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.................................... (01) 



(a} {i) 

·--·--------------------··----·--·-···-·-·-·----·--·--··- ------

�---� 
A A 

A A A 

.......................... . (01)

•·• ........................ . (01)

• • • • H • • • • • • • • • • • • • • • • • • • • ,(01)

_( cf�0 ?:i)6G'0zs! 62.i:l 0"[0�2.i:lLJd I A' �ID 'N' �Zi)LJJ .si�� e��. �ed :is)ll5):15)$ e�� 01 
_ � ef�2.i:l6�:15). ?:i)6°IDec& c:3e!?:i)o6� G':is)o�C2.i:lo e�� e@:> e�zsf:15). './5)25':i'� De �en G'LJ:is)e!

:15)® e�� 01 � cf�2.i:l6zsf:15).) 

(ii) 
An 

l =n-
2 

--------(A) .......................... . (01)

1 

2 60 Hz ex -------------(X) 
l1 

fz ex -------------(Y)
0.7l1

1 f
3 ex · ----------(Z)

0.53Z1

.......................... . (01)

........................... (01)

.......................... . (01)

.......................... .-(01) 

.................. (01)

...... ·········· ..... (01) 

..................... (01)

..................... (01) 

························�-.. (01)

♦♦I♦ ♦ ♦  I♦ I♦♦♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ ♦ • ♦ ♦  ♦(01.) 



(Y)/(X) ⇒ _h_ == � 
260 0.70 

/2 = 371.43 Hz (371 - 371.4 Hz) ........................... (01)

h 1 

(Z)/(X) ⇒ 260 == 0.53

f3 = 490.57 Hz (490.6 - 491 Hz) 

(ii) f rx:.Jf ©ID:J f2 oc T

(c) (i)

T' ,_... 
⇒ r = [1.01]2 = 1.02, �C! , ciA-J

T'-T 
--%=2% 

T 

f rx-/f ©W1 /2 
oc T 

LJf l LJT
⇒-=--

f 2 T 

⇒ LJT == z ,1f

{ -
4 

T f 

T'-T 
--%=2% 

T 

A A 

4 4 

I /. ���oc'I

[I-- o .oiJ 
O · C/ C/ c,r,J -�

� �J •t> v" ,

........................... (01)

........................... (01) 

........................... (01) 

........................... (01) 

.......................... . (01)

(01 X 3) ..................... (03) 

(et8� �6G-e>25"5 d?;:i) 61e.,c..')2li)e)� 'A' �w 'N'<c�D:i isl�c.:i S�c..:). �<:te.:f 25)1l53ZS1� c�� 01 � 
��2li)62S"f25) •. 25)e De �m G'V25)e.! 50 <c e�� 01 � �8 2li)625"J25).) 



@ C•'5l, !:lw,co "'�"'�"'e®l5"1'25.lEl 
·---·---·-- --•--------• -·---- --·---------- ---------------------------------

(ii) 
;i, 

l=-

4 

V 340 85 

l=- = -=-xlOO 
4/ 4/ f 

85 
=-XlOO 

260 

= 32.69 cm {32.7 cm) 

85 
=-X100 

491 

::;:: 17.31 cm (17.3 cm) 

(iii) ( L X f = 251C.'.l?S:ie.'.l� ) 

32.7 X 260 L x 255 

260 
L = - X 32.7 

255 

= 33.33 cm (33.3 cm) 

0.64 cm (0.6 cm)(5e::ia25) @2S)<3El8':d @c(�0 

........................... (01)

........................... (01). 

.......................... ·.(01)

(f-C/0 5 ·1- €)�...) �rj-v\, 

(Lt• �'J-51:) ............................ (01)

............................ (01)

.......................... . (01)

......................... ... (01)

(iv) a8de,c., 0a3:d e,ac;El2S) �{32S:l e3°@)5:12S)c., ®<tClJ-6>c.,2Si @e) 

(/= !!__ .f' = �) 
4L ZL 

.......................... . (01)



7. Dcoz.:t1e)t!f �cg� �l:lalt!f Q@.ID 0-r�25) e)c) e'.)a, CtiloCJe)Z:S, @Cc.'.ll:SlO e,a:, oo:x:)zs, Sewz:oc) c.'30� e-e}.
c;:s:fdcoe:>z:s, @eai e:>c:!� �<!:O�Q %:l:IC� ::i)dW qt:i)O oo:fOi:D �C'-' ®:>W,:CQc) QJ@dcle,f) Dc:!�D elBtiJcoc)
�@6@0 @c.s:> CS>08.
(a) �D ®:>Ollc.'.ld � e>i@0m ®m ®co:fc:it:l)JO De:fQe>� e:1�w:i a-d:fwt:ll @cc.:J c:!6-C):fdcl@cl �c.:J®<-' ®IDm

g!'!S):xi;i zs,� rnrB c.:i.
(i) ®251 @<lJ:>C32:l)J6 �tj2e>cl Q�©:> e:!G-o:fde:fecl a@c.:i �Cl:1 <ctife):1 0$ oo:i®ffi?rl m® z:i'ldzrns...

(ii) e::f©C):fde:fecl a@o 0t3e$e,�m 635� � fl:>:i©m tsi6m cot:Sl(!om � 8ai:i <cdElz-fm.

(b) :;es�:>� �elc.'.lPSl �@<.'.)2:S'} 11'�� 2:S'.>@2S'l e;:19 §@� e3G2S:!Z'fm. ai:19 SB� �e) aasc:lc.'.l 2:l)� o-r@&®o (l)t;) a}?$)
l'Sl�(3C5 �4!liic:l B�®a e:f� �®c.'.l @al:U(:l ems, Wt!Sl. co Q/!)(l) � e)m &)� eJ0CZS'.lc3 &:1 Ill£=\
elm @co1® @ts'l:>COC?!OO �a®m, �<'.cz, C<i z:roeai t &3 � �t:!9� ®:>Qllc.'.l!Z) � €>� §@g?S) d5�z:i, g@!'lcnc.,

V(t) CJ-z:n-z:;:;, V(t) = VT ( 1 - e : ) ®ID� e@a �a, fl)"(_tsl. �®� VT QID 7: 8�@e::>�m 039 §@�@83 el8%S>�

q:>mz:n g�roc.'.l e,w e'}@::iznB z:o:>cai (relaxation time)�.
(i) �c:&9,e> ®:iw:t1<.'l2:I) � 009 � 08%S)c.:i e,�w:i �@:l�a �cc.:i 4 µs �. e}a, �0c�0G"d So �.&t:Sl

9�!,mc.:i, Vr08� 50%z�fe®o i.,��:> z:ooec.m-@!ii� ?.:Dd�m. (ln0·5=-0·7@ee:i mmm)
(ii) Eh9 @§Gi'@W cl5&z:D �coa,. Vre>Bm 50% Be) 90% <;de:i:> D-rru e:l®cl (D�.:5)0 1:ll:lCC:l ID-e!iimo t:ii6�251.

(In O· l =-2·3 G>(';C romz,).

(iii) <yeot:S) (b) (i) e:iro (b) (ii)@ ca:i m!!if �or. eo�m e):,g §@@@S3 �z:s, 9<3'e,a,e-cl e'.lc)eznc:i, 1:lllC®d
@l:l)(.'.l� cs-ee:i en� <toomm. gdox16©-C.'.f V r 01�1�§e) �:::sie)m�.

(c) lO m cec:> GNs,c 130€:b q1B 010Bcl'.Sl OQ@C Bo iywE; m53Z) e):,g @@@:Si' eoet.SlmZS).
(i) �:>9 §§@@15) p 2:ildm e:i®gaw� GlCCJ eo��:> !;l'Sl:lll)ZS)CJW '7, P0,Pa, a' e::<l'.l Vl'f7.906m eSJ:, CD2:S'lz;,.

@'@@ e�e �d93e'.lrsi:> Qo��z:i,a, 1/. �c'E)e ii:izms50o P0 , E):,i:ootd �?:5:>ISielc.:i Pa , D:i9 §§@� q6c.:i
a, e::eo D:J9 §@@@53 ge!lmc:i v ee).

(ii) T/ = 7·5 x 10-2 Pas, p0=900kgm-3 ,. Pa = 1·225 kg m-3,e::eo D:i9 §§@:9 e::o@:>Z):e qdo
a = 0· 1 mm @CO � lftt:il. E>JS §§@�63 @d, Qes:J ce:: e::®a, 8c'.>25'>@d' eJE)e2S)o �O:l enB e)?S) @eo1® .
0tme:ie1!11, w8&im � s§cs-�s q:,mis, �©o cn4!lii2S'lo l::ildmz,.

(iii) 0:>g §�@63 qtm:imtD6 8e;)ZS)c.'3 100·33 kPa� Elog0<l:l�c OOwc 100 kPa� @tS>de:>C oaeazsi <pl:>)&.,
2·Ox 10-2 N m-1 � t5"l®, ®ISlC oaGG�c.,e) ®�w oro� � E>:ig ,@§@(;a1 qoc:i .. a,�ZS)C:, ?5)Qmzn.

(iv) 0:,9 @§e-@&3 qoo cc, e::®m G-0me:f el® e::cl:il®m ei63 cle$nts> g<3'Da,@a!, l::il:>Gc.:i e::®GJ e'.le:lc-z:;,c:, ,:;� ·
e:;c)es:)2:nt:i) <':tl'x �cle)m'2:i).

(a)(i) F = 6rrryav 

Tf - �d'9oe3?5lo �0GJ�::filc..5 

a - emd' eec& ct6'-'

v .:.. - ea,d'e,©d ge-e)a,c., } 
(ii) 0d'Z3J00 �:>G'C2filG&€l 25l0C g€l:>Wc..5 ct251:>2.SJC, LJC.., ffi?3J8.

0d2%®LJ ®?3J80 9®0 vc., SZ3J8.

.. ....................................... (02) 

(01 X 3) .......................... (03) 

cf®2512fil €ld�zf ®ZD gisl@c..5:> ®25102:.l.)C, S7SJ8/ 25l6e� Dd'Z3JD e)c):i 5©:iC 9®cf ©�2:.l.) is,�c.5

ffi'oJ,8.
?5loe,ecJ caJ�?S!Dc.5 z3c.,i5) 5c., S'ISJ�.
�@) e.5:>�'3 �t:))5�25)25) �:>�:> 253�"' ffi'oJ,8.

?5loec..5 �cde:>c e3c.., eZSJ8.

( 625) e,e325'}(3e325)C.,25'}c) CZSJ� 01 @ls� ce,25'}cfe,251 et;2fil2S)c)) (01 X 2) ............. � ...... (02)
. I • 



(iii) 

ct<

50 % Vy 
= V

r
( 1 - e-t/,) f 1 - e-t/r = 0.5 

t er:( 

⇒ e-1. = 0.5 ⇒ _ t/r = ln0.5 = -0.7

e-t/. = 0.1 ⇒ - t/ t = ln 0.1 = -2.3 

V(t) 

-----------t 

.................................... (01) 

................................... (01) 

.............................. : .. (01) 

... .................................. (01) 

................................ (03) 

(9cl?i):10G'cl m1e)� c�� 01,q25f� c�� 2fil13®c) c�� 01; v r c�� 2filB®c) c�� 01,
c.25}�):f cn-&2n� 2:S)o gcl6::,oc., ct1� ct1.2Sf2n® c�� c@:>e��2n) 

(c) (i) D:>8 §§c ®l5) �"'J2m62S) @c czs!dc:>D2m (c8�01 G'l5)69®) i, G-6:fw� @cc., 

t ID:> €lJ9 §§@C @6 t @�. 

l �aa,<l @d�et <l,9 §§e ®"' e,®99,.,i,,, @ec., ,r1,,J,,,&¢> 1lltoe' (Q� I '8t<½� · 

FR 
= V p

0 g - frrrrJaV - V Pag ....................................... ..... (03) 



.. . ......................... (01) 

€b8 §§ec @6 (�25'J® � rra3 Pa g) e.:lW e,e.5 e.5e)(£) 88zr:ie-d eDzm.:mee @ce,t® G'25')Je.:lb25)J 3 
· w18c.:i 58 ( �25'J® a80JeD eDzr:i�2S.f G'25)JG'LJ)

⇒
V = � Pog aZ

T 
9 TJ 

··················· .. ········(02)

2 (900 )X10 
(Q 1 ·io-3)2 V

y 
= - X --- X . X 

9 7.Sx10-2 ...................................... (01) 

C \,,) s f 
f=v@� ��" <r.q_b .seh'\ . 

··· ····················.···············(0l)

················ .. ················· ....... (02) !J.P = �inside � P outsid� .
2 T / r 

(�®25)66>ed e.'.l2S.i e,lis,25)25)c) c�� 01 @1'8�) 

(100.33 - 100) X 103 = 
2 X (2 X lO-z) / r

r = 1.21 x 10-4 m (1.2 x 10-4 m)

................. .............. (01) 

.................................. (01) 

(iv)cp�Zi:> 9etlcnc.:i, VT CX: a2 �e.:lJ VJ8 §§ec cf!Oc.:3 a 01e'.lLJ25) 88, Vr Die'.l G'V. 25)§is, e,�

e.:lelCD 8Da:,ed e-Da:,� ��J D:ia §§G-0] e,501D Die:3 eD. 625)1!) 6§3 cf6c.:3 � Di5 @u.

e00 q@�D q6G-d Di©e'.l0 ��:i, D:i9 §§C cp25"5i5:l 9e�roc.:38 C©LJ025325"5 e-25:l:idv

2SfD6�c.:i @D.

V(t) 

············ ................................ (03) 

(cps:illS 25)@) 2SB@ eS<'c<.O::i G�� 01, �cl6J6e-d �J6®w25) 25')1w0 �c;wJ c�� 01, �w e.:>gz:i:>J�a:i 
q�-0:ife:), 02.Si<'t©J® a.,1G30 �CrWJ.-C�� 01) 



(c) (3) 6io®cl 'tlw@0zn e,� Peto Q e.:i®:n:tltird e:,e&ro t:i>ti:@ ®'(iZD qtS>do de ©E>:5cl'oc.:itl>J€>cl ®w�c., i:S'.lzt:i).. 
P eeeo Q zs,eo� (4) oic:l@cl �d<W� o� d �6Bm ®-02:rl el enzs,. �®� d@l!!J@o B ®'-':><;:> en£3 qt:uo�o 
cy@etsi@§:fm f:l)�@ai®cl ez:rl'�®�c..,d m1B. Dro ti}<:h �� qoo e3ro0 qzrli:ndc., '\l�

Q 
8d1@:>6i zs,� eo125,. 

®'®® @c.:,:,e:>8c., ey@et:SXi>'Q&�E>e @!l©<.5 �b�c., Be®o �25leo @®Cld' eeei ®c.:l:l<;:> (l)ZS) tD1t:l'l. 
(i) eyrots> SdtiSJJdle) 8b B5@®m 09, P eec:0 Q t:uen� qzs,6 en£3 �@ecl@g&mc.:id ®ti:, C¾:l&�m u�cl

�w �®@z:i) @e en� �de)m�.
(ii) cye-ecleg:l'�e:>c; ®-e)(DQ e.;�roo 9t:i>JG.l�Q2S) d, B e,ro V

PQ 
en900ro C;Q}J CDclID.

(iii) B ;;;: 1 mT t:ii:o V PQ = 0 025) 50 (g)@czwg:f25)VC od®cl q6c.5 6 cm @e). V PQ = 840 V e)2S) vD
<;)®e,d<:>g>2S'.l 7.:SXi®@<:tcl C%:Dl@®-@SiQ� �{%5). P <l)J Q t:i)el:)� qroo OOti}QO 8 cm e-0. 
( 1) <&)©Cd@§&ZlG.'.lr.:s> @�me.,, eero

(2) �@ed@§&ZlG.'.lZID qo©-c5&o-E!ita,c) e,� ozs,clwed qmo:ltS)c., (,{)
CIH!lvis:>c.'.l i=l)Omm.

LlB 

LIB . µoILll . g
=--sm 

4rrd2 

µ01.Lll (rr) 
LJB =--sin -

4rrd 2 2 

µ0 JLJ.l 
iJB =---

4rrd 2

/lo I
B = -- (ZnRN) 

4rr R 2 

µ0 JN
B=--

2R 

OR 

OR 

.............. : .......................... (01) 

......................................... (01) 

................................ (01) 

................................. (02) 

........................................... (01) 



(iii) 

( c;ro6G-d G-zs52rl�c.,D cpe..ns-!2510 6253®2512SlD �®a2rlzs,6 0�6>:> 22S5 07:Sf aiDlSS®) .................. (01) 
(91D® LJGJG-c.,2rl ®c;�i:.., G-c56>oD?Sl e)Z}} tJzs,cc.,?.S:l'D25f �Dld.� �a;ioDcD C�-E§ �B® c.,�wo) ... (01) 
(�DZ>f e.,®®:§325) 90D ec5ol:> e>�Cc.,�e);sf c.,®cn C�� �B® e5t;ID:>) ................ (01) 

(b) (i) q;>ec2lS!G-Q1251c..,25) dDd&c., 2516®0 (A2 e�e.->0) ew:f D1l) �LJIDC..,Zfil 4161 e3ZS°!5)151l::5)

�G'C2l51®81251 2S)<c®wc..,2Sl' �e,<ce,®. . ......................................... (02) 

Az �� �ec�G-9:f251c..,2S) G-e'.lcnc.., v 251®, 
\ Yi. .A� 

@�V'.) - O 6
� " t.. < V") ••"" . 1 2- 0 + (-e)(-V) = 

2
mev2 + 0 ............................................... (02) 

(e,� e)� e:iid'.5) e5�m:> 01 c�-6> @iafan) 
( 0�?5J �l2:rl'e5®25'! G-251o®i253D 0@� 8"'�® ac; 251Di6�e) (3"':, c;2lS!D:> 

cttd2SJ® C�-E§ 03 ® c@o�C., IDi�'-') 

2 
2eV 

V =-­
me 

v= � 
✓ me

············································(Ol)



·-·····•········-··--········-·· ----··············· ······· ·· ···-···-····· 

r 

eV 
:.a =

-

lm
e 

v
2 

= u
2 

+ 2as woeJ25)@e5251'

v 2 
= 0 + 2 ( ev ) l

lme 

Ber
v=-­

me 

:. Ber = � 
OR (Ber)

2

me ✓� 
me 

e
me

............................................ (01) 

............................................ (01) 

............................................ (01) 

............................................ (01) 

..................................... : ........... (02) 

zev 

me 
.......................................... (01)

.......................................... (01) 



( C ) (i) 

(iii) (1)

FE OR eE

- - - - -- �v
-e

F3 OR evB

Bev= eE 

Bev= e (v

:Q) 

VpQ v=­
Bd 

840 

v = 1.05 x 107 m s-1

2 

B 
mev ev=-­

r 

e V 

me Br 

1,osx107 

= 1.75 x 1011 C kg-1

.............................. ;.(01) 

................................ (01) 

.......................................... (01) 

.......................................... (01) 

.......................................... (01) 

.......................................... (01) 

.......................................... (01) 

........................................... (01) 

.......................................... (01) 

(�€)l6� qo0-cf �� e,�es.,o) 

.......................................... (01)· 



(b) 

(i) £ = w 
q 

c'5 25) 25) J C- I ..................... : .................... (02) 

(e,€)251zsf e:$25)?.S) �'tw:i C�� @'t't) @251:iCi.@�) 

(ii) 2S):ic5c.,c.,, W = E q .......................................... (01) 

P = El 

R 

.......................................... (01) 

.......................................... (01) · 

E = l(R + r) OR I=� ......................... ........ (01) 
R+r 

:. t i:SJ:>C'-525)� o5a6ed e,zs:ie.:;�d.SJ� 8 �egc:5� a;iZ5):53c., = £ \(� \
1 

t = £
2 

t 
R+r. (R+r) 

E E = l(R + r) ⇒I= -
R+r 

( E )2 E'2 

- (R+r)t=-.t
R+T (R+r) 

................................. (01) 

............................... (01) 

................................. (01) 



(c)(i) 9W'.Ja) c:,®g C,fi�')J P = VI WJ5l5)G'c.,nn

6 0 = 12 X l eenJ l = 5 A ............ ..................... (01) 

................................. (02) 

(ii) gw::iID c::i®gu25) gl53e6:1wc:.:i (5'e.,t,& e.,��m c:,m25) e.,�:zmo-& cfl�525"! ti25)2fil m:>5'.o)
25)6ZS'j25).

vz 
p = - em:! V = IR 

R 

&toJ 60 = 2SR 

R = 2.4 Q 

E = V +Ir= 12 + (10 x 0.03)

= 12.3 V 

h/2 

h/2 

fb = 2.40.. 

h 

I;,,1 
-------1 M i------1 

I 

----v----

'------i+ [___,._ "" 
"=0.03D 

V = E - Ir ➔ (2) 

(3) => V = 4 x 2.4 = 9.frV 

(2) => I = iz.3-9.6 = 90 A
, 0.03 

(1) => (w = 90 - 8 = 82 A

E= 2.3 V 

.................................... (01) 

........................ , ........... (01) 

.................................... (01) 

.................................. (01) 

.......................................... (01) 

.......................................... (01) 

............................... -........... (01) 



(ii) V = f Mrm 0'Wi 

\/. z .. re( ,- c\ I
,,,... 

9.6 
r., =-m 

82 

= 0.117 .Q = 0.12 .Q ......................................... (01) 

(e) (i) v· = 11.0 V, I� = 34.2 A

(f) 

= 62.7% 

y == -mx + C 

Ij fm=0.12 n 

Eback = 11 - 34.2 X 0.12 

Eback = 6.90 V 

Esack 

.......................................... , ............... (01) 

(9e.50:16G-cl m1e::J� wm zBD18� q2S1ll! a®-&251 5Jo)el 9®:i-&D?i:l G-e)) 

eti 0 

10.8 = (0.24 + 0.12) I 

� r'o\ �L ·'ffm � 

i �IY)Qf �� ,�"1 .

................................. (01) 

{zBD16� qJ@c{m� ��w::,) 

r=0.24 D. I= 3.0 A ero:J 26A .................................... (01) 
E=10.8V 

!f h) 'Ir O, \l't 3---- � /30 . 2-$ A
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rm=0.12O 

E= 10.8 V 

10.8 - Ui + !M)0.24 = /M0.12 

10.8 - Ur+ /M)0.24 = 1 {1.2 

E = 12.3V 
0.015 Q 

E = 10.8 V 

r = 0.02 Q 

r = 0.24 Q 

�--- M ____ ____. 

0.015 Q 
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(ZS)�� fl @108©d Qm <H9� @0836 @108®d w� ct@� c,®ro �©@ZD"w zm@ 8l:SJ�.) 

10.8 = 0.12(/i + 12) + 0.2411 
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PV 
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PV = nRT 
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(iii) L1Q = ilU + ilW

⇒ �T = tw 
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.,; p 2 ( Po)
aP = - X - 1 - - TR 

TR S P 

L1P 

(c) (i) 1 psi = 7 kPa

P0 = (20 x 7 + 100) . _240 �Pel; 

P = (30 x 7 + 100) = 310 kPa 

� T = : (1 - 240
) X 300 

5 310 

6.T = 2 7 K ew:f 2 7 °c

(ii) �p = : (310 - 240)
5

= 28 kPa G'Wd' 4 psi 

Pmax 
= (310 + 28) @wd' (30 + 4) 

= 338 kPa ©W:f = 34 psi 
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(b) (i)

(ii) 

{iv) 

. (v) 

a=54, b=O, e.sm c=-1. (01X3) ..................... (03) 

. . . . . .. .. · . . . . . . . .. .. . . ...... . (02) 

..l = o.693 G'Wj it = o.7 ....... _ ••. _ ..•.•••.•••••.. (02)
T T 

. 0.693 

= 100 x e--s-x4
= 100 x e-

0·35

== 70 mCi 

= 70 X 37 X 106 Bq 

= 2.59 X 109 Bq 

eDzs,e.'.fB® = (100-7o)mCi X lOOo/o
100 mCi 

= 30%
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1 0.693 .L:J 
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Tb 

0.693 

= 100 X e--6-x4 
= 100 X e-0-46

= 63 mCi 

G-D�d'e5® 
= (100-63) X 100%

100 

= 37%
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