 162011 146,8UE
37005'13.2"3 n °ovi‘s.7"w
37902152,3"N  116°01115,7"W
37007131, 116%02'51,0"H
27°08118,5N 116°07103,2™ .
37002125, LN 116°01131.4"W
37005 5L LN 116901'25,5™W
37910'06,178  116902137,6"d
37°05L3.,9"™ 116006109.9"W
37005111, 7"  116°01118,7"W
37013 LM 116°03128,3"W
37°07119.7™ 116902103,9"W
36947152, 7°N  115955'%4L.1°W
37°03111,1"B 116005609, 5"W
37005841 LN 116°01125,5"W
2393913, %} 126°10122"W

Yield

0.2

0.2

23
52
26
32
15
65

1540.5
11+0,5

Condition

00! towar
10,216 ¥3L)
Mr - 6022' HOB®

100! towar
300t tower

300! tower
(5493" NSL)
Mr - 24237 HOB#

300" tower
(3595':sL)

Alr - 5251 HOB#*
(5523' 1SL)

Alr - 1334" HOB®
Surface -=land
Barge

0.130+0.020 Surface - land

7.0+0.3
13.581.0
EE

2,5
6.5
43
3.6
8.1
1.2
15
3.1
3.1
1.8
27
27
30
30

Barge
Earge
FETE2 000 a1t
300! tower

300! towsr

500! tower

3001 towsr

500! tower

67t underground
500! towsr

AMr - 800t alt
Alr - 35,000' alt
300 tcwer

LOOt towsr

500! towar

500t towsr

2000 undsrwater

257‘



TABLE NO,., 9
ESTIMATED YIELD VS, ALTITUDE

Actual Est,
Shot DG Helght of Burst Tield Yield Error
Jancle - 8 191700 Nov 151 Surface 1.3 0.75 -1~
v 292000 Rov 17! Underground 1.3 0,75 e o
Buster « B 281520 Oct 51 1118 fest 3.5 1.3 -1,5 ~
C 301501 Oct 1132 feet pYA 10 D5 —
E 051630 Lov 1314 feet 32 32 0
D 011530 Kov 1117 feet 21 1 0.7 ~
Tuzbler-Snabper - 5 071215 May $52 300% tower 12 20 +1,2 ~
4 011630 Kay 1040 feet 20 30 H, 7+
2 151730 Apr 1109 feet 1,2 1.3 +0,)1 ~
3 221730 Apr 3LLT feet 30 25 0,2
Ivy - ¥ike 311915 Oct 152 Surface 12,000 8,500 0,6 —
King 152330 Nov 1480 feet 550 590 +0,1—
Upshot-~Knothole
Badger 181235 Apr 153 300! tower 28 1 -1,0 —~
Grable 251530 May 525 feet 15 29 +1,0 —
Clirax 04111 June 1534 feet 65 110 +0,7 ~
Encore 081529 May 21,23 feet 26 60 41,3~
Dixde 061530 Apr 6022 fest 11 2 #1,0 ~
Teavot - Wasp 2 291800 M¥ar 800 feet 3.1 0.75 =21~
HA 061800 Apr 36,000 feet 3.1 0.75 2,1~
¢
iz VewmatLT TWIZISLS Of __L £ ____
ages. Cory Loe ___J.___ of __3____
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1. Purpose. This memorandum gives the yleld estimates for REDYING shots
based upon the acoustic signal period at maxirum amplitude selected by TD-2
from reproductions of the actual recordings, These results are believed
particularly significant in view of the British challenge of our yield estimate

for Joe 19,

2., Acoustic Data. Table 1 lists the acoustic stations detecting each
shot, the signal period selected at each station, the average signal period
for each shot, the acoustic estirate of yield, the actual reported yield, end
the error in the yleld estimate expressed both in KT and in relation to the
standard error, Figure 1 shows the plotted poi_nts for REDWING shots in relation
to the period vs, yield curves obtained from previous U.S, shots, It should be
noted that the yields reported by JIF-7 and the AEC for REDWING have fluctuated
considerably and final values are not yet available on the lzst few shots.

-

3. Discussion, The only shot which gave acoustic yield estimates greatly
in error was LACROSSE - about +2,1 standard errors. This result may be due to
the fact that LACROSSE occurred during spring propagation conditions when
upper level winds are variable, All stations detecting the shot were in roughly
the same direction from the test site (west and northwest). The only station
at reasonable distance to the east of the test site was Oahu where the ncise
level was too high to perwit detection, GREENHOUSE results during sirilar
conditions showed that periods at stations west of the test were different from
those to the east. The average of all of the GREENHOUSE data gave reasonably
accurate yleld estimates, but estimates would have been considerably in error .
had detection been restricted to one direction, The estimate for FLATHZAD
is the only other value outside the one standard error range — about +1,2

standard error.

L. Conclusions,

8. It is concluded that the errors in estirating yields from acoustie
periods are less than previously supposed for shots about 500 KT yield, Errors
greater than a factor of 2 will be rzre, 1VY, CASTLE AND REDWING data imply
that there is probably less than one chance in twenty that an error greater
than a factor of two will occur.

b. One word of caution is necessary, however. All of the shots of high
yield have occurred at the Pacific Proving Ground and it is conceivable, though
not likely, that shots at a different latitude might not fall as exactly on the

-t 1
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same perlod vs, yleld cu t is encouraging to note that REDWING shots
in the yileld range give acoustic yleld estimates which fall
reasonably close to the data from shots of equivalent yiecld fired at Nevada,
This implies that the yield vs. period curve is not radically changed when
the location of the shot is changed,

m\ﬁ‘@

2 Attachments
1, (SRD) Table 1
2, (SRD) Figure 1
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TABLE NO, 1
ESTIMATED YIELDS OF REDWING SHOTS
Station ~ Period Average Period Est, Actual Error
Shot Dste (Secs) (Sees) Yield Yield (xT) (o
1., LACROSSE 4 May Clark Field - 27 2L 150 39 N1 |, +2,
Zweibrucken - 277
Misawa - 22
Kyoto - ? N\
2, CHEROKEE 20 May PELETED DELETED
5
3. ZUNI1 27 ¥ay Clark Field - 47 53 3,200 3,500 -300 =0,
Kyoto ~ 53
¥isawa - 72, 517
Thule - 60
TAG DAY - 58
Zweibrucken - 56
Anksra - 407
Asmara - L) '
Felrbanks - 75, 357 e
L. YUMA 27 ¥ay .
5, ERIE 30 May
§ @‘@
6. SEMINOLE 6 June =) &y o
& =}
g S
7. FLATHEAD 11 June 5
[~
|
DELETED

Bt 2% pageSe Copy Ho. —_—A___ of —_2e___
IR IS < copies, Ler a
Hey




9
10,

12,

13,

14,

15.

Shot
KICKAPOO
OSAGE
INCA

DAKOTA

MOHAWK

APACHE

NAVAJO

16, TEVA

4
Station - Period Average Period Est, Actual Error
Date (Secs) (Secs) Yield Yiedd (k1) (-~
13 June .
6
16 June Q,Q
W
21 June @‘2‘» <)
o g
)
25 June _
&’@Q 8 S
9 & 5
2 July éf g
Q _Q
g July Py 5
& :
\, r<
4 =
< jou]
10 July DELETED
A'\?
Q)
Q
20 July DELETED
d
é&
\)
Q)
Q



C’ ’ '\

Station « Perlod Avsrage Period
Shot Date (Secs) ~ (Secs)

17. HURON A July DELETED
‘PELETED

EBt.
Yield

DELETED

b

Actusal Error

Yield (k1) (.

\Xjﬁp 5@
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