APPROVED FOR PUBLI C RELEASE

KEPRUDUU I IUN
COPY

SC

OF THE UNIVERSITY
LOS AL’AM’OS,"N

e —
Ry
o E
[o]

2y

ico.
ol

ERRsE

;.
l

CONTRACT W-7405-ENG, 36 WITH THE
u S. ATOMIC ENERGY pomwsSmN

TN

LG NERGY AGT m {o48. T3 TRANSMITTAL 5
SO PERSHN I8 CRORIBITED. .~




LOS ALAMOS NATL LAB. LIBS.

APPROVED FOR PUBLI C RELEASE

A VIGLLASSIFIED

LOS ALAMOS SCIENTIFIC LABORATORY
of the
UNIVERSITY OF ZALIFORNIA

Report written:
January 20, 1955

LAMS-~1902 This document consists of _36 pages

PHOTOGRAMMETRIC PROBLEMS ASSOCIATED
WITH
NUCLEAR DETONATION TEST EXPERIMENTS

To)

,\t

o

< by

~

8 D. F. Seacord, Jr.

o _

O Tr Reviewers Class. Pate

YPECIAL REREVIEW

=2 l FINAL Pk W ePINM
= k DETERMINATIO i "y of /_, 3
=™ Class: A

All Los Alamos reports present the opinions of the author or authors and do not necessarily
reflect the views of the Los Alamos Scientific Laboratory. Furthermore, this LAMS report
has not been prepared for general distribution. It is accordingly requested that no distribu-
tion be made ‘without the permission of the Director's Office of the Laboratory.



ABOUT THIS REPORT
This official electronic version was created by scanning
the best available paper or microfiche copy of the 
original report at a 300 dpi resolution.  Original 
color illustrations appear as black and white images.

For additional information or comments, contact: 
Library Without Walls Project 
Los Alamos National Laboratory Research Library
Los Alamos, NM 87544 
Phone: (505)667-4448 
E-mail: lwwp@lanl.gov



APPROVED FOR PUBLI C RELEASE

" UNCLASSIFIED

Report distributedxUN 2 1985 ~ LAMS-1902

AEC Classified Technical Library 1-7

University of California Radiation Laboratory, Livermore 8

Edgerton, Germeshausen & Grier, Inc., Boston 9

Los Alamos Report Library 10-40
PUBLICLY RELEASABLE VERIFIED UNCLASSIFIED

Per S-18 Date: 4p-2-95 Per /28  4-2p9-79
By lucsi Bl C1C-14 Date: 1835 BYM%LMk%'

UNCLASSIFIED

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

wll IRRCANTHITT))

ABSTRACT

Photogrammetric analysis of object position and displacement
in two and three dimensions is outlined. Extension to problems
arising in the photographic documentation of the rate of growth

of an explosion fireball are indicated.
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PHOTOGRAMMETRIC PROBLEMS ASSOCIATED
WITH NUCLEAR DETONRATION TEST EXPERIMENTS

I, INTRODUCTION

With the sdvent of the LASL mass-motion experiments on Operation
Buster/Jangle the problem of photogrammetric analysis became of direct
importance to Group J-10 in the reduction of photographic data.

The conversion of position and displacement, as measured on the
photographic record, to the true spatial position and displacement, in-
volved the photogrammetric technique in two dimensions (since the mea-
sured objects were approximately in the same horizontel plane as the
nuclear detonation and the camera)., Since the object displacements
vere small in comparison to the camera field of view, a simple cosine
correction sufficed for translating film measurements to true displacement,
This method was successfully applied to the results of both Operation
Buster/Jangle and Operation Tumbler/Snapper.

However, large-scale detonations such as those in Operation Ivy,
wherein displacenents were comparable to the field of view, required a
more refined coryrection factor. Furthermore, with the extension of the
mags-motion experiment to high altitudes,the problem came to include
three-dimensional photogrammetry,

The extension of this type of analysis to photographic data in
fields other than mass motion became apparent with the application of
the analytic solution to fireball date in the determination of the total
hydrodynamic yield, Since the above method is theoretically capable of

an accuracy of better than + 1% in yield, the error in measure%{éﬁﬁll
i
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diameter must be reduced to the order of + 0.2%. As groundwork for the

future improvement in basic fireball data for the analytic solution, it
wvas felt necessary to derive the photogrammetric equations for correcting
the observed fireball diameter to its true diameter,

The derivat.ions which follow are based on several simplifying assump-
tionst (1) lens distortion is negligible, (2) the object range is such
that atmospheric refractien effects may be neglected, and (3) curvature
eof the earth is not taken into account (except where specifically noted),

II, TWO-DIMENSIONAL DISPLACEMENT OF A POINT

The phetogrammetric analysis for four cases involving the displacement
of a peint in two dimensions (i.e,, optic axis horizontal and displacement
in the horizentsl plane) were involved in the data analysis from Operation
Ivy, and are presented in the following sections. In general, the optic
axis is net perpendicular to the line of object displacement in the region
where the displscement occurs; this is usually dictated by the restrictions
imposed on the location of object and camera,

Figure 1 is applicable to Cases A and B, The nuclear detenation point
is designated Z, the camera, C, and the initlal position of the object, O.
(The experimental description may be stated briefly: the shock wave, ex-
yanding from Z, causes O to be displaced along line D,L,; the recorded
film displacement x3 is to be related to the true spatial disp].acen;.ent ).
The problem is, of ceurse, symmetrical about the optic axis but "left" and
"right" will be used in a sense compatible with the figure,

Case A: The object is displaced from its initial pesition towards

the optic axis but does net reach the optic axis, Referring to Figure 1,

the following parameters are knownt

7- UNCLASSIFIED
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f = camera lens foca% - UNbLanir IED

Ry = range from camera to detonation point
x) = displacement as measured on film

¢ = angle between displacement line and line connecting
detonation point and camers

angle between optic axis and line from camera to
initial position of object

(B+7)

@ = angle between line from camera to initial positien of
obJject and line from camera to detonation point

6 = angle between displacement line and line from imitial
rosition of object to camera

It is desired to find y;, the true spatial displacement, in terms of

the above parameters,

1 « FRpo X1 Vo

mp T ommg’ amp T W0 BT

ors:

R
Yi/x; = -P2 w:°: u(;%wﬂ (A-1)

Rp2 and w2 are variables and may be replaced by equations relating

them to known parameters,

Rpp  _ Ro+2p _ Re +(¥-y1)siny (A-2)

since zp = y, sin ¥ = (¥y-1y) sin ¥ » Vhere y = y) + y2

But:
Ve 0-(B+y+8) (a-3)
y= Besin (B+) (A-4)
sin g

Substituting A-3 and A-4 in A-2:

522_ - Re +£ .i:ﬁs 9+ - yll cos (B"'J +8) (A-5)

4
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and substituting A-5 in A-1l:

Re sin (B+Y) (a-6)
1 {Rc "'[ sin § - ] cos (B+y +9)}cos (B+y)
ET T f sin g

Re is related to Rg by:

Ry sin ¢
A (a+B +y +9) (a-7)
Simplifying (A-6) and replacing Re by (A-7)t

X; Ry sin ¢ cos (B+7) [1 + 8in (B+)) cos (B+y+Q) csc 9] (A-8)
Y1 " 6in@ sin (a+B+y+ 8) [£ + x1 cos (B+yY) cos (B +y+0) c8cl)

It may be seen that, if the optic axis is perpendicular to the line
of displacement, cos (S+y+8) = 0 and A-8 reduces to:

x; R, sin ¢ cos (B+y)

1= £ 8inQ sin (a+B+y+ ¢ ) (A-8a)

CASE Bt The object is displaced from its initial position up to the
optic axis, Figure 1l applies to Case B with:

y = V1 +Yp

b 4 -x1+X2

R,
wmgey) T mge (3-1)

—X - L (8-2)
S5 (g%7) o (B+Y)
and
— . i’ (3-3)
S §  sin (a+g+y+9)
-9-
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Dividing B-1 by B-2 and substituting R, of B-3t

x Ry 8in § cos (B+7) (B-b)

y Teing sin (a+B+y+ )

In contrast to A-8a, the above equation is valid whether or not the
optic axis is perpendicular to the line of displacement.

CASE C: The object is displaced from its initial position up to and
across the optic axis but not to the perpendicular line of sight,

Figure 2 illustrates this case with the displacemsant to the right of

the optic axis designated by "V", From the figure:

v . Fp
T TETaTg ) (c-1a)
sinn = x'fw, {C-1b)
"2 . R -7 (c-1c)
. n, sing
Re sln (G+Q+7y+9) (c-14)
23 = Vecos (a+gey+ @) (C-1le)

Substituting C-lb through C-le in C-la and solving for V:

Ve x! Ri sin ¢ (c-2)
sm{a+g +y4f¢)‘[’f sin Ta+B+y+_¢) + X' co8 (T:+B+y+hm
From Case B:
xR, sin @ cos (B+y)

Y * Fsing sin (a+g+y+ ()] (c-3)

Adding C-2 and C-33
(c-k)
‘Y- R, ein g x cos (B+y) R X!

y sln (G+g +7+ g) |Teing f sin (QTB_+7+W + x' cos (a+dey+ §)

APPROVED EQR PURI1 C REI EASE
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CASE D¢ The object is displaced from its initial position, across
the optic axis, and up to the perpendicular line of sight, Consider V!

and x® of Figure 2:

_iié__. = tangy = x"/t (D-1)
Rp, = Ry sing (p-2)

Combining D-1 and DB-2:
Vo X Epeind (2-3)

Again, from Case B:

xRy sin g cos (B+7y)

y feing sin (a+f+y+9) (D-4)
Adding:
''- R sin ¢ (B " -
vV s 2| g Y -2

After crossing the perpendicular line of sight, the condition is iden-
tical to that described by Case C,

The four cases may be generalized:

o X Rz 8in ¢ cos (B+y) |1 in
e e e [y e e o (B el

f sin (&+B+7+ [)] +x x' cos (a+B+7+W ]

vhere x and x* are the components of displacement on the left and right
of the optic axiis, respectively.

The general equation reduces to the four special cases in the follow-

APPROVED EOR PUBLI C RELEASE
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case s w = o CHMEEENENNA

Case B *»* = 0 and x = £ tan (34.7)
£ tan (B+7y)
£ tan (B+y) and x' = £ cot (a+B+y+§)

Case C b X

Case D X

The rigorous solutions may, in practice, be greatly simplified, If

the optic axis is very nearly perpendicular to the line of displacement:
sin (a+B+y+¢) = 1
cos (a+B+y+¢) & 0

and the general equation reduces to:

. X Ry sing cos (B+y) _1 .
D = . f_co s [sj‘me +x]

Depending upon photographic factors such &s focal length and object
distance, the simplified relation attains a clegree of accuracy within the
limits of camera resolution,

Other specinl cases have arisen in connection with the displacement
of objects in two dimensions. In several instances two objects have been
photographed with the same cemera and, in general, the objects do not lie
on the same line of displacement. In relating f£ilm displacement to spatial
displacement in terms of the same known peraneters as used in the foregoing
cases, the trigonemetric equations become exceedingly involved, However,
the analytic procedure outlined above may be followed for variations of
the problem,

It is obvious that symmetry about the ortic axis and symmetry about
8 line of displacement perpendicular to the cptic axis exist and the de-
rived equations npply in all four “quadrants,"

Although a discussion of obJject height is in opposition to the "two-
dimensional" hypothesis, the f£ilm analysis provides a check on the

-12-
W

APPROVED FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

supposedly known object height, Figure 3 illustrates the spatiel relation,

a.g%_ - ;i.:Le.. » /g = coe (B+y) (1a,1b)
H = Rp h/g (2)
Substituting:
E = hBRg “"“f¢ s:z"e(B +7) (3)

wheres
h = measured film height of object

H = true spatial height of object

III. Three-Dimensional Displacement of A Point

An extension of the photogrammetric analysis to three dimensions was
necessitated by experiments on Operation Ivy, The displacement of an obe
Ject at an altitude high in comparison to the location of the nuclear deton-
ation occurs in three dimensions, whereas the recorded displacement is,
of course, in two dimensions on the film,

As in the two-dimensional case, the measured and true displacements
are to be related to readily determined paramsters, Figures & and 5 are
the elevation and plan views, respectively, applicable to the following
derivation,

Considering Figure 4:

&t = i3 (1)

(x +y) = ncos (e+8) (2)
or 9

{ « &1 cgs (e +0) (3)

APPROVED FOR PUBLI C RELEASE
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g, n and £ are known and (e+!) may be determined as follows:

(e +8) = (y-8), where 3 is known, but Y is the projection
of the vertical camera aiming angle, p , on the camera-object vertical plane,
The relation between tan p and tan ¥ » wherein the two subject planes

are separated by (S8+y) may be shown to be:

lan p ()

tan ¢ ® Cos !B+YI»
Relating J to i (Figure &):

i cos € ncos € cos (€ +8)
I SE (n+g-eT ” i (n+y=-c) (5)

In (5), Y is known from (&); similarly, 7 1is the projection of the
zero-object vertical angle, f » on the camera-object vertical plane¢, As

in the derivation of (i):

tan § (6)

tan 7 * cos )\

where
A= a-(B+y) +¢ (See Figure 5)

The angle ¢ is known fromt
ten € = tan (¢+8) - g/t (7

The coumponent of motion, j, in the vertical camera-burst plane is now
known, In a similar manner, the component of motion, m, in the horizontal

plane is determirned (Figure 5),

L

K/t = — s (8)

(r +8) = 0cos (B+y) (9)
or: . - KO cosf(B+7') (10)

APPROVERMFOR PUBLI C RELEASE
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Relating L to m:

L cos Y KO cos ¥ cos LB+ Y)

m" sm(a+ F-7) " fsein (a+Q -7) (1)
Angles @ and ¢ are known and ¥ may be determined from:
tan Yy = tan (B+y) - K/t (12)

From the known components of displacement, j and m, the true displace-

ment, D, 1is determined from:

1l/2
D = [m2 + 2 sina-q]/ (13)
Substituting for m and § (from (5) and (11)): y
1l/2
2 2
KO cos ¥ (B+7) +6)
> o BeEnEen] et el o

Since K and g are the horizontal and vertical components of displace-
ment on the film, they are related to the measured f£ilm displacement, d,
by:
K = d sinp)
) (15)
g = d cospu)
vhere o 1is the angle between the displacement d@ and the vertical ccmponent g.

Since O = n cos § , (14) reduces, with substitution of (15), to:

1/2
D= %g [sinp. cos & cos ¥ cos (31-)')}2 + [cos}l-cose 8in 7 cos (\P-S)]2 (16)

sin (a+ ¢ ~y) sin (n+ V¢ -¢)

where:

y = tan’l [m(3+y) -K/f]

APPRO\/ED F(]? PUBLI C RELEASE
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W
€ = tan-l [tan(\p-S) - g/f]

Voot [ ]

n = tag~l [E_e__]

cos )\
AN = a + ¢ -(B+y)

g€ = d cos 1)

K = d sin p

D = true spatial displacement

n = slant range, camera to initial position of object

d = measured film displacement

f = lens focal length

H = angle between film displacement and vertical component thereof
3 = vertical angle, camera to initial position of object

(B+vy) = horizontal camera aiming angle in relation to the initial
poaition of object

= vertical camera aiming angle
zexro-object verticel angle

= horizontal camera aiming angle

« A ™ 3
[ ]

= horizontal angle, zero-camera and zero-obJject

In practice equation (16) may be greatly simplified if long focal length
lenses are used and the camera is at a large distance from the object, Under

these conditions, (16) may be shown to reduce to:
nd i S |2 in 2 ye
sin g cos cos sin
D= F [HK‘E('T:T?T] + [?ﬁ‘&("mn n"‘]

-16-
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IV, Fireball Photogrammetry

Photogrammetric analysis, as applied to [fireball measurements, falls
into two main categorieg: surface burst, whecein the true zero point is
known in advance and cameras are aimed accordingly, and air bursts, with the
probability of the true burst point being off the optic axis,.

Ae Surface Burst

Figure 6 illustrates the relation between the true fireball radius
and the apparent radius, as determined from film measurements. Earth cur-

vature is not taken into account, From the figure:

tasn @ = Rg/R = 1rg/f (1)

cos @ = Ry/Rg (2)
and

Ry = (Rag/f) cos (tan~% rg/r) (3)
vwhere:

Ry = true fireball radius
rq = apparent fireball radius on film
R = range from camera to zero

b ¢ = Jlens focal length

For all practical purposes, this correction need be applied only to
data from statioens close to the fireball; in general, the camera is at
such a large range that the correction is of the order of 0,05%, a neg-
ligible percentage at the present state of the technigue for measuring the
film date, Of course, for cameras used at long range, the surface at the
detonation point is not seen and a correction for the curvature of the

earth must be applied to the observed radius,

APPROVED FOR PUBLI C_RELEASE
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A further source of discrepancy between true and apparent fireball
radii is atmospheric refraction., No attempt will be made here to evalu-
ate such effecta; however, the order of magnitude has been observed to
be about 5 feet displacement in 20 miles for atmospheric conditions such
as those encountered on Operation 1Ivy.

B. Alr Burst

The problems associated with an air burst are:

() The true location of the burst, determined by photegraphic
triangulation,

(b) Tae magnification factor between image and object when the
obJject is not on the optic axis,

(c) Tiae true radius (or diameter) versus the apparent radius
(or diameter),

(d) The distortion of the image due to the off-axis burst,

a) Triangulation

Figure 7 shows two photo stations in relation to planned ground
zero and the true ground zero, The angles 3, and 3, are determined from
film measurements by:

tan B = a4/
tan Bg - d2/f2

Angles a) and a@p are known from the camera aiming; 73} aad the

distance between the two stations, D, are knowmn from surveyed coordinates,

¥ = 90 - (ap+Ba+71) (1)
¢ = (Yl + al +* ﬁl) (2)
X = ainD si: "’* (3)
and . D si
Y = sin (as :?’, ) (u)
APPROVED™FOR PUBL| C RELEASE
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S X~ "
LT
aa

From which follow:

Z = X cos (01+Bl) (5)

V = X sin (Ql"'Bl) (6)

As a check, the second station provides:
W = Y sin (ap + Bp) (7)

U = Y coa(02+Bg) (8)

Substituting (1) end (2) in (3) and (4) and applying (3) and (4) to
(5) and (6), the full form of the equations expressing the coordinate dis-

tances of true ground zero from the two stations are:

( B B
cos (a+P, Qe+’ + 7,
2 -yt Lol Nor th
cos (Qg+ﬁ=' a - 5)

Station 1 <

\
W=D sin (az"'Bz) sin ( @+ ﬁl"' YI) South
a - -
Station 2 < cosl @+ ﬁa . ﬁ' )
Ueplo8(a:+B:) sin (a,+B +7%) East

cos (a,+f3, - a,- B| )

Having located true ground zero, the height of the burst above this point
may be determired. Referring to Figure 8:
X 1is known from the foregoing analysis '

€ 1is the vertical camera aiming angle (above the horizontal
reference plane)

E 1is the change in elevation above sea level between true
ground zero and the camera

C is the earth curvature in distance X
H 1is the height of the burst above the horizontal plane

H' is the true height of burst above the ground

: . e
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tan p = h/f, tan m =tan (¢ -p) = EH/X (1)
tan € - h/f

H = X[:I.«-n/f tane] (2)

E'= H + E + C (3)

Strictly speaking, the burst height is the perpendicular to the earth's sur-
face but, since curvature is small for camers ranges of the order cf several
miles, the difference between the true height and that given by Equation (3) is
negligible,

b) Megnification Factor

Figure 9 shows plan and elevation views for deriving the magnification

factor, In the figure:
¢ = camera location
A = planned burst point
B = actual burst point
R} = ground range to plennei burst point
Ro = ground range to actual burst point

@ = angle between optic axis and actual burst point,
in plan

8

vertical camera aiming angle

The magnification factor is: Rygy/f where

Ros, = Rg + R3 + Ry

R

RB = ?’%-B— (1)
A

B3 = Toeag (2)

C RELEASE
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Ry = (B - Hp, - X) ein B (3)
Adding (1), (2), and (3) and simplifying:
Roa = %%%»«(na-nnp-x) sin B (%)
But:

X = Asin B (5)

cos

. « RL 8in

Hap _“TEQ + B, (6)

Rl + A = Rycos a (7
Substituting (5), (6), and (7) in (%) and simplifying:

Ryg = Rocosa cos 8 + (Hp - H;) sin B (8)

c) Apperent Radius vs. True Radius

Figures 10 and 11 show the vertical and horizontal projections
for an off-axis air burst, The burst occurs at a height A hy above the
planned burst height, a distance AE away from the planned vertical
object plane of the camera and a distance A S to the right of the ver-
tical plane of the optic axis. These errors in burst position will result

in a measured film radius which is larger than the true radius, The mag-

nitude of the imsge error is proportional to the magnitude of the off-axis
burst error,

Furthermore, an image radius measured horizontally does not equal
that measured vertically, again due to the off-axis character of the burst
position,

Considering the verticel radii:

d
= tan (7y -B) (2)
T2 - tan (ey -g) (2)

-2l
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The fireball radius, as measured on the film, is then:

Ady = dyp-dy; = ¢ [tan (ev"B)'t&n(yv'B)] (3)

Buts
€, = Yy + @ (%)

Substituting (&) in (3) and simplifying:
(5)

Aq, = 2] =2 gv [1 + tan®B tanlyy + tan®yy + tan?g)]
[2 + tan 7, tan §] [1 - tan Vytan fiy + tanBtan¥y + tan Stan v]

Solving for tan ¥,
(6)
Ady [1 +tanB tan Yv]

tan #y = £ [1 + tan2Q tan?y + tan?y, + m@‘ﬁj -Ady [tanﬁ tan)’v] [14tan 7y tang]
But:
sin ¢v = ‘g_:—:’ (7)
vwhere:
h + An
Rgv = Tin_-)-'_vl (8)
Therefore:

(9)

-1 Rev sin 7y
gy = sin [ n + Ahy ]

Since the sine and tangent of ¢y are known, §,, may be eliminated and
& relation found between Adv and Reye In the right triangle defined by
tan @y and sin ¢, @

(A Ady DRey)2 & (Bf - ¢ Ady)2 D2 RE, = (A Ady)? (10)

APPROVED2FOR PUBLI C RELEASE




APPROVED FOR PUBLI C RELEASE

vhere, for algebraic simplification:
A = (1 +tanf tan 7",)2
= (1 + tan®f tan? 7, + tan27 | + tan2fB )

B
C = (tan 3 ~tan Vy)(1 +tan 7y tan B )
D

- 5in 7y
h + Ahy

Solving (10) for Rey ¢
A Aagy

D [(A2 +C2)Ad? - 2 BerAg, + B2 f2] e

Rey (1)

Equation (1l1) relates the measured film fireball radius to the ‘true
fireball radius, The fireball radius in the cbject plane, as normelly de-

termined from the film measurement is, however:

Rgy = M/t Adv (12)

where u/r is the magnification factor of section b, In the notation used

in Figures 10 and 11:
M = (R, cos ay + AE) cos8 + (h + Ah,) sin 8 (13)

Relating apparent fireball radius to true fireball radius through
(11) and (12):

A Bay
v ml(——-——-“a ;202) Rey - 2BC/M Rg,v-rBa] e ()

Equation (14} may be simplified in practice: if, as is usually the
case, the camera is at a range very large compared to the firebell redius
(1eee, M D>> Rgy)s equation (14) reduces to:

Rey = Ryycos (7, -8 ) (15)
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Moreover, if the burst occurs on the optic axis (i.e., 7, = 8),
the apparent radius is equal to the true radius,

When applying the general equation (14) to a specific case it is
necessary to evaluate M as a function of R, :in order to determine whether
the gimplified relation may be valid, In sone instances the burst will
be mach closer to a gliven camera station, ami the data from that station
should be corrected by the general equation o give the true radius,
vhereas other camera stations are far enough from the burst that the

simplified equation may be used,

Although the equations have been derived for a specific burst locationm,
symmetry about the optic axis implies, and may readily be shown, that the
equations are valid regardless of the location of the burst with respect
to the planned burst position.

The derivation for the horizontal radius proceeds in the same Pfashion

a8 that for the verticel radius, resulting in:

Reh

vwhere:
M = (Rgh cos aqn + AE) cos 8 + (b + Any) sinf

J = tan GQp
1 + tan? a
I = -cosﬁ(li-ta.n Yv tan 3 )

If M >> Ry, equation (16) reduces tos:

Rep, = Rgy cos ap a7

and, if the burst is on-axis (@, = 0)

Rfh = Rah = Rfv = Faf (18)
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d) Distortion of Image Due to Geometry

Although the general equations (14) and (16) indicate very
serious distortions of the fireball image when the camera is close to
the burst, the most frequently encountered conditions, represeanted by
equations (15) and (17), also give evidence of distorted fireball images.
A detailed study of this distortion is felt to be unnecessary at this
time for several reasons,

Lens distortion has been assumed negligible in the foregoing
analyses; toward the edge of the film frame this distortion is probebly
camparable to that produced by off-axis objects, Moreover, the current
method of measuring fireball radius consists of fitting a circular grid
to the fireball image; since, at least in the early stages, the fireball
is not spherical, the smoothing afforded by the grid method probably over-
shadows the distortion, Numerical examples have been worked with the de-
rived equations snd, in gemeral, show a deviation of true radius frem ap-
parexit radius of the order of several tenths of a per cent; scatter of data
is greater than this error, Until such time as the variation in data can
be reduced, the radius correction is felt to e unnecessary for most of
the film data; special occasions may arise in which the full corrections
should be applied,
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