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Folder LEMORANDIDY FOR THE RECORD:
    I.

SUBJECT: (@gghit} Revised Acoustic Signal Period vs, Yield Data

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

2. Backrround,

a. Period vs. yield curves stow in Figure 1 were used prior to
1 February 1956, These curves were obtained using data from Greenhouse,
Buster-Jangle, Tumbler-Snapper, Ivy, Upshot-Knothole, and Castle. An
average period at maximim amplitude was obtained 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 10 to 15,000 KT. The equation for
the lower yields follows:

log Y + 0.2787 = -2,00316 + 2.84612 log P (1)

wnere Y = yield in kilotons,

P = period in seconds.

This can be written approxirztely,

Y = 1.0 x 1072p2.8 (2)

The equation for the higher yields follows: é

Log Y + 0.16352 = 3.43646 + 4.05216 log P (3)

This can be written approximtely,

Y = 3.7 x 1o-tph.0 (4)

A correction was made for small sexple in cocputing the error
of estinate for the higher yields, .

b. Several factors mde it desirable to revise the period vs. yield

(1) The Teapot data became available and needed to be edded
\ to other data, ; -

   
C7,



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

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

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

3, Revised Yield Deta,

a. Tavles 1 through 7 give the periods at maximum acplitude
selected for each station for each U.S, shot,

be The mean of the periods fron all downwind and cross-wind
stations was computed for each shot in winter and summer. The mean of
all periods wes used in spring end fall,

ce. Only the acoustic portion of the wave train wes used in -
selecting the periods, That is, the cisporsive wave train was eliminated
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 msponse of
the equipnent in selecting theperiod st maximum auplitude,

e. A power-law curve was fitted by the method of least squares to
all the cata, The standard ervor of estimate was elso computed,

f, Figure 2 gives the curve for period vs. yield and the 1, 2, and
3 standard error lines, The equation for this curve is given below,

Nog Y + 0.27955 = -3.14049 + 3.85977 log P (5) «

whers Y = yi2zld in kilotons,

P = perlod in seconds.

This equation can be written approximately,

Y= 7.2 x 1074p3.9 (6)

4, Discussion.

& The data points pictted on Firwre 2 show thet the power-law given
by equation (6) fits the date very well for yields dow to 5 KT. Below 5 xT
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the data points fall below the curve ~ that is, the indicated yield is
less than the actual yleld,

b. There 4s no lmown theoretical reason for a fourth-power
relation between period and yield, A third-power would ba expected, As
a matter-of-fact, a third-powor law curve does fit the data sanewhat better
than a fourth-power for yields lower then about 100 KT,

ce. The question has been raised several times whether the height
of burst affects the yleld estimate, Table 8 gives the pertinent data for
each U.S, shot, Table 9 presents the actual yield and the estimated yield
for shots within a series which appear most significant toward revealing
any altitude effects, For example, compare Jangle—Surface with Jangle-~
Underground, These shots had tha same yield, 1.3 KT, and wore within 10 days
of each other but one was on the surface and the other wes 17 feet undor
ground, The estimated yield was 0,75 KT for each ~ about le—too low, Or,
compare Buster Baker with dangle Surface, These shots were 1.3 KT and 3.5 KT,
reupsatively, and Baker was at 1118 fest above ground, Both yield estirates
were low — Baker by 1.5¢- and Surfece by 1,0. Finally, note the remarkable
similarity of Teapot Wasp 2 and HA, Both were 3,1 KT end they were fired
within 8 days of each other but Wasp 2 was at 600 feet end HA was at 36,000
feet. Both gave the sam estinated yield of 0.75 - about -2.0-—error. From
all of these comparisons it 4s concluded that the existing data sho.s no
effect of altitude on the acoustic yield estimates up to altitudes of 36,000
feet,

ds Another question frequently raised concerns the change in period
with distance from the explosion, Plots of period vs, distence for cach
shot are shown in Figures 3 through 9, Within the liritations of the
méusurenents, no major trend is apparent,

e, The question has also been raised regarding the applicability of
the period vs. yield curve for explosions at different locations. Data fron
U.S, shots is linited to Feveda end the Pacific Proving Ground. There is not
too mich overlap of data fron these locations since yields of Kevada shots
were all less than 60 KT and yields of PPG ahots were all apy SRG, V.
up through the Castle seriea, About all that can be said at present is that
there is no obvious difference in results at Nevada and at PPG, Prelizina
data from Redwing support this conclusion for yields as ;

  

   

   

5, Conclusions.

a. Figure 2 presents a single yield vs, period curve for yields
fron 5 KT to 20 MT, 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 fron shots of all yield probably err on the high side,
hote in Figure 2 that all of the points fall within the #1 standard error
renge for the higher yield shots,



ce. The present period vs, yield curve is applicable for shots
up to 36,000 ft altitudes,

d, Available evidence, though not exhaustive, indicates that
the present period vs, yield curve is independent of source geographic
location,

18 Incla,
1. Table
26 Table

3. Table

4, Table 4

5. Table 5
6, Table 6
7. Table q7

8 Table &
9. Table 9

10, Figure 1
Wl, Fisure 2
12, Fisure 3
13. Ticure 4

U,, Figure 5
15. Figure 6
16, Figure 7
17, Figure @
18, Figure 9
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TABLE NO, 1

SIGNAL PERIODS = OPZRATION GREENHOUSE
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TABLE NO, 2

SIGNAL PzHLODS - OP=RATION BUSTER-JANGLE

 

 

Station Period (Secs)

Baker Charlie Dog Easy Surface Undergrov

Ft, Lewis 30° 16 18 - = -

Pyote AFB 8 10 12 13 4 3

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 2 = 18 _= _

Mean 7 12 13 16 6 6

No. Stations 5 5 5 \, 3 3

‘

Tis docunent consists of __./.____L

—— peces. Copy No. ----sb__ of _=3___L
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TABLE NO. 3

SIGNAL PERIODS — OPERATION TUMBLER-SNAPPER

Station

Ft, Lewis

Pyote AFB

Breckinridge

Washington, D.C.

Fairbanks

Oahu

 

Mean

No, Stations

18

18

. 15

15

18

16

15

 

Period (Secs)

5 6 7 8 .

15 18 15 10

15 - - -

- 17 - -

15 17 15 10

2 3 1 1

‘

g.25 C€icucent consists of --__fo_

pases. Copy No. ---sd__. of ~s.3i.
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TABLE NO. &

SIGNAL PERTODS - OPERATION IV¥

Station

Hachinohe

Kyoto

Oahu

Fairbanks

Ft, Lewis

San Diego

Gila Bend

Washington, D.C.

Belmar

Thule

Mean

No, Stations

 

70

65

?

67

66

63

68

68

85

68

9

  

Period (Secs)

inis doc

Fegese
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KING

35

36

30

33

35
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Station

San Diego

Dateland

Ft. Lewis

Pyote

Barksdale

Vashington, DC

Lelmar

Fairbanks

Oahu

Thule

Kyoto

Mean

No, Stations
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TABLE NO.

Annie Nancy Ruth Dixte

Period (Secs)

SIGNAL PERLODS — OPZRATION UPSHOT-KNOTHOIE

Ray Badger Simon Encore Harry Grable Clin:

  

10 - -~ - - - - - 23 ~

10 19 8? 7 ? 14 ? F - 25%

a 172 -~ «ols 18 16 wm 210 ?

16 12 ? - 212 20 22 - + N.C

BO - - - 2000«(1P hh

18 13 - - li? - ? 3 3k, 39-

? - -~ - - - .« -  - -

? ? ? - 2 18 - ? 23 18

- - - - - 26 20 20 15 25

16 =16 we - 3 16 a - - ?

= = = = = = = = = 22

um 15 mw 23 1 #69 176 22

6 4 3 1 5 7 5 2 4 4
‘

ooo enh guugists of —--/ALa---
pages. Copy No. --st--~- of awd
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TABLE NO. 6

f
s

SIGNALPERIODS ~ OPERATION CASTLE

Station Period (Secs)

Bravo Romeo Koon Union Yankee Nectar

Hachinohe 71 7h - 55 93 Ct; nd

Kyoto 7 77 - 56 82 47

Oahu 72 73 23 ? 68 47

Clark Field N.0. 85 22 69 70 40

Fairbanks ? 55 27 59 67 ?

Ft, Lewis 80 ? - ? ? ?

(Los Angeles (73 (95 ~ (77 (85 _-

Low {San Diego (66 | (75 - brn 85 =
rey29 Palms ” ‘n Tos - 6‘ a 85 -

tcite Bend (73 tog ~ 72 (82 -

Washington, D.C. ? -22- - ? ? ?

Belmar ? ? - ? ? ?

Thule ? 68 - 60 ? 40

TAG DAY — 109 63 -~ 73 95 51

Ankara ? 2 - 43 ? 39

(Hanau ? ? - (64 (72 (52

t vetbrucken NO. 71 - otoe Pere * bss

Scotland _2 66 _ _68 71 _L3

Mean 81 70 2k 61 78 16

Yio, Stations 5 9 3 9 8 9

{ris dcowzent consists of ---_4----

percse Cesy Ne. ----2--~ of -7----
baa
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TABLE NO. 7

SIGNAL PERTODS — OPERATION TEAPOT

  

 

Station Period (Secs)

WASP MOTH TESLA TURK HORNET BEE APPLE 2 WASP 2 HA POST MET APPLE 2 ZUCCHINI

Ft. Lewis cc - - - ~ ~ - ~ - - - ~ -

Washington, D.C. 5 8 8 145 10 - 12 6 10 7 45 - -

Belmar - 10 ~ - - - 10 - - 10 - - -

_ Fairbanks - - - - - - - ~ 4 = - 30? 19

Thule - nu - - - n 3 - F = U - 13

Feltwell - 10 - 16 - - - - , = ~ - -

Zweibrucken - - - WV - - - - - = -=- - 15

Ankara - - - 23 - - - - - -« = - 23

Asmara —_ es BB = = = = = —:

Mean 5 10 8 17 10 i 12 6 6 8 13 30? 18

No. Stations 1 4 1 5 1 1 3 1 4 2 2 1? 4

beay QUeuauil consists of 24.0...~

paes. Copy Ho.tn. of .=ha4
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TABLE NO. 8

U.S. SHOT DATA

 

   

  

  

Location
Lat. Long. Yield

Shot GMT (degmin,.sec) (deg.rin,sec) (KT). Condition

Crossroads A 1 July 2946 Bikini Atoll 19 hair = 520° HOp*
Crossrceds B24 July 1946. Eikint Atoll 20 90! underwater
Sandstone X 151817 Apr '48 Eniwetok 37 200! tower
Sendstone Y 011809 May '48 Enivetok L9 200' tower
Sandstone Z 151804 May '48 Eniwetok 1s 200! tor
Ranger 1 272145 Jan *51 Nevada 1.3 Air ~ 1100! HOB*
Ranger 2 22151333 Jen Nevada 7.8 fir - 1100! HOB*
Ranger 3 012U.€:33 Feb Nevada 1,0 Kir - 1100! HoBt
Ranger & 02214,8:47 Feb Nevada 8.0 Air - 1100! HOB*
Ranger 5 06214,7:15 Feb Nevada fir - 135" HOBe
Greenhouse D 071833:58 Apr '51 Eniwetok 300! tower
Greenhouse EB 201827:00 Apr Eniwetok 300° tower
Greenhouse G@ 082130:01 May Eniwetok 200° tower
Greenhouse I 241816:59 May Eniwetok t tower
Buster B 281520:09 Oct '51 37°05'18.7'N 116°C1 512 .0"W Air ~ 1118! HOB
Euster C 301500:31 Oct 37°05 '04,.8°N 3116°01'11.0'W 1, Air - 1132" HOB*
Euster D 011530:00 Nov 370051118"N 116°01 '16.6"W 21 Air - 1417' HOB#
Buster E 051629:58 Nov 37005 '31,5'N 116901 '25.6"W 32 Air - 13U,' HOB#
Jangle S 191700:00 Rov '51 37°07'53.0"N 3116902 '20.1"W 1.3 Surface
Jangle U 292000:00 Nov 37°1lO'TIL. ON: -116902135.5'W 1.3 17! underground
Tucbler=
Snapper 1 O11700:08 Apr '52 369,7'35"N 11595557 1,2 Air - 793' HOB®

Tunbler=
Snapper 2 151729:57 Apr 37°05 '03,.4'N 116901 '10.0"W 1,2 ir - 1109" Host

Tusbler
Snapper 3 221730:10 Apr 37°05 'OL,.0 116901 '12.5'W 30 Air = 3447" HOBe

Tunbler= .

Snapper & 011629:59 May 37°05 '03LN 116901'12,.7W 20 Air — 1040' HOB
Tunbler+
Snapper 5 —07121,359 May 37°03'10,0°N 116006109,2"H 12 300! tower

Tunbler=
Snepper 6 251200:00 May 37°05 *h2,5"N 116006'10,8"¥ 12 300! tower

Tumbler-
Snapper 7 011155:00 June 37002'52,5'N 116901 '14,,.2°W 14 300!" tower

Tuxbler
Snapper § 051155:00 June 37°03'165'N 116907 '06,1"°W VU, 300! tower

Ivy—Vike 311915200 Oct '52 11940'N 162°12'E 12,000 Surface
Ivy-King 152330:00 Nov 11935 'N 162°922'E 550 Air ~ 1,80!
Upshot-Knote

hole Annie 171320:00 Far §§3  37902'52,3'T 3116501 '15.7'"W 16 300! tower

Upshot—Knot—
hole Nancy 21,1310:00 Har 37905 '13.9"N 116°906'09.9"W 2k, 300! tover

tte eves es Glee Of LLL
PaStSe Copy how _.sJT____ of

copies, Ler a ea
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Shot

Upshot-Knot~
hole Ruth

Upshot—Knot~
hole Dixte

Upshot~Knote
hole Ray

Upshot—fnet~:
hole Badger
Upshot~knot~
hole Simon

Upshot—Znote
hole Encore
Upshot~Xnot~
hole Harry

Upshot-Knot~

DTG
(@zt)

311300:00 Mar

061529:38 Apr

111245100 Apr

181235:00 Apr

251230:00 Apr

081529:55 May

191205:00 May

hole Grable 251530:00 May
Upshot—Knot~
hole Climax 041114:57 June
Castle-Sravo 2816/,5:00 Feb '54
Castle-Roxeo 261830:00 Mar
Castle-Koon  061820:00 Apr
Castle-Union 251810:00 Apr
Cestle-Yankee 041810:00 Hay
Castletiectar 131620:00 lay
Teapot—-vasp 1 181959:59.2 Feb!§5
Teapot-Moth 22131,5:00.0 Feb

Teapot-Tesla 011330:00 Mar

Teapot-Turk 071320:00) Mar

Teapot—Homet 121320:00 Mar

Teapot—Bee 221305:00 Mar

Teapot-Ess 232030:00 Mar

Teapot-Apple 1 291255:00 Mar
Teapot-Wasp 2 291759355 Mar
Tecpot—HA 061890:04, Apr
Teapot-Post 091230:00 Apr

Teanot—et 151915:00 Apr
TeapoteApple 2 051210:00 May

Teapot—Zucchinil51200:00 May

Wlewam U4,2000:00 May

*Seipht of Burst

 

Location
Lat. Long.

(degemin,see) (degsrin.sce)

37°04'57.9°N =116001'25,7"W

37905104.7N LE6EPOL4L.3

37005'56.2'"N 116005'132,.9'W

37908 '18.4°N  116°07'04.07W

37°903'11,1'N 116°06'90.5"W

3694795267= 115955814.OW

37002'25.4"N  116001'32.4,"W

36047952.79N 115055144,

37905 '04.7"N 3126001111 .3'W
LIOLLIZE. 99M -165016'21,,8E
18 ft N 204, ft W of Bravo
11029 '48.0°N 165°22'03,4,"E

11939'58.5'N 165°23'13,7"E
Same as Union é ‘
1290123.9°N =16201216,8B
yooha 1 oor iitesamy
37902'52,3'N 116°O1L'15.7"W
37°07'31.6"N 126°02951,0"W
27908118,5"N 116°07'03.2'W .

37902925,4"N  116°01931.4"0
37°905422..4"N  116°01'25,5"W
37910'06.1"N 3=—_-116902'37,6W
37905 'L3.9N 116906'09.9'W

37005'11.7"N  116001°18.79¢
37°011h3.4N  116°03'28.3°W
37°07'19.7'H 126°02'03.9°W
36°L7952.7°N

=

115955 °4L.1°W
37003 '21,1°8 116906 '09,5 "Ww

37°OS1L1.4'N 126°01'25,5"W
23°39 931,5H 126°10'!22"Y

Yield

0.2

0.2

28

52

26

32

15

65
1540.5
1140.5

Condition

00! tower
10,216 SL)
fir ~ 6022! HOB#

100° tower

300 tower

300! tower

(5493 NSL)
Air = 24,23! HOB

300! tower

(3595 *HSL)
Air = 525? HOBt
(5523 HSL)
Air = 1334¢ HOBe
Surface <Land

Barge
0.130+0.020 Surfaca - land

7.00.3
13.542.0

“p93
2.5
6.5

43
3.6
8.1
1.2
15
31
361
1.8
27
27
30
30

Barge

Earge

bere? soot alt
300! tower
300! tower
500! tower

300! tower
500! tower

67! underground
500! tower

Air —- 800! alt ,

Air = 36,000! alt
300! tower

400° tower

500! towar

500' tower

2000" underwater

et



TABLE NO. 9

ESTINATED YIELD VS. ALTITUDE

    

Actual Est.
Shot DIG Height of Burst Yield Yield Error

Janrle - 8 191700 Nov '51 Surface 1.3 0.75 -l1~
U 292000 Nov 17? Underground 1.3 0.75 -l ~~

Buster = B 281520 Oct "51 1118 feat 3.5 1.3 1.5 -
C 301501 Oct 1132 feet Ww 10 O57
E 051630 Nov 1314 feet 32 32 0
Dd 011530 Nov UAT feet 21 U, 0.7 -

Tunbler-Snapver =~ 5 071215 Hay 52 305! tower 12 20 41,2 -
4, 011630 May 1046 feet 20 30 D.74
2 151730 Apr 1109 feet 1,2 1.3 0.1
3 221730 Apr 3447 feet 30 25 0,2 7

Ivy - Mke 311915 Oct #52 Surfaces 12,000 &500 0.6 -—
King 152330 Nov 1480 feet 550 599 40.1

Upshot—Knothola

Badger 181235 Apr '53 300" tower 28 1, -1,0 —
Grable 251530 May 525 feet 15 2 41,0 —
Climax OLLI June 1534 feet 65 110 +067 ~
Encore 081529 May 24.23 feat 26 60 41.3
Dixte 061530 Apr 6022 feet 1l al 41.07

Teavot - Wasp 2 291800 Mar 800 feet 3.1 0.75 -2,1+-
HA 061800 Apr 36,000 feet 3.1 0.75 -2.1-

€
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$
1. Purpose. This memorandum gives the yield estimates for REDHING shots

based upon the acoustic signal period at maximum amplitude selected by TD-2
from reproductions of the actual recordings, These results are believed
particularly significant in view of the British challenge ofour 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, and
the error in the yield estimate expressed both in KT and in relation to the
standard error, Figure 1 shows the plotted points 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 last 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 noise
level was too high to permit 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 GREENHOUS® data gave reasonably
accurate yield estimates, but estimates would have been considerably in error ¢
had detection been restricted to one direction, The estimate for FLATH=AD
is the only other value outside the one standard error range — about +1.2
standard error,

4. Conclusions,

a. It is concluded that the errors in estirating yields from acoustic
periods are less than previously supposed for shots about 500 KT yield, Errors
greater than a factor of 2 will be rere, IVY, 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
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same period vs. yield cu ¢t isencouraging to note that REDWING shots
in the yield range give acoustic yield estimates which fall
reasonably close to the data from shots of equivalent yield fired at Nevada,
This implies that the yield vs. period curve is not radically changed when
the location of the shot is changed,

oe

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 Date (Secs)_ (Secs) Yield Yield (KT) (cc

1, LACROSSE kL May Clark Field = 27 2h, - 150 39 4lll , +2,
Zweibraucken = 27?
Misawa — 22
Kyoto =~ ? __\-

2, CHEROKEE 20 May DELETED DELETEn

we

3. ZUNI 27 May Clark Field - 47 53 3,200 3,500 ~300 —-O,

Kyoto - 53
Misawa - 72, 512
Thule ~ 60
TAG DAY - 58
Zweibrucken ~ 56
Ankara = 40?
Asmara — 44,

Fairbanks ~ 75, 35? ee

he YUMA 27 May ‘

5, ERIE 30 May

gE >
6. SEMINOLE 6 dune 2 = a

fe 3
5 5

7. FLATHEAD 11 June 3
9

DELETED

pages. Copy No. --_-A__. of ~2e__o

* copies. der &

“uz,
 



Shot

9, KICKAPOO

10, OSAGE

12, DAKOTA

13, MOHAWK

U,. APACHE

15. NAVAJO

16, TEWA

      

Station - Period Average Period Est. Actual Error
Date (Secs) Secs) Yield Yield (kT)  (c-

13 June a

16 June So

“421 June rod g
8 s

25 June Q

* 8 a9 a 5

2 July s a
a QQ

@ July 2 A

s :AY
f~

Ss =
A

10 July NELETED t

&
SS

20 July DELETED

s

s
Ss

As.



OO) .-

Station - Period Average Period
Shot Date (Secs) (Sees)

17. HURON 2 July DELETED

PELETED

Est.

Yield

DELETED
pe

Actual Error

Yield (xr) (
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