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FIREBALL CALCULATIONS: SHOT HAMILTON

1.0 H\'ITRODUCTION

Shgt Hamilton, a 50-foot tower-shot sbonsored by LRL, was
detonated at 0800 PST, on 15 October 1958 in Area TF-1 of the Nevada
Test Site. The fireball yield was 0. 43 ton *+ 0. 09 ton.
2.0 CAMERA INSTRUMENTATION AND OPERATION (Table 1)

Photographic coverage of Hamilton fireball growth was
provided by two high-speed Eastman cameras and one high-speed 16 mm
Fastax camera at Station 527.01 (6 x 6 No. 2) and a similar camera
complement at Station 527.02 (6 x 6 No. 3). In addition, two Rapatronic
cameras were located at Station 527.01 to fecord early fireball growth.
The EG&G framing camera, running at an approximate speed of 15, 000
. frames per second, was located at Station F-732 (6 x 6 No. 1) to record
additional early fireball behavior. One Eastman camera from Station
527. 02 did not réc‘ord the complete fireball. All other cameras obtained
, records sﬁitableilfor analysis.

The station locations Iand the burst location are shown in Fig. 1.
Figure 2 contains a summary of the survey data.
3.0 RESULTS ¢

Because the yleld of Hamilton was well below the range of
constant ¢5 scalingl, the § comparison techniqtie as defined in EG&G
Report No. B-1869, "Fireball Calculations - Shot Eddy', was employed

to determine the yield. A yield of 0.43 ton + 0.09 ton is indicated.

1 ¢5 scaling is usually applicable only for yields greater than 2 kt.
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An air density of 1. 098 grams per liter was used in the yield
calculations. The air density value was based upon.a pressure of 910
millibars, a temperature of 15. 0°C, and a relative humidity of 30 percent
at shot time.

The tabl'e below gives the comparisonAshots, and the Hamilton

yield obtained by the ¢ - comparison.

Comparison Hamilton Yield
Shot (tons)
Balloon
La Place 0. 495
- Wheeler 0.374
2T Santa Fe 0.499
Lea 0. 452
Hidalgo ' 0. 450
Air Drop
Buster B 0. 404
Wasp’ 0.408
Ranger A 0.398
Wasp 0.‘419
Ranger E 0. 423




Comparison Hamilton Yield

Shot (tons)
.Tower
Hornet 0, 422
UK-3 ' - | 0.419
Rio Arriba 0.1456
Quay 0.431
W = 0.432

Diameter vs time and § vs time plots are shown in Figs. 3, 4,
and 5.

The following data sheets are included for each film:

(a) Photo Plan and Photo Loading Chart

(b) Camera Data and Calculation Sheet

(c) = Diameter Measurement Sheet

(d) E102 print-out sheet of D, t, and 9.

Selected frames of fireball films are contained in the Appendix.

The zero-frame times of the motion picture camera records

were determined by comparing these records with the Rapatronic diameter

vs time data.
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Table I
Hardtack Phase II, Hamilton

Fireball Camera Distribution

Station Camera Qualitative
Functioning
527,01 E-34 Record
(6 x 6 No, 2)
E-7 ' Poor Image
F-16 No. 2 Record
R-4 Record
R-3 Record
527,02 E-25 Part of F. B,
(6 x 6 No. 3) Obscured
E-6 Record
F-16 No, 1° . Record
F-732 FR No, 1 : Record
(6 x 6 No. 1)




Table II
Hardtack Phase II, Hamilton

Average Diameter vs Time

Time
(in msec.)

Diameter{meters) as seen from
Stations 527.01, 527.02 and F-732

0.5
1.0
1,5

2.0

7.3

9.0
10.3
11..2
12,2
12.8
13.4
14,2

14,7
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FILM NO. 60766

CAMERA DATA 8 CALCULATIONS

r—————_"“"-__ S —————
STATION NO.72/ 0% | TEST wamuron

CALCULATED BY:ss0

_CAMERA NO. 2

EQ. AP.

DATE: +0//5/58

A (AIMING POINT)

HORIZONTAL

PROJECTION
o CAMERA |
! 0, = 4 ' - 3
LA R%A=CBy cos a cos 8 + (Hs Hc‘) sin B
a= 0° 00’ B= 2° 2’ Hg= 3/29

cos a= / 0000

cos B= 0. 99926

He= 3079 £

CBy= 36<4.7 m

sin B= 0, 03839

AH= S0 = /5.2 m

CBp cos a COSB= 3644 m

AHSINB= 0.6 m

RYw= G35 0om ]

B. FOCAL LENGTH «77.39 mm_ ( 774699)

oA
—

|

C. MAGNIFICATION FACTOR (meters /in.) /9. 43

D. ZERO TIME CORRECTION 0.9840 ms Qe /oy

EDGERTON, GERMESHAUSEN, & GRIER, INC.

~_to._




FILM NO. 60365 | STATION NO.7; 7 %/,

TE§T HAMILToN

CALCULATED BY:cs0

" GAMERA NO. <R 4 EQ. AP.

A (AIMING POINT)

DATE: /o//5/58

HORIZONTAL

. PROJECTION
e
CAMERA *B
A. _R%a=CBp cos a cos B + (Hg —Hg) sin B
a= 0000/ .Bz _20-/2/. H8=‘3/2‘91€7‘
cos a= /. 0000 ‘ cos B= 0.99926 He= 3079 #
CBh= 364.7 /m sin 8= 0. 03839 AH= S0/F= /5.2 m
CBp Cos a COSB=34#.4m | AHSINB= 0.6 » RYy= (3850~ ]

B. FOCAL LENGTH 477,82 mm ( 773952)

AT ——
et e———————

C. MAGNIFICATION FACTOR (meters/in.) /5. 4/

I

P

D, ZERO TIME CORRECTION 0.4995 ms de/ay

|

EDGERTON, GERMESHAUSEN, B GRIER,

INC.




CAMERA DATA 8 CALCULATIONS

}1

FILM NO. 50359 | STATION NO. 72 /.7 | TEST yomuronw GALCULATED BY:550
_CAMERA NO. £ 7 | EQ. AP. DATE: /0//5/58

A (AIMING POINT) .
HORIZONTAL

PROJECTION
CAMERA T *0
0,, = - , _ :
LA _R% CBy cos a cos B + (Hg —Hg) sin B
az= 0° oo’ B= 2°45" Hg= 3/29 f#
Cos a = /. 0090 | cos B= 0.9988%5 He= 3079 #7
CBy= JF64.7m | sin B=0.04798 AH= 50 /=752 m
CBpcosa cosB=364.3m | AHsINB= 0.7 m RY\= 330~ ]

B. FOCAL LENGTH ¢ 2./ mnr (57‘— /2.07)

|

C. MAGNIFICATION FACTOR (meters/in.) /¥4 &

D. ZERO TIME CORRECTION 0.28 ms

|

EDGERTON, QRME?:)):I\AUSEN, & GRIER, INC.




gror HAMILTON FIIM NO. 60359
Fr. No. Mag. Dy Do D Dyyg ()  t (ms)
9% | W
° 28.90 ‘ e WA
1 0152 0151 _2_5;‘?_ el
3 0204 019& //‘ /0 /. 82
L 0229 0215 Ll oy
p) 02)4'8 0235 '7. n3 2.60
6 0258 0251 Vd < 96
T 0271 0262 /.f?. F,% A
9 0289 ' 0287 /‘7(: yr> REEEPASY Yy
10 0299 020 7523 v.53
11 0306 0303 L2228 oy
12 0312‘_3; 8335 /“; O
0 » -
ii , 0328 0328 L6 %0 » 5¢9
| S
READ BY PL¥ GGO TYPED BY
DATE 10/23/58 DATE
REMARKS
/
“EDCERON,

-91-




7.58
895
905

1110°

1208
1273
13723
1388
14 40
14 88
1523
1573
160°%
1€ 40

FIREBALL CALCULATIONS

SHOT Hamil[ton

—t

OLGER) A )+ 1
QA OV DD
MATDOH N U™

[ ~N
n
W b

401
530
S A9

270009
2723734
?75%65

P 77579

P 70736

e e e e

FILM NO. 0359

DATE [22-52

Int 12/5 4)
41559~ R46225 85 50
48 7K 1019€ Q27 e777
16469 1157056 8599
59g 27 12 70678 87135
79203 1373243 87 96
Q5543 1465468 86 26
00189 15476 €0 a6 12
51494 1625763 85737
2448 163988 85 82477
22077 1765278 8429
51077 1829980 az o
501729 1989285 87073
6768 1048575 82 16
238 65 D0 N4E 13 £1 21

-29-




SRR
FILM NO. 60358

S
CAMERA DATA & CALCULATIONS

STATION NO. 7272 | TEST somnron CALCULATED BY:Gs,

"GCAMERA NO. ~ 34 | EQ. AP. DATE: /0/1s5/55°

A (AIMING POINT)

HORIZONTAL
| : PROJECTION
CAMERA | | | *y ‘ |
0, = ‘ — : d
A. R%=CB)y cos a cos 8 + (Hg —Hc) sin B _
@=  p° oo’ B= 2° 92’ Hg= 3/29 #
cos a= / 0900 | cos B= 0. 99935 He= 3079 f#
CBh= 564¢.7 m sin B= 0 03606 AH= 59 ff= /5.2 m
CBp cosa CosB=3645, | AHSINB= 0. 55 m RYa= 3837 m ]

B. FOCAL LENGTH /0/.6 mm (Rc /25)

T
—_—

C. MAGNIFICATION FACTOR (meters/in.) 9/ 27

I

D. ZERO TIME CORRECTION 0. 004 ms

|

EDGERTON, GERMESHAUSEN, & GRIER, INC.




\
?
1

DIAMETER MEASUREMENTS £- 34
| 8207 Bamilton - FuoMro.__603%
. R ’ . -
. Fr. No. . D Do, () t (ms)
Fr.Bo. Mg D P2 D3 Teve |Tem
0 Fireball inside cab , e : .
1 29.00 0218 o2k | BT A4
2 0270 0258 £ .22 . 117
3 0305 0286 732 | o
A 0339 0330 $42-25 ] 7.9
5 o} . 0349 LL2L ' >.33
6 0385 . 0372 . L.27, 2. 72
T 0403 0399 Lt 3.//
8 oizl  ob2s 17552 :
|
et ——— '
o ame
| I
]
READ BY HE  Gbo TYPED BY
DATE 1Yy ) SHop DATE




FIREBALL CALCULATIONS

sHoT — Hamilton FILM NO. 60358
DATE [-22-59
2
t InD Int 15 ¢

39 1,916 85 04153 - A861F0 3909
78 211872 04844~ 005399 9189
117 523021 15603 10647 a4 87 52
156 2 25609 44475 11904711 88 30
104 > 425 €1 66269 1703533 86 76
>33 5479 83 84579 14025 #8 8512
572 553604 100056 1402163 2464
%11 > 589 27 15743 55 8460

113471
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_GAMERA_ DATA 8 CALGULATIONS

FILM NO. 6036/

| starion No. 220

- fégi | HAM/CTor]

| CALOWLATED BY:66,

€Q. AP.

_GAMERA NO. A-/6 "2

DATE: /0//5/58

A (AIMING POINT)

HORIZONTAL

.. PROJECTION
CAMERA ! ’*’a
A. R°/A-CB.. cos a cos B + (Hg —Hc),sm B o
az= 0° 0o’ B= - /5" He= 3/29 £
cos a= /. J000 cos ﬁ=' 0. 99923 He= 3079 7
GBhn= J364.7 m sin 8= 0, 03926 AH= 50 ff= /5.2 m
CBp cos a COSB=764 4, | AHSINB= g 6 m ROL= (3250 =]

B. FOCAL LENGTH 78 06 mm

(6/7086)

B e e——rer——————————————

C. MAGNIFICATION FACTOR

(meters/in.) //8.8

|

D ZERO TIME CORRECTION 0./& =5

EDGERTON, GERMESHAUSEN, & GRIER, ING.




DIAMETER MEASUREMENTS

ggor Hamilton Fos o, 9036
Fr. No. Mag. Dy . D3 Dave | Dy (@) ¢ (ms)
o xx |
e enomgoam i
1 0 7 -
2 0316 . 0315 T555 . g.gé,
3 . 0342 0349 .53 | o
4 28.90 0227 0230 = 5
5 0239 0261 —éﬁ"’ 7 e
6 0249 0255 Y e
7 0260 0265 T 039 : ’
8 0276 0276 L .02
9 0288 0293 .95 2.2
10 0301 0303 YERT; 2.48
11 0369° 0306 2.¢ 2.72
12 0314 0315 "T7ET§§1" 2. 95
13 - 0322 0323 /3.25 3./8
14 0328 0331 /3.5 | 3,42
15 0335 0337 /3.8/ 3.65
16 0341 0341 /44 0 3.88
17 0346 0344 /478 Y12
19 0356 0358 : 4.56
20 0364 0363 /4. 9 3. 82
. dpanasuta—
 READ BY 6o . LW TYPED BY
DATE 10/28/58 DATE
REMARKS :

-27-



4,58
€74
779

a 53

939
© 86
1036
1079
1134
1194
1241
12¢64
1293
1325
1354
1381
1402
1418
14739
1467
1494

-

FIREBALL CALCULATIONS

sHoT — /lami [ Fon FILM NO. bo36/
DATE (- 22- 52

t inD Int t%S ¢
15 1,521 74 1.80705- 468217 97 81
18 100799 06751~ 6790 R6 95 25
€1 505285 494737~ 820574 0103
85 214366 16245- 977085 9102
108 > 23068 7690 10731239 9105
132 228844 27763 1117454 88 23
155 523795 438333 1191642 2693
178 2378 56 57666 12594738 85 67
502 242826 70308 1324763 85 €0
225 247983 81086 1383128 86 32
248 251846 20818 14 28C 27 86 29
272 > 536 84 100056 1492163 84 70
595 2559 54 108177 1541426 873 a8
218 > 58400 115688 1588441 8% 41
342 260567 122967 16735373 8279
265 262542 129478 1673525 8227
388 264053 125591 1720068 81 50
412 2651 88 141592 1761863 8048
435 > 666 59 147024 1R00558 7591
458 268587 152174 1873039 79 81
452 270411 157280 1875959 7963

-28-




| FILM NO. 6052 | STATION NO. 727 %% YEST sam7on | CALCULATED BY:Gso

CAMERA DATA & CALCULATIONS

——— N

/[cmmlua £ 6 | EQ. AP.

A (AIMING POINT)

et T

\p‘, T
~*¢
e
o
I\.

DATE: /o//5/58

HORIZONTAL
PROJECTION

CAMERA
A. R%A=CBj cos acosB + (Hg —Hc) sin B
1= 0° oo’ B=  2° /0’ He= /29 ¢ )
08 a= /. 0090 cos B= g. 99929 ‘Hg= 3083 F¥
 1Bn= 3272.0m sin 8= 00378/ _ AH®= 26 fF= /4 m
By COS a cosB=37/.7 m| AH sinB= 0.5 m R= [(372.2 m | ‘;

\ .

g

FOGCAL LENGTH 63.9/ mm (&7 /1254)

MAGNIFICATION FACTOR (meters/in.) /473

wsew | "ERO_TIME CORRECTION 9 0F =<

I




1

FIREBALL CALCULATIONS

¥

SHQT‘j 4é¥dnn//%bh.

.05
45
g4

123
1€3
202
241
281l
370
260
309
4 38

InD

1.613 43
196286

214248

225342
P2 324563

242384

248568
2 541 %8
259452
262252
265047
268040

“FILM NO. 6035 2
DATE [=22-52
Int t%s ¢
500572 - 301722 16637
768 45 - 7 pE507 9799
17429- 0722657 9135
20696 1086309 87 €3
48865 1215873 85 £6
70308 17324763 85 22
87855 1421653 8447
103%13 1511726 8400
116315 1502432 8408
1728000 1669287 8249
128%86 17730412 81 40
147711 1805514 80 80

=31~
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CAMERA DATA 8 CALCULATIONS

CAMERA

FILM NO. 60354 | STATION NO. 77 %% | TEST womuron - | GALGULATED BY:isso
“GAMERA NO. £/ 7/ | EQ. AP. DATE: /0//5/58

A {AIMING POINT)

HORIZONTAL
PROJECTION

A R%A=CBp cos a cos 8 + (Hg —Hg) sin B

a= 0° oo’

B= 2° 70"

Hg= 3/29 ##

Cos a= /. 0000

cos B= ¢.99929

Hc= 3083 F*

CBy= 2372.0 m_

sin 8= p.0378/

AH= 44 ¥ = /4 m

CBh cos e COSB=37/.7» |. AHSINB= 0.5 m

RY= (5722 m ]

B. FOCAL LENGTH 77.9¢ manm (6/707/)

i

CR——————
————y

C. MAGNIFICATION FACTOR (meters/in.) /2/.3

h

D. ZERO TIME CORRECTION o0.002%2 75

EDGERTOM, GERMESHAUSEN, 8 GRIER,

ING.




milton FIIM ro.  6035H
N i ‘
> Mg D Do D Dy (@) t (ms)
o | "am
w1 e et "'?____“_,_g_?f"-— '
: 0.23°
o267 0270 Te77 0.%é
°3m 0303 2. 40 0.69
| 0326 0326 .2 - 022
- 03h6 o3h2 A 3 /.15
28,90 0221 022k 7.35 L 4,38
L 2%.9 3313} 0. 00 1.6/
/0. "6 /.8% .
0262 0261 0. 9F 2.07
) 02T 0268 //. 3 2.30
L ceT®é 0279 T« 2.53
2 0286 0283 /.95 2.76
3 0291 0290 2.20 . 2.9%
b 0297 0298 /2.5 0 3.2/
5 0303 o301 /2. 6& 3.y5
6 \ 0309 0307 )2, G4 3.¢67
"
)
 BY g0 ' JKC —
: 10/28/58 DATE |
\RKS : |
X {
; mmWﬁ;m
-33- & GRIER, INC.



boy FILM NO. 00359

DATE [222:59
InD Int £ ¢
133 26 146974 - 5554973 101 89
11243 27648 - 723011 $2 35
2814 27112- RE2042 8016
06 62 8732- 07010 8408
50 a4 13968 1057464 8198
3542 12011 11 27514 8219
0266 47631 1209884 8265
47 54 60980 1276043 8195
9€ 01 72752 1337776 8507
56 49 83284 1395738 8112
6293 02814 1449555 80 99
8067 101517 1500504 79 61
0138 109189 1547680 78 82
2569 116627 1504422 78 39
4000 123581 1679104 2735
£0 31 170025 1682199 76 a2

_FIREBALL CALCULATIONS

. ~34-




CAMERA DATA- 8 CALCULATIONS 1{
I NO. 60372 | STATION NO./ - 752/ | TEST tiomycrva/ | GALGULATED BYiG6o
ERA NO. F¢ */ | EQ. AP. | | DATE: /0//5/58 |
— S A (AIMING POINT) .
: HORIZONTAL :
, : . PROJECTION
B ea U P *~ _—
CAMERA | ‘ *g |
R% =CBy cos a cos B + (Hg —Hc) sin B : oL
000’ | B= s°23" He= 3/29 /
a= / 0409 cos B= 4. 9997/ He= 308/ £

= Go4. /| m sin B= 9. 024 /4 AH= 48 /= /4.6 m
cosa COSB= £603.9» | AHsInB= 0.4 M RYa= Ceo4 3 m ]
"FOCAL LENGTH _ 4 N
|
|
|
s
MAGNIFICATION FACTOR . (meters/in.) - |

ZERO TIME CORRECTION 0.006 ms

1

.EDGERTON, GERMESHAUSEN, & GRIER, INC.




fII)irK). 6037§§§§v@1ﬂ"

D2

3

t (ms)

0139
0LT6
0190

0230
0235
0249
0255

0259
0265

0283
0289

0304
0307
0312
032

0326
0330
0336
o3kl
0343
Q349
0355

0301 -

0 Py &

Sy e




FIREBALL CALCULATIONS

8 P 30692 arall

-37-

sHoT —_L1amilton " FILM NO. 037Z
DATE /-272-~ 59
H
D t InD Int 15 ¢
;

4,76 1 144934 106607 - 455467 0353
=1 20 1669 56 160045- 52572073 10108
=77 27 175260 170040 - 502275 57 a1
£19 =z 1822 85 110R€4 - F41812 9€ 44
- =6 40 1880091 01671 - 603164 9463
£ 04 46 103724 77648 -~ 733011 9467
710 £3 106005 £3400 - 775720 o1 52
749 €9 501355 - £2770- £09707 0> =0
727 66 203732 41559 - 946845 9057
7 79 72 > 065 62 22854 - A768 51 £9 08
£19 79 210296 23569- 910073 8999
P 34 £5 212112 16245- 937085 5899
£ 65 o2 515763 8332- 067210 8S 43
g a7 o8 518275 2023- 9019329 8942
g 07 105+ 219396 4876 1019697 £7 96
913 111 221709 10428 1042596 8804
936 118 223649 16544 1068416 27 £0
953 12 555446 21506 1089836 8744
o8 131 > 25969 27002 1114057 8599
o a1 137 228337 11483 1124208 8629
0 08 124 229851 36469 1157056 8608
1002 1 50 230465 20553 1176111 8519
1033 157 533505 45115 11977¢9 86 24
1046 163 5347 54 4RBE5 1215873 86 02
1055 169 > %56 09 52479 1233578 85 52
1056 176 > 25704 56537 1253761 8222
10099 >0 1200473 7903




APPENDIX
HARDTACK PHASE II, HAMILTON

PHOTOGRAPHIC EXAMPLES

-38-




Camera: F-16 No, 2
Station: 52'7.,01

Time: 0. 38 msec

-39-

£y




Camera: F-16 No. 2
Station: 527,01

Time: 1.08 msec




.Camera: F-16 No, 2
Station: 527,01

Time: 2,02 msec

-4 -




Camera: E-6
Station: 527.02

Time: 2.02 msec




Camera: E-6
Station: 527.02

Time: 6. 74 msec




<t
=

msec

.01
4995

-4
27

°

R
5
0

.

0n
e

m

Camera
Stat
T




¢

Camera:
Station:
Time:

R-3
527, 01
0.9840 msec

\
[§&N
i




Distribution

Copies to: /)

Test Director

1 : Dr. G.W. Johnson,

EG&G, Boston

-46-

Dr. H.B. Keller, LRL Test Group Director
Dr. W.E. Ogle, LASL Test Group Director
Dr. L.S. Wouters, LRL -

Dr. J. ¥. Mullaney, Group J-10,

EG&G, Las Vegas



