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Act iv i t .y -  Exposure/Dose Calcu lat ion /
/

A radionucl idg-  source used as a IeveI  gauge Fas an
ac t i v i t y  o f  (240  mCi .  The  sou rce  emi t s  a  0 .891MeV \7  i
ray with eac\h-d€caJa-:,_ 

-*- --=-..

exposure rate at  a  d is tance of
source (assume point .  source

SAI\TPLE CAI,CULATIONS
- IONIZING RADIATION-

a . )  . C a l - c u 1 a t , e  t h e
g ' f t  f r o m  t . h e
geometry) .

X =

X =

b .  ) Ca lcu la te
works at

X =

D E =

b v :
d -X

x
A =
E " =

d -

7,:
6  A  E "  n /  ( d ) 2

exposure rate (mR/hr)
a c t i v i t y  =  2 4 0  m C i
I - r a [  e n e r g }  =  0 . 8 9  M e V

number of  7 's  per  decay =
dis t .ance f rom source = 8

6 ( 2 4 0 )  ( O . B e )  ( a . o )  /  8 2

1"282 /64  =  20  mR/h r

1 . 0
f r .

the dose equiva lenL Lo a Person who
tha t  l oca t i on  fo r  5  h r .

20 mR/hr  x  6 hr  = 120 mR

x  ( ? )  =  ( 1 2 0 )  ( 1 )  =  1 2 0  m r e m

At what distance would the e)<posure rat.e be
2 . 5  m R / h r ?

X r ( d r ) 2  =  X z ( d ) 2

( 2 0 )  ( 8 ) 2  =  ( 2 . s )  ( d r ) '

( d ) 2 = 1 2 8 0 / 2 . 5 = 5 l � 2

d z  =  2 2 - 6  f t
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Radioact ive DecaY Law

A.  A  rad ioac t i ve  sou rce  o f  r3 r I  has  an  ac t . i v i t y  o f  2BO
mCi on the day i t  was received-  What  is  the
a c t i v i t y  4 7  d a y s  l a t e r  ( h a l f - I i f e  i s  B  d )  ?

4 = foe-o'6e3lrtA

fu  =  280 mCi
t = 4 7 d
T , A = B d

q  =  2 8 0  ( " - 0 ' 6 e 3 x a 7 / 8 ;  =  2 8 0  ( e { 0 )

4  =  2 8 0  ( 0 . 0 L 7 )  =  4 . 7 8  m C i

B. I f  you needed L2 mci  a t  that  t ime,  how much act iv i ty
do you need at  t ime zero?

4 = Ane-o'693t/'ttA

4 = ] � 2 m C i
! = 4 7 d
T , n = B d

4 = t2 mci = r\ ("-0'6e3x47/8) = A'o ( 0 . 017 )

&  =  t 2 / o . o l - 7  =  7 0 5 . 9  m c i
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Exposure Rat .e and Shietd ing Calcu lat ion

For  a  1 -C i  sou rce  o f  t "Cs ,  ca l cu laLe  (1 )  t he  exposu re
ra te  a t  a  d i s tance  o f  3  m and  (2 )  Lhe  th i ckness  o f
l ead  requ i red  to  reduce  the  exposu re  ra te  to  2 .5
mR/h r  a t  t ha t  Po in t .

L . )  X  =  6  A E - n /  d 2

[ = 1 C i
E ,  =  0 ' 5 6  M e V
r l  =  0 . 8 4
d - 3 m = 9 . 8 4 f t .

x  -  ( 5 ) ( 1 )  ( 0 . 5 6 )  ( 0 . 8 4 ) / ( e - 8 4 ) 2

[  =  3 . 3 3  / 9 6 . 8  =  0 . 0 3 4  R / h r  =  J #

2 . )  I ,  =  I o e - r '

I ,  =  2 ' 5  m R / h r
Io = 3a mR/hr
P = 1 '  l -5  cm-r

2 . 5  =  3 4  " - l ' 1 6 x

2 . 5 / 3 4 ;  0 . 0 7 4  =  e - r ' r 6 x

T o  s o l v e  f o r  x ,  t a k e  n a t u r a l  1 o g  ( 1 n )  o f  b o t h  s i d e s .

l n  0 . 0 7 4  =  1 t t  a - l ' l 6 r

- 2 . 6 L  =  - 1 . 1 5 x

x  =  2 . 6 1 / L . r 6  =  2 . 2 5  C m  { 1

, /  
' \  

.  . r  
) ^ \ u e  

\ r - ' 1 2 t
/ t l . ' l i  \ h " l t r
\ t 1  v t - , - )  \  . .  { - \ ,



\
\ -  D
'rt- 13

aiI�ta D

"D "Jn'
- m

W\ilr - \  -

\t

l , ase r  Ca lcu la t i on

A hel ium neon laser  has an output  power of  l -0  mW.
The beam diameter is 2 mm and the beam divergence is
0 . 3  m i l l i r a d i a n s .  C a l c u l a t e  t h e  i r r a d i a n c e  a t  t h e
exi t .  por t  and at ,  a  d is tance of  L  km downranqe.

output  power = 10 mW
exi t .  beam diameter  =
beam d i ve rgence  =  0 .3
1 k m = 1 0 5 c m

Ex i t  beam i r rad iance

1 . 2 7  Q /  a '

r . 2 7  ( 1 0 ' )  / r c . 2 ] r 2  =  r . 2 7 x 1 - o - 2 / a x : - } ' 2

0 . 3 2  w / c r {

L . 2 7  a / @  +  r O ) 2  =  t . 2 ' 7 x l 0 - 2 / 9 . r . 2 x : - o 2

Q =

a =
a =
f -

= 1O-2 w
O . 2  c m

m r a d = 3 x 1 0 a r a d

E

E

E

B e a m d i a m e t e r a t r = 1 k m

D L  =  a  +  r O  0 . 2  c m  +  ( 1 0 5  c m )  ( 3 x 1 0 4 )  =  3 0 . 2  c m

Beam irradiance at l- km

E 1.4x10-5 w/cr f  =  a4 pw/cr f i  /

l 1



1 .

2 .

3 .

o (w) = 8+{+ iv  r r . ,  
t ( s )

I r r a d i a n c e  ( E ) :

USEFUL FORMULAS

- 1
1 l *  =  l J . s  -

R a d i a n t  E x p o s u r e  ( H ) :

^ L3l9 -?. c-=r- 2
i i = 6 = f i  =  

d 1

{ .  Beam Dlameter  a t  Range r :  DL =  a  +  r  o fcmr \  (o  S  ,37 , "d i .$

g;. Vn^

w. cm- 2

-' 
6'( r r*t

5. Irrad, lance at Rangc r:  !  = O=?;5- - " (strsp

A r l ' a i5. Radiant Exposurc at Ransc r: H .' 
;ft.S'i 

= 
ffi 

r. - L !
cm

7.  Opt lca l  Dcnr l ty : O.D.  r  1og E lE o t  log  H/ l tn

FICT RE BJr. Extcn&d rqrrsc vicwin3 - normdly e difrrrre rcflcction

F*'
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2
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OPTICAI RADIATION
S a m p l e  C a l c u l a t i o n s

E {nF
f  

--Ul{raviolet Radiation ExPosure
\\

The ef  fect iv-br i r rad iance (E"n)  of  .e
the  I JV-B  range  t zAO-31-5  nm)  i s i 28  )p
can an unprotecteci worker be e*poCe

shor t  arc  lamp in
w/ cnf . How f oing
d to that.

. g

\ _ - N .
Av '$

\]

i n t e n s i t y ?  
/

TLV = 3 mJ/cmz = 3x10-3 J/cr* 
,r/

E"r r  = 28 1tw/cr*  = 2.Bxl -0-5 * / . , f

t . u *  =  T L Y / E " r c : 3 x 1 0 ' 3  J / c r * / / 2 . 8 x 1 0 5  w / c m 2
/

L." ,  =  1.0 '7xLoz s  = 1-07 s . , , '

Wha t  op t i ca l  dens i t y  f i l t . e r  p Ia t .e  i s  requ i red  Lo
al1ow a l l  day v iewing?

I
oD 1og e",,/TL.,V = 28 pw/crf /o.t 1tw/cr*

O D  l o g  2 8 0  =  2 . 5

A black lamp ( I . IV-A)  used for  inspect ion exposes a
worke r  t o  an  i r rad iance  o f  2 .5  mW/cmz .  Can  the
worker  be exposed to t .h is  lamp a l l  day wi thout
prot .ect ion? I f  not ,  what  is  the maximum al lowed
exposure durat. ion?

rlv (w-A) 
i yfy' t

t
1 0 3  s
1 0 3  s

t-"mu

t--mat

l -  l /c r#/2.  5x1o-3 w/cr f

4 0 0  s  =  6  m i n ,  4 0  s



RADTOFREQUENCY/MTCROWAVE RADTATTON
Samp le  Ca lcu la t i ons

POWER DENSITY CAI,CULATION

.p\, 
d

Ca lcu la te  Lhe  equ iva len t  power  dens i t y  (P )  f o r  each  o f
t . he  f  o l l ow ing  f  i e l d  s t reng th  va lues .

E l e c t r i c  F i e l d  S t r e n q t h

E z  =  L 5 o , o o o  v 2 / #

P E2/3770 mw/cm2

P = 160 , 000/3 77 O mw / crrP

P = 42.a mW/cm2

Maqnet ic  F ie ld  S t . renqth

H 2  =  O . I 2  N / t f

P  =  37  .7  H2 mW/cm2

P  =  3 7  . 7  ( O . 1 , 2 )  m W / c m z

P  =  4 . 5  m W / c m 2



DUTY FACTOR CALCULATIONS

A.  RF Heat .e r

An RF heat .er  operat ing at  18 MHz is  used to
manu fac tu re  p las t i c  ho lde rs .  Each  comp le ted  p iece
requ i res  2  sea ls  and  the  RF  power  i s  on  fo r  1 .5  s
fo r  each  sea1 .  The  ope ra to r  makes  120  p ieces  pe r
hou r .  Ca lcu la te  the  du ty  fac t .o r .

D F  =  R F o l t ( h r )  / 0 . L  h r  =  R F o l l ( s ) / 3 5 0  s

R F -  -  ( t i m e / s e a 1 )  ( #  s e a l s / p i e c e )  ( p i e c e s / h r )  ( 0 . 1  h r )

R F *  =  ( 1 . 5  s )  ( 2 )  ( 1 2 0 )  ( 0 . 1 )  3 6

D F  =  3 5 / 3 6 0  0 . 1 0  , r r . d f S )

B .  Pu lsed  Radar

A pulsed radar  operat .es at .  a  f requency of  6 .4 GHz.
The pulse width is  12 ps and the uni t .  generates 15OO
pu lses  pe r  second .  Ca Icu la te  the  du t . y  f ac to r .

D F = P W x P R F

PW = pulse width = t2  ps = 1, .2  x  t_0-5 s

PRF =  pu l se  repe t i t i on  f reguency  =  1500  Hz= j - .5x103 /s

D F  =  ( t . 2  x  t 0 - 5 )  ( 1 . 5  x  t 0 3 )  =  1 . 9  x  1 o - 2

D F  =  0 . 0 1 8  ( 1 . 8 ? )



An RF heat .er  operates at  55 l ' [ iz  wi th  a duty  factor  o f  202
(DF  =  0 .2 )  .  The  max imum f i e ld  s t reng th  exposu res

measured  a t .  t he  ope raLor ' s  l oca t i on  a re :

E lec t r i c  (E )  f  i e l d  -  l - 5  ,  000  V ' /n f

M a g n e t i c  ( H )  f  i e l d  -  2 . L  N / \ f

operator  exposed to f ie ld  s t rengths exceeding theIs  Lhe
TI,V?

RADIOFREQUENCY (RF) HEATER EXPOSURES

The TLVs are:

E

4 , r " H
x

^ v

v'{
' l u . - . ,  The  du tv - fac to r - co r rec ted  exposu res  a re  as  fo l l ows :.\J

E - f  i e l d  -  E  =  ( 1 5 ,  o 0 o  v 2 / r \ f )  ( 0 . 2 0 )  :  3 o O O  v 2 / n f

H - f i e l d  -  H  =  Q . r  * / r \ f )  ( 0 . 2 0 )  0 . 4 2  A t / r *

0 . 2 5 1  A / m ;

:z\zm,

o .  05 :  $u* ,

F .

tl-

Exposures

3 OOO V2 /\f

o .42 *  /n f

I f  e i t he r  t he  E  o r  H
overexposure.

f i e ld  TLV  i s  exceeded ,

TIJV

3770 v2 /nf

0 . 0 6 3  t / f i

Overexposure

No

YeS

there is an

1 0



RF HEATER EXPOSURE CAI-,CULATIONS

An RF heat .er  operat ing at  22 ! f t lz  is  used to  seal  notebook
covers.  Each cover  takes 10 s  to  produce wi th  an RF seal
t ime  o f  2  s .  The  ope ra to r ' s  exposu res  were  measured  to
be  l -5 ,OOO v ' / r#  and  b .e  s  * /m ' .  i s  t he  ope raE .o r
overexposed? Calcu late the eguiva lent  power densi ty  for
each  exposu re .

1

f = 22 IvftIz
R F o o = 2 s
Process  t ime  =  l -0  s

DF  ca l cu la t i on

D F  =  R F * / 3 6 0  s

D F = 2 s x 3 6 / f 0 s

Du ty  -  f ac to r -  co r rec t  ed

E2  =  15 ,  o0O v2 /m2

x  3 6  =  7 2 s / 3 6 0 s  =  0 . 2 O

exposures

( 0 . 2 )  =  3 O O O  v ' / r *

2 .

H 2  =  0 . 6 5  N / r r +  r c . 2 )  =  0 .  i - 3  * / r r f

3.  TLV C,alcul-at ion
/'

E  L  r 8 4 2 / f  =  8 3 . 7  Y / m
. " f ' ,  I  i

; l ^ V  \  . '
LX--  n  \  re  .3 / r  0 .741 f i ln1v l l \ \

, ' 't l\ )
\ \ /

4\- /  Determinat i-on of overexposure

E2

H2

7010 V' /n f

0 .  s s  * / t t

Bot.h E2 and H2 are below the TLV.

Thus,  the  opera t .o r  i s  no t .  overexposed.

5.  Equiva lent  Power Densi ty

p  =  E 2 / 3 7 7 o  =  3 o o o / i 7 7 0  =  0 . 8  m w / c m 2

P  =  3 7  . 7  H 2  =  3 7  . 7  ( 0 .  t g )  =  4 . 9  m W / c m 2

1 L


