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jHqy.; rpkd i|yd wdo¾Y ms<s;=re: 
 
 
01. (a) ógr Nd.fha fldaÿ folla yd mqkS,hla 

(b)   
 

 

 

 

 

 

 

 

 

(c) fmd,af;,a iys; ndyqjg fmd,af;,a tl;= lrñka fmd,af;,a lfoa Wi;a th yd 
ix;=,kh jk c, lfoa Wi;a uek .ekSu' 

(d) jdhqf.da, mSvkh 𝐻0 úg" iu uÜgfï mSvk i<ld" 𝐻0 + ℎ𝑊𝜌𝑊𝑔 = 𝐻0 + ℎ𝐶𝜌𝐶𝑔  
 uÕska" ℎ𝑊𝜌𝑊 = ℎ𝐶𝜌𝐶 fõ' ℎ𝐶 iajdh;a; úp,H yd ℎ𝑊 mrdh;a; úo,H f,i ie,lSfï 

oS"  ℎ𝑊 = (
𝜌𝐶

𝜌𝑊
) ℎ𝐶 jk w;r th 𝑦 = 𝑚𝑥 wdldr fõ'   

(e) (1)  A = (7.0 cm , 6.0 cm ) B = (29.5 cm, 25.0 cm ) 
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(2)  wKql%uKh = 
25.0−6.0

29.5−7.0
=

19.0

22.5
= 0.867 

(3)  fmd,af;,aj, idfmaË >k;ajh = 0.867 

 tneúka fmd,af;,aj, >k;ajh = 0.87 × 1000 = 867 kg m-3' 

 

 

 

 

 

   

 
 

 

 

 

 

 

 

 

 

(f) U - k<hl ndyqj, úIalïNh 1 cm muK fõ' 
(g) k<fha úYalïNh l=vd neúka øj lokaj, ksoyia mDIaG udjl we;s lrhs' øj lokaj, 

Wi uekSfï oS fodaI we;s úh yels h' 
(h)  tlÕ fkdfõ' 5 cm Wi fmd,af;,a lola ix;=,kh lrkq ,nk c, lfoa os. l=vd fõ' 

óg¾ rE,la uÕska uekSfï oS" 5 cm fyda Bg l=vd os.j,a uekSfï oS we;s lrkq ,nk 
m%;sY; fodaY 1% g jvd úYd, neúka 5 cm Wi fmd,af;,a lola f;dard .ekSu WÑ; 
fkdfõ'  

(i) 30 cm3 

(j) (1)  𝐻𝐶 =
10+15+20+25+30

5
= 20 cm 

(2)  
∆𝜌

𝜌
= 2 ×

0.1

20
= 0.01 uÕska" fmd,af;,aj, >k;ajfha fodaIh" 

 ∆𝜌 = 0.01 × 867 = 8.67 kg m-3 fõ' 
(3) fmd,af;,aj, >k;ajh  𝜌 ± ∆𝜌 f,i oelaúh yels h' 
 fï wkqj" >k;ajfha WmrSu w.h 𝜌𝑚𝑎𝑥 = 867 + 8.67 = 875.7 kg m-3 fõ' 
 >k;ajfha wju w.h 𝜌𝑚𝑖𝑛 = 867 − 8.67 = 858.3 kg m-3 fõ' 
 tneúka fmd,af;,aj, >k;ajh ioyd ;sìh yels w.h mrdih 858.3 kg m-3 isg 

875.7 kg m-3 fõ' 
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02. (a) (i) A n÷k  
(ii) n÷k (B) : fhdod .kakd øj mrsudj l=vd ksid wjidk WmrSu WIaK;ajh md,kh 

lsrSug fkdyels ùu 
n÷k (C) :  ùÿre n÷kla neúka n÷fka iEu ;ek u tlu WIaK;ajhla fkd;sîu 

fyda uek.kakd øjfha WIaK;ajh n÷fka WIaK;ajhg jvd fjkia 
ùu' 

(b) isõovq / f;ovq / bf,lafg%dksl ;=,dj" WIaK;ajudkh yd uka;h 
(c) (i) ksl,aika ;dmlh Ndú;fhka yqud,fhka r;a lsrSu fyda lelEreï k,hla 

Ndú;h 
(ii) (1) f,day fnda, iuÕ tajdfha ;ejrS we;s øj c,h o tl;= ùu  

(2) tl;= l< f,day fnda,j, ialkaOh uek.;a ialkaOhg iudk fkdùu fyda 
f,day fnda, øjhg tl;= jk úg tajdfha WIaK;ajh 100 ℃ g jvd wvq ùu'  

(d) (1)  f,day fnda, blaukska øjhg oeóu 
(2)  le,rsógrfha we;s c,h msg;g úis fkdjk fia 

f,day fnda, øjhg tl;= lsrSu' 
(e) øjh fydoska uka; lsrSu 
(f) (i)  40 ℃ 

(ii)   ld,h iuÕ f,day fnda,j, WIaK;ajh wvq 
jk ksid f,day fnda, øjhg ,nd fok ;dmh 
ld,h iuÕ wvq ùu' 

(g) [𝐶n÷k + 𝑚øj𝑐øj](𝜃2 − 𝜃1) = 𝑚f, day𝑐f, day(100 − 𝜃2) 
ys wdfoaYfhka" 

[400 + 500 × 10−3 × 𝑐øj](40 − 30) = 200 × 400 × (100 − 40)  

uÕska" 𝑐øj = 160 J kg-1 K-1 f,i ,efí' 
(h) (i)  i;H w.hg jvd jeä fõ'  

fya;=j : moaO;sh ,nd .kakd WmrSu WIaK;ajh jvd wvq ùu fyda f,day fnda,j, 
WIaK;ajh" uek.;a WIaK;ajh jk 100 ℃ w.hg jvd wvq ùu' 

(ii) wju fõ' 
 túg moaO;sh ,nd .kakd WmÍu WIaK;ajh 35 ℃ muK jk ksid 25 ℃ isg 30 

℃ olajd jeä jk úg mrsirfhka wjfYdaIKh lrk ;dmh 30 ℃ isg 35 ℃ olajd 
jeä jk úg mrsirhg msgjk ;dmhg iudk jk neúka mrsirh iuÕ isÿ jk 
;dm ydksh wju fõ' 

 

02. (a) 𝑓 =
1

2𝐿
√

𝑇

𝑚0
  

(b) (i) 𝑓 =
1

2𝐿
√

𝑇

𝑚0
  uÕska" 4𝑓2𝐿2 =

𝑇

𝑚0
 uÕska" 𝑓2 = (

1

4𝐿2𝑚0
) 𝑇 fõ' th 𝑦 = 𝑚𝑥 wdldr 

fõ' 
(ii)  tlÕ fõ'  
 iajdh;a; úp,H f,i wd;;sh i,lkafka kï tla tla wd;;sfha oS ksYaÑ; os.l 

lïmk ixLHd;h iriq,a lÜg,hla uÕska ,nd .; fkdyels fõ'  
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𝑓2 

𝑇 

1

𝑙
 

𝑓 

𝐴 𝐴0 
𝑟 

≡ 

D 

5 Ω 

𝑘 

4 Ω 

15 Ω 
𝑚𝐴 

(c) (i)  𝑙 wvq os.lska wdrïN lr ta w;r lvodis wdfrdaylhla r|jd ixLHd;h okakd 
iriq, lïmkh lr èjksudk fmÜáh u; ;nd fia;= w;r mr;rh l%ufhka 
jeä lrf.k hk úg lvodis wdfrdaylh úisjk fudfydf;ys 𝑙 os. ,nd .kS'  

(ii)  B lïìfha 𝐿 os. lïmkh lrjd A ys 
lvodis wdfrdaylhka rojd fia;= w;r 
mr;rh l=vd w.hl isg l%ufhka jeä 
lrf.k hk úg lvodis wdfrdaylh 
úis jk fudfyd; fyj;a wkqkdo 
wjia:dj ,nd .kak' tu wjia:dfõ oS" 
A lïìfha os. uekf.k tys mriamrh 
fidhd by; m%ia;drh weiqfrka 
wkqrEm lïmk ixLHd;h ,nd .kS'  

(d)  
 

 

(e)  (i)  m%ia;drfha wKql%uKh" 

  𝑚 =
1

4𝐿2𝑚0
 uÕska" 𝑚0 =

1

4𝐿2𝑚
 

fõ' 
 

(ii)  wvq u ixLHd;h iys; iriq, 

 𝑓 ∝
1

𝑙
 ksid wvq u ixLHd;hg wod,j WmrSu os. ,efí' fuu ixLHd;hg uq,sl 

wkqkdo os. ,efnk mrsos A lïìfha wd;;sh ilid .; hq;= h' túg thg jvd 
wvq os.j,a i|yd uQ,sl wkqkdo os.j,a ,nd .; yels h'   

(f) 𝑓𝐴 = 480 Hz  𝑓 ∝
1

𝑙
 uÕska" 𝑓 = 𝑘

1

𝑙
 fyda 𝑓𝑙 = 𝑘 fõ' os. jeä l< úg ixLHd;h 

wvq úh hq;= h' tneúka os. jeä l< úg kj ixLHd;h 𝑓𝐴
′ = 480 − 6 = 474 Hz fõ' 

túg" 480 × 23.7 = 474 × 𝑙 jk w;r" 𝑙 =
480

474
× 23.7 = 24 cm fõ' 

 

 

04. (a)   
 
  
 

 

 

 

(b)  (i)  ùÜika fia;= uQ,O¾uh j,x.= fõ' 
túg" ñ,sweógrfha m%;sfrdaOh 𝑟 

kï" 
5

15
=

4

𝑟
 fõ' tuÕska" 𝑟 = 12 Ω 

f,i ,efí' 
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E 

𝑉 = 1.98 V 

𝑉 𝐴 

𝐴 = 0.40 mA 

(a) 

𝑉 = 2.00 V 

𝐴 = 1.21 mA 

(b) 

𝑉 = 1.94 V 

𝐴 = 1.20 mA 

(c) 

E 

𝑉 

𝐴 
𝑅 

E 

𝑉 

𝐴 
𝑅 

E 

𝑉 

𝐴 
𝑅 

E 

𝑉 

𝐴 
𝑅 

𝑅0 𝑅0 

𝑘 𝑘 

(a) (b) 

(ii) ñ,s weógrh ;=<ska WmrSu Odrdj = 100 mA jk neúka" 
 𝑃 = 𝑖2𝑅 ys wdfoaYfhka" ìys úh yels WmrSu cQ,a ;dmk iS.%;djh" 
 𝑃𝑚𝑎𝑥 = 1002 × 10−6 × 12 = 0.12 W  

 
 

 

(c)  (1)   
 

 

 

 

 

 

  

(2)  l=vd m%;sfrdaOhka ioyd : (a) mrsm:h 
  úYd, m%;sfrdaOhka ioyd : (b) mrsm:h 
(3)  A ys wdrËdjg fyda fldaIh ;=<ska úYd, Odrdjka .,d hdu je,elaùug 
 

(4)  𝑅0 ys w.h fjkia lrñka hï Odrdjlg wod, úNj wka;rh uek .kak' ,nd.;a 
mdGdxl weiqrska woskq ,nk 𝐼 bosrsfha 𝑉 m%ia;drfha wKql%uKh uÕska 𝑅 .Kkh 
lrkq ,efí'  

(d) (i) 𝑟 = 0 jk neúka" (b) mrsm:hg 
wkqj" 𝐸 = 2.00 V fõ' 

 

 

(ii) (a) mrsm:hg wkqj" V ;=<ska  
  0.40 mA .,d hk úg" th 

yryd úNj wka;rh" 1.98 V fõ' 
𝑉 = 𝐼𝑅 uÕska" fjda,aÜógrfha 
m%;sfrdaOh" 

  𝑅𝑉 =
1.98

0.40×10−3 = 4950 Ω fõ' 

   
 
(iii) (c) mrsm:hg wkqj" A ;=<ska  
  1.20 mA .,d hk úg" th 

yryd úNj wka;rh" 
  2.00 - 1.94 = 0.06V fõ' 𝑉 = 𝐼𝑅 

uÕska ñ,sweógrfha m%;sfrdaOh" 
  𝑅𝐴 =

0.06

1.2×10−3 = 50 Ω fõ' 

 
  

(iv) by; (b) mrsm:fhka ,nd fok 
𝑅 = 1653 Ω w.h jvd fhda.H fõ'   
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20 m 

𝐹′ 𝐹 

G 

𝑚𝑔 
10 m 10 m 

rpkd .eg¿ i|yd wdo¾Y ms<s;=re: 
 

05. (a)  fy,sfldmagrhla uÕska jdhqf.da,Sh jd;h b;d by< m%fõ.hlska my<g ;,a,q lrñka 
.uH;d fjkila we;s lr jdhqj u; my<g n,hla we;s lrhs' thg úYd,;ajfhka 
iudk n,hla fy,sfldmagrh u; by<g we;s ùu ksid fy,sfldmagrh by<g ;ajrKh 
fõ' 

  frdlÜgqjla uÕska oyk jdhqj b;d by< m%fõ.hlska my<g ;,a,q lsrSu uÕska 
frdlÜgqj  .uH;d u; by<g n,hla we;s lr .kañka by<g ;ajrKh fõ' tneúka 
frdlÜgqjlg jdhqf.da,hla fkdue;s jqj o by<g ;ajrKh úh yels kuq;a 
fy,sfldmagrhlg tfia l< fkdyels fõ' 

 (b) (i) frdlÜgqjg  𝐹 = 𝑚𝑎 fhoSfuka" 

 𝐹 − 𝑚𝑔 = 𝑚𝑎 fõ' túg" 
 𝐹 − 2.4 × 106 × 10 = 2.4 × 106 × 5  
 uÕska" 𝐹 = 2.4 × 106 × 15 = 3.6 × 107 N fõ' 
(ii) 𝐹 = 𝑚0 × 𝑉 jk neúka" 
 3.6 × 107 = 3 × 104 × 2 × 𝑉 uÕska"  

 𝑉 =
3.6×107

3×104×2
= 600 m s-1 

(iii)  frdlÜgqfõ p,s;h i,ld"  𝑣2 = 𝑢2 + 2𝑎𝑠 
fhdouq' 

 túg" 𝑣2 = 0 + 2 × 5 × 1600 × 103 uÕska" 

𝑣 = √16 × 106 = 4000 m s-1 f,i ,efí' 
(iv) tlÕ fõ'  
 bkaok oykh lrñka oyk jdhqj bj;a jk ksid ld,h 

iuÕ frdlÜgqfõ uq¿ ialkaOh wvq ùu isÿ fõ' tneúka 
frdlÜgqj u; by<g fhfok iïm%hqla; n,h jeä ùu 
ksid frdlÜgqfõ ;ajrKh jeä úh hq;= h' 

(v) N%uK p,s;h i,ld 𝜃 = 𝜔0𝑡 +
1

2
𝛼𝑡2 ys wdfoaYfhka" 

 36 ×
𝜋

180
= 0 +

1

2
𝛼 × 22  uÕska" 𝛼 = 0.3 rad s-1 f,i ,efí' 

(vi) tla keiskakla uÕska oyk jdhqj msglsrSu uÕska iEosh 

hq;= n,h 𝐹 =
3.6×107

2
= 1.8 × 107 N fõ' 

 wdrïNl N%uKh ksid frdlÜgqj u; we;s jk 
jHdj¾;h 𝛤 = 2.4 × 109 × 0.3 = 7.2 × 108 N m 

 uq,a osYdk;sh h<s ,nd .ekSug N%uK osYdj me;af;a jQ 
keiskak uÕska ilid .; hq;= n,h 𝐹′ kï" .=re;aj 
flakaøh jgd jHdj¾;hka i,ld" 

 𝐹′ × 10 − 1.8 × 107 × 10 = 7.2 × 108  uÕska" 
 𝐹′ = 9 × 107 N fõ' 
 fï i|yd keiskak uÕska jdhqj msg l< hq;= fõ.h 

𝑣′ kï" 𝐹′ = 𝑚′ × 𝑣′ uÕska" 

 𝑣′ =
𝐹′

𝑚′
=

9×107

3×104 = 3 × 103 m s-1 fõ' 
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rEmh 2 

𝑟 

𝑖 

𝑖′ 

𝜃 

A B 

C 

D 

rEmh 3 
𝜃 

A B 

C 

D 

P 

O 

06. (a)  oshuka;sj, isg jd;hg j¾;kh jk 
lsrKhla i,ld iafk,af.a kshufhka" 

  2.5 × sin 𝑐 = 1 × sin 90° uÕska" 

  sin 𝑐 =
1

2.5
= 0.4 fõ' fï wkqj" 

  𝑐 = sin−1(0.4) = 23° 34′ fõ' 
(b)  cHdó;sl ,ËK ie,lSfï oS"  
 90 − 𝑖′ + 𝜃 + 90 − 𝑟 = 180 uÕska"  
 𝑖′ = 𝜃 − 𝑟 fõ' 
(c)  (i) AB mDIaGfha oS j¾;kh i,ld" 

iafk,af.a kshufhka" 
  1 × sin 80° = 2.5 sin 𝑟 

  uÕska" sin 𝑟 =
0.9848

2.5
= 0.3939 jk 

w;r" tuÕska"  
  𝑟 = sin−1(0.3939) = 23° 11′ fõ' 

(ii)  CD mDIaGh uÕska lsrKh hdka;ñka mQ¾K wNHka;r mrdj¾;khg ,la ùug 
kï" 𝑖′ = 23° 34′ úh hq;= h' 

 𝑖′ = 𝜃 − 𝑟 uÕska" 𝜃𝑚𝑖𝑛 = 𝑖′ + 𝑟 = 23° 34′ + 23° 11′ = 46° 45′  fõ' 
(iii)  𝑖 = 80° úg" hdka;ñka mQ¾K wNHka;r mrdj¾;kh we;s lrhs' 𝑖 < 80° úg" 
 𝑟 < 23° 11′ jk w;r túg" 𝑖′ > 23° 34′ jk neúka" mQ¾K wNHka;r 

mrdj¾;kh we;s lrhs'   
(iv) 𝜃 < 𝜃𝑚𝑖𝑛 úg " 𝑖′ < 23° 34′ jk neúka" mQ¾K wNHka;r mrdj¾;kh we;s 

fkdfõ' ta fjkqjg lsrK fndfydauhla CD mDIaGfhka msg;g j¾;kh fõ'    
 

(d)  (i)  ùÿre-jd;h w;=re uqyqK; i|yd wjê wjia:dj i,ld" 

  1.5 × sin 𝑐 = 1 × sin 90° uÕska"  sin 𝑐 =
1

1.5
= 0.6667 fõ' 

fï wkqj" 𝑐 = sin−1(0.6667) = 41° 48′ fõ' 
𝑖′ = 𝜃 − 𝑟 uÕska" 𝑟 = 46° 45′ − 41° 48′ = 4° 57′  fõ' AB mDIaGfha j¾;kh 
i,ld" 1 × sin 𝑖 = 1.5 × sin 4° 57′ uÕska"  sin 𝑖 = 1.5 × 0.0863 = 0.1295 fõ' 
fï wkqj" 𝑖𝑚𝑎𝑥 = sin−1(0.1295) = 7° 26′ fõ' 

(ii)  ùÿre jHqyfha CD mDIaGfhka lsrK mQ¾K wNHka;r mrdj¾;kh ùu i|yd 
wkqrEm 𝑖 g ;sìh hq;= w.h mrdih 0° isg 7° 26′ olajd b;d mgq fõ' tneúka 
ùÿre ;=< osÿ,k oSma;shla we;s fkdfõ' kuq;a oshuka;s i|yd th 0° isg 80° 
olajd mq¿,a mrdihla ;=< m;kh jk lsrK mQ¾K wNHka;r mrdj¾;khg n÷ka 
jk neúka oshuka;sj, osÿ,k oSma;shla we;s fõ'  

(e) (i)   
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𝐻0 

𝑃 

𝑥 
A 

𝐻0 

𝐻0 

𝐻0 

𝑃1 
𝑃2 

𝑃3 

𝑛1 𝑛2 

𝑛3 

𝑟1 
𝑟2 

𝑅 

(ii)  (1)  oshuka;s-c,h w;=re uqyqK; i|yd wjê wjia:dj i,ld" 

  2.5 × sin 𝑐 =
4

3
× sin 90° uÕska"  sin 𝑐 = 0.5333 fõ' fï wkqj" 

  𝑐 = sin−1(0.5333) = 32° 13′ fõ' 
(2)  P lrd meñfkk lsrKh i|yd CD mDIaGfha oS m;k fldaKh" 
 𝑖 = 𝜃 = 35° fõ' fuys oS"  𝑖 > 32° 13′ jk neúka tu lsrKh P ys oS mQ¾K 

wNHka;r mrdj¾;khg ,la fõ' 
(3)  lsrKh P ,ËHfhka c,h ;=,g we;=¿ ùug kï P ys oS m;k fldaKh 

32° 13′ fyda thg jvd wvq úh hq;= h' fï i|yd oshuka;s jHqyh O jgd 
jdudj¾;j lrleúh hq;= h' 

(4)  lrleúh hq;= wju fldaKh 𝜃 = 35° − 32° 13′ = 2° 47′ fõ' 
 

 

07. (a) ;r, mDIaGhla u; we|s l,ams; f¾Ldjlg ,ïNl j tla osYdjlg tall os.la u; 
mj;sk iM, n,h mDIaGsl wd;;sh f,i w¾: oelafõ' 

(b) (i) inka nqnq,la ;=< wu;r mSvkh ∆𝑃 =
4𝑇

𝑟
 

(ii) wrh 𝑟1 jk inka nqnq, i,ld mSvk 
wka;r iólrKh Ndú;d l< úg" 

 𝑃1 − 𝐻0 =
4𝑇

𝑟1
 uÕska" 𝑃1 = 𝐻0 +

4𝑇

𝑟1
 

f,i ,efí' 

 fuf,i u" 𝑃2 = 𝐻0 +
4𝑇

𝑟2
 yd 

 𝑃3 = 𝐻0 +
4𝑇

𝑟3
 f,i ,efí' 

fuh ifudaIaK l%shdjla jk w;r" 
ialkaO ixia:s;sh i,ld" jdhq ujq, 
w;r my; iïnkaOh ,súh yels h' 

 𝑛3 = 𝑛1 + 𝑛2  

 mrsmQ¾K jdhq kshuh" 𝑃𝑉 = 𝑛𝑅𝑇 uÕska" 𝑛 =
𝑃𝑉

𝑅𝑇
 fõ' 

 túg" 
𝑃3𝑉3

𝑅𝑇
=

𝑃1𝑉1

𝑅𝑇
+

𝑃2𝑉2

𝑅𝑇
 jk w;r tuÕska" 𝑃3𝑉3 = 𝑃1𝑉1 + 𝑃2𝑉2 f,i ,efí' 

 túg" (𝐻0 +
4𝑇

𝑅
) ×

4

3
𝜋𝑅3 = (𝐻0 +

4𝑇

𝑟1
) ×

4

3
𝜋𝑟1

3 + (𝐻0 +
4𝑇

𝑟2
) ×

4

3
𝜋𝑟2

3 jk w;r"  

 𝐻0[𝑅3 − 𝑟1
3 − 𝑟2

3] = 4𝑇[𝑟1
2 + 𝑟2

2 − 𝑅2] uÕska" 𝑇 =
𝐻0(𝑅3−𝑟1

3−𝑟2
3)

4(𝑟1
2+𝑟2

2−𝑅2)
 fõ' 

 
(C). (i)  O isg A olajd uksk ÿr 𝑥 wkqj 

mSvkh fjkia ùu rEmfha mrsos fõ'  
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B 

C 

𝐻0 

𝐻0 

𝑃1 

𝑃2 

𝑃3 

(ii)  ùÿre k,fha wrh 𝑟 úg" fhdod we;s inka øj lf|a 
by< udjlh fomi mSvk wka;rh i,ld"  

 𝐻0 − 𝑃1 =
2𝑇

𝑟
 → (a) f,i ,súh yels h' 

 inka ødjkfha >k;ajh 𝜌 úg" 

𝑃2 = 𝑃1 + ℎ𝜌𝑔  → (b)  fõ' 
inka øj lf|a my< udjlh fomi mSvk wka;rh 

i,ld" 𝑃3 − 𝑃2 =
2𝑇

𝑟
  → (c)  

inka nqnqf,a wrh 𝑅 kï tys fomi mSvk wka;rh 

i,ld" 𝑃3 − 𝐻0 =
4𝑇

𝑅
 → (d)  

(c) yd (d) uÕska" 𝑃2 = 𝐻0 +
4𝑇

𝑅
−

2𝑇

𝑟
 f,i ,efnk w;r" (b) ys wdfoaYfhka"  

𝐻0 +
4𝑇

𝑅
−

2𝑇

𝑟
= 𝐻0 −

2𝑇

𝑟
+ ℎ𝜌𝑔 jk w;r" tuÕska" 

4𝑇

𝑅
= ℎ𝜌𝑔 f,i ,efí' túg" 

𝑇 =
ℎ𝜌𝑔𝑅

4
 f,i ,efí' wod, w.hka wdfoaYfhka" inka ødjKfha mDIaGsl wd;;sh" 

𝑇 =
4×10−3×1050×10×2.5×10−3

4
= 2.63 × 10−2 N m-1 f,i ,efí' 

(d) (i)  inka nqnq, wvx.= fldgfia wNHka;r mSvkh 𝑃 kï" uefkdaógr øjh i,ld" 

𝑃 = 𝐻0 + ℎ𝜌𝑔 → (1) 

 inka nqnqf,a fomi mSvk wka;rh i,ld" 𝑃 − 𝐻0 =
4𝑇

𝑟
 → (2) 

 (1) yd (2) uÕska" ℎ𝜌𝑔 =
4𝑇

𝑟
 f,i ,efí' tuÕska" 𝑟ℎ =

4𝑇

𝜌𝑔
 → ksh;hla fõ' 

(ii)  ksh;fha w.h 1.23 × 10−5 úg" 
4𝑇

𝜌𝑔
= 1.23 × 10−5 jk w;r" U k,fha we;s 

øjfha >k;ajh" 𝜌 =
4×2.63×10−2

1.23×10−5×10
= 855.3 kg m-3 fõ' 

(iii)  (1)  jd;h we;=¿ lsrSfï oS flaIsl k,fha my< fl<jf¾ jdhq nqn,la we;s jk 
w;r th ;=< mSvkh WmrEu ù th leã hhs' túg mSvkh WmrSu ù h<s 
wvq ùu isÿ fõ' 

(2)  nqnq, leã hk wjia:dfõ oS mSvk wka;r iólrKh i,ld ∆𝑃 =
2𝑇

𝑟
 

iólrKh fhdouq' túg" 𝑃1 − 𝑃2 =
2𝑇

𝑟
 fõ' 

 fuys oS" 𝑃1 = 𝐻0 + ℎ𝜌𝑔 yd 𝑃2 = 𝐻0 + 𝑑𝜎𝑔 jk neúka" (ℎ𝜌 − 𝑑𝜎)𝑔 =
2𝑇

𝑟
 

uÕska" 𝑇 =
𝑟𝑔

2
(ℎ𝜌 − 𝑑𝜎) fõ' wod, w.hka wdfoaYfhka" 

 𝑇 =
0.7×10−3×10

2
[9.1 × 10−2 × 855.3 − 2 × 1000 × 10−2] jk w;r" 

 𝑇 = 0.202 N m-1 f,i ,efí' 

(3)  flaIsl Woa.ukh i,ld" 
2Tcos 𝜃

𝑟
= ℎ′𝜌𝑔 uÕska" cos 𝜃 =

𝑟ℎ′𝜌𝑔

2𝑇
 f,i ,efí' wod, 

w.hka wdfoaYfhka" cos 𝜃 =
0.7×10−3×3.5×10−2×104

2×0.202
= 0.606 f,i ,efí' fï 

wkqj" 𝜃 = cos−1(0.606) = 52.6° fõ' 
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𝐸 

𝑢 

𝑚 +𝑞 

rEmh 1 

𝑡 

𝑣 

𝑢 

𝑣 

𝑢 

𝑡 

-𝑢 

l,dmh 1 

l,dmh 2 

l,dmh 3 

𝑦 = 0 

𝑦 = −𝐿 

𝑦 = −(𝐿 + 𝐻) 

𝐸 

A B 

𝑢 = 0 𝑢 = 0 

+2𝑞 +𝑞 

rEmh 2 

08. (a) 𝐹 = 𝑞𝐸  
(b) (i) (1)  Ok wdfrdams; wdfrdamKh u; 

isriaj my<g tys nr l%shd lrk 
w;r" úoHq;a n,h isriaj by<g 

l%shd lrhs'  𝐸 <
𝑚𝑔

𝑞
  úg" 

   𝑞𝐸 < 𝑚𝑔 fõ' fï wkqj" wdfrdams; 
jia;=j isriaj my<g ;ajrKh úh 
hq;= h' 

(2) 𝐸 >
𝑚𝑔

𝑞
 úg" 𝑞𝐸 > 𝑚𝑔 fõ' fï wkqj" wdfrdams; jia;=j isriaj my<g 

ukaokh úh hq;= h' th my< ;yvqfõ jeoSug fmr fudfyd;lg k;r fõ 
kï h<s by<g p,s; úh hq;= h' 𝑣 m%fõ.fhka u isÿr ;=<ska bj;g p,s; 
úh hq;= h' 

(ii)  
 
 
 
 
 
 
 
 
 
 
 
 

(c) (i) 𝑦 = 0 isg 𝑦 = −𝐿 olajd isriaj my<g A wxY=fõ p,s;h i,ld 𝑣2 = 𝑢2 + 2𝑎𝑠 

fhdouq' túg" 𝑣2 = 0 + 2𝑔𝐿 uÕska" 𝑣 = √2𝑔𝐿 fõ' 

;j o" isriaj my<g 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 

fhoSfuka" 𝐿 = 0 +
1

2
𝑔𝑡2 uÕska" 𝑡 = √

2𝐿

𝑔
 

fõ' 
.=re;ajh hgf;a p,s;hla neúka" 𝑦 = −𝐿 

ys oS B wxY=fõ m%fõ.h o 𝑣 = √2𝑔𝐿 fõ' 

;j o" fï i|yd B wxY=jg .;jk ld,h 

o  𝑡 = √
2𝐿

𝑔
 fõ' 

 
(ii)  +q wdrdamKhla iys; B wxY=j 2 jeks 

l,dmh ;=< oS wdmiq yerS hhs kï" +2q 

wdrdamKhla iys; A wxY=j 2 jeks l,dmh 
;=< oS wksjd¾hfhka u yerS hd hq;= fõ'  
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𝑣 

B 
A 

𝑡 

−𝑣 

𝑣 

 tneúka" wxY= fol u 2 jeks l<dmh ;=< oS wdmiq yerùug wjYH wju fËa;% 
;Sj%;djh Em hgf;a 𝑦 = -(L+H) ys oS B wxY=fõ m%fõ.h Y=kH úh hq;= h' 

 fËa;%h ;=< oS B wxY=jg isriaj my<g 𝐹 = 𝑚𝑎 fhdouq' 𝑚𝑔 − 𝑞𝐸𝑚 = 𝑚𝑎 uÕska" 

B wxY=fõ ukaokh" 𝑎 = − (
𝑞𝐸𝑚

𝑚
− 𝑔) f,i ,efí' 

 oeka isriaj my<g B wxY=fõ p,s;h i,ld 𝑣2 = 𝑢2 + 2𝑎𝑠 fhdouq' túg" 

 0 = 𝑣2 − 2 (
𝑞𝐸𝑚

𝑚
− 𝑔) 𝐻 yd 𝑣2 =

2𝑞𝐸𝑚

𝑚
− 2𝑔𝐻 uÕska" 𝐸𝑚 =

(𝑣2+2𝑔𝐻)𝑚

2𝑞
 fõ' 

(d)  (i) úoHq;a fËa;%h ;=< A yd B wxY= fofla wdrïNl m%fõ. 𝑢𝐴 = 𝑢𝐵 = √2𝑔𝐿 fõ' 

𝐸(> 𝐸𝑚) úg" wxY= fol u fËa;%h ;=< oS ukaokh ù fudfyd;lg ksYap, ù h<s 
𝑦 = -L uÜgug ,Õd fõ' 
A wxY=fõ p,s;h i,ld isriaj my<g 𝐹 = 𝑚𝑎 fhdouq' 

𝑚𝑔 − 2𝑞𝐸 = 𝑚𝑎 uÕska" A wxY=fõ ukaokh" 𝑎 = − (
2𝑞𝐸−𝑚𝑔

𝑚
) f,i ,efí' 

oeka isriaj my<g wxY=fõ p,s;h i,ld 𝑠 = 𝑢𝑡 +
1

2
𝑎𝑡2 fhdouq' A wxY=jg h<s 

𝑦 = −𝐿 uÜgug meñkSug .;jk uq¿ ld,h 𝑡1 kï" túg" 

0 = 𝑣 × 𝑡1 −
1

2
(

2𝑞𝐸−𝑚𝑔

𝑚
) 𝑡1

2 uÕska" 𝑡1 =
2𝑚𝑣

(2𝑞𝐸−𝑚𝑔)
 f,i ,efí' 

fuf,i u" úoHq;a n,h" 2𝑞𝐸 → 𝑞𝐸 w.h fhdod .ekSfuka" B wxY=j úoHq;a 

fËa;%h ;=< .; lrk ld,h  𝑡2 =
2𝑚𝑣

(𝑞𝐸−𝑚𝑔)
 f,i ,nd .; yels h' 

(ii)  
𝐸𝑞

𝑚𝑔
= 2 úg" 𝑞𝐸 = 2𝑚𝑔 fõ' túg" 𝑡1 =

2𝑚𝑣

(4𝑚𝑔−𝑚𝑔)
=

2𝑣

3𝑔
 yd 𝑡2 =

2𝑚𝑣

(2𝑚𝑔−𝑚𝑔)
=

2𝑣

𝑔
 

fõ' túg" y = 0 uÜgug meñkSug .; jk ld,hkaf.a fjki" 

 ∆𝑡 = 𝑡2 − 𝑡1 =
2𝑣

𝑔
−

2𝑣

3𝑔
=

4𝑣

3𝑔
 f,i ,efí'  

(iii) fËa;%h ;=< B wxY=j p,s; jk uq¿ ld,h" 𝑡2 =
2𝑣

𝑔
 jk neúka" ukaokh ù 

fudfyd;lg ksYap, ùug .; jk ld,h" 𝑡 =
𝑡2

2
=

𝑣

𝑔
 fõ' B wxY=fõ p,s;h 

i,ld isriaj my<g 𝑠 = (
𝑢+𝑣

2
) 𝑡 fhdouq' túg" 

 𝐻𝐵 = (
𝑣+0

2
) ×

𝑣

𝑔
=

𝑣2

2𝑔
 fõ' 𝑣 = √2𝑔𝐿  uÕska" 𝐻𝐵 = 𝐿 fõ' 

(iv)  tlÕ fkdfõ' ir, wkqj¾;Sh p,s;hl oS wxY=fõ ;ajrKh foda,k p,s;fha 
flakaøfha isg we;s úia:dmkhg wkqf,dauj iudkqmd;sl fõ' kuq;a B wxY=fõ 
𝑦 = −𝐿 uÜgfï isg fomig úia:dmkh ;ajrKhg iudkqmd;sl fkdfõ' 

(v)  
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~ 
230 V 

50 Hz 

S1 L oÕrh 

iQ;%sldj iQ;%sldj 

wdrïNlh (iagdgrh) S2 

    1 W  

AC → 

DC 
mrsj¾;l

230 V 

(AC)  150 V (DC)  

50 - LED 

9 A (a)  
 
  
 
 
 
 
 
 
 
 

 

 

(i) 𝑉 = 𝐼𝑅 ys wdfoaYfhka" 230 = 𝐼(420 + 20 + 20) jk w;r" 𝐼 =
230

460
= 0.5 A 

fõ' 

(ii) 𝑉 = 𝐼𝑅 ys wdfoaYfhka" oÕrh yryd úNj wka;rh" 𝑉𝐿 =
1

3
× 420 = 140 V 

 túg" n,anh yryd úNj wka;rh 𝑉𝐵 = 230 − 140 = 90 V 

(iii) 90 V m%udKh wdrïNlh l%shd;aul lrùug m%udKj;a fkdjk neúka 

(iv) 𝑅𝐿 = 2𝜋𝑓𝐿 ys wdfoaYfhka" 420 = 2 × 3 × 50 × 𝐿 jk w;r" 𝐿 =
140

100
= 1.4 H 

(v) 𝑃 = 𝐼2𝑅 ys wdfoaYfhka" 𝑃 = (
1

3
)

2

× 420 = 70 W 

(vi) iQ;s%ld n,anhl wdf,dal Ëu;djh tys úoHq;a Ëu;djfhka 8% muKla jk nj 
i,lkak'  

 ld¾hËu;dj 40 % neúka" m%fhdackj;a Ëu;djh = 46 ×
40

100
= 18.4 W fõ' 

 iQ;s%ld n,anhl wdf,dal Ëu;djh = 46 ×
8

100
= 3.68 W fõ' 

 tneúka" m%;soSmk mykla" iudk Ëu;dj we;s iQ;%sld n,anhla fuka oDYH 

wdf,dalh ksl=;a lrkq ,nk m%udKh = 
18.4

3.68
= 5 .=Khls' 

 
(b)  

    
 

 

 

 

 

 

(i)  tla LED hl Ëu;djh = 3 × 20 × 10−3 = 60 mW 

 LED n,anfha úoHq;a Ëu;djh = 60 × 10−3 × 50 = 3 W 

 LED n,anfha wdf,dal Ëu;djh = 3 ×
90

100
= 2.7 W 

 tneúka" LED n,anfha ld¾hËu;djh =
2.7

(3+1)
× 100 = 67.5%  
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rEmh 1 

D 

S 

G 

RD = 2 k 

VDD = +16 V 

ID 

1 M 

2 V 
+ 

- 

G 

D 

S 

G - oajdrh 

S - m%Njh 

D - fidfrdõj 

rEmh 2 

D 

S 

G 

𝑉𝐷𝐷 = +30 V 

𝑅2 = 2 M 

𝑅1 =  1 

M 

𝑅3 =  5.0 k 

𝑅4 =  6.2 k 

𝑉𝑜𝑢𝑡 

(ii) iQ;%sld n,anhl ld¾hËu;dj = =
3.68

46
= 8% 

 LED n,anfha ld¾hÌu;dj" iQ;%sld n,anhl ld¾hÌu;dj fuka" 
67.5

8
= 8.4 

.=Khla fõ' 
(c) LED n,an jvd;a iqÿiq fõ' ;dmh f,i uqod yrskq ,nk Yla;sh wju jk neúka' 

 

 

9 B  (a)  (i)  
 
 
 
 
 
 
 
 

(ii) p-n ikaê tlla muKla we;' 
(iii) bf,lafg%dak fya;=fjka muKs' 
(iv) 𝑉𝐺𝑆 ys w.h (-) f,i jeä lrf.k hdfï oS 

fidfrdõj Odrdj (𝐼𝐷) wvq fõ' hï wjia:djl oS 
𝐼𝐷 = 0 jk w;r tu wjia:dj we;s lrkq ,nk 
𝑉𝐺𝑆 = −𝑉𝑃 f,iska jQ w.h flfkyqï 
fjda,aàh;djh f,i y÷kajhs'  

(b) oajdr w.%h ;=,ska g%dkaisiagrh ;=,g Odrdjla 

fkd.,k neúka"  IG = 0 fõ' túg" VG = - 2 V 

fõ' ;j o" VGS = VG  - VS uÕska" 

 VGS = - 2 - 0 = -2 V f,i ,efí' 

 ID = 4.5 mA úg" VDD - VD = ID  RD ys 

wdfoaYfhka" 16 - VD = 4.5  10-3  2  103 

fõ' tuÕska VD = 7 V f,i ,efí' VS = 0 V 

neúka" VDS = 7 V fõ' 

(c) úNj fnok uQ,O¾uh" 𝑉𝐺 =
𝑅2

𝑅1+𝑅2
× 𝑉𝐷𝐷 

ys wdfoaYfhka" 

 𝑉𝐺 =
2000

(2000+3000)
× 30 = 12 V fõ' 

 𝑉𝐺𝑆 = 𝑉𝐺 − 𝑉𝑆 = −5.0 V jk neúka" 
 𝑉𝑆 = 12 + 5 = 17 V fõ' 
 𝑅𝑆 yryd Odrd .e,Su i,ld" 
 𝑉𝑆 − 0 = 𝐼𝑆 × 𝑅𝑆 uÕska" 

 𝐼𝑆 =
𝑉𝑆

𝑅𝑆
=

17

5×103 = 3.4 mA fõ' 

 ta wkqj" 𝐼𝐷 = 3.4 mA jk w;r" 𝑅𝐷 yryd 
Odrd .e,Su i,ld" 𝑉𝐷𝐷 − 𝑉𝐷 = 𝐼𝐷 × 𝑅𝐷 
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0 

20 

80 

WIaK;ajh (℃) 

B 

A 

40 

60 

100 

ld,h (ñks;a;=) 
𝑡0 

A 
𝑅𝐿 

𝑅 

𝑣𝑖𝑛 

rEmh 3 

uÕska" 𝑉𝐷 = 𝑉𝐷𝐷 − 𝐼𝐷 × 𝑅𝐷 jk w;r" wod, w.hka wdfoaYfhka"  

𝑉𝐷 = 30 − 3.4 × 10−3 × 6.2 × 103 = 8.92 V f,i ,efí' 
(d) (i) ldrld;aul j¾Olfha m%odk w.%j, úNj iudk úh 

hq;= neúka" 𝑉𝐴 = 𝑣𝑖𝑛 fõ' 𝑅𝐿 yryd Odrdj .e,Su i,ld" 

  𝑣𝑖𝑛 − 0 = 𝐼𝐿 × 𝑅  uÕska" 𝐼𝐿 =
𝑣𝑖𝑛

𝑅
 fõ' 

(ii) ldrld;aul j¾Olfha (+) m%odk w.%fha fjda,aàh;djh 

=
12

(12+27)
× 15 = 4.61 V fõ' 

 tneúka" ldrld;aul j¾Olfha (-) m%odk w.%fha fjda,aàh;djh o 4.61 V fõ' 
túg" JFET g%dkaisiagrfha 𝐼𝐷 my; f,i ,efí' 

 15 − 4.61 = 𝐼𝐷 × 470 × 103 uÕska"  
 Ndr m%;sfrdaOh yryd Odrdj" 𝐼𝐿 = 22.1 𝜇A fõ' 

 

10 A (a)  úYsIaG ;dm Odrs;dj : oS we;s øjHhl tall ialkaOhl WIaK;ajh 1 K m%udKhlska 
by< kexùu i|yd ,nd osh hq;= ;dm m%udKh fõ' tallh : J kg-1 K-1 

  ;dm Odrs;dj :  oS we;s jia;=jl WIaK;ajh 1 K m%udKhlska by< kexùu i|yd ,nd 
osh hq;= ;dm m%udKh fõ' tallh : J K-1 

(b) (i) 𝑄 = 𝐼𝐴 ×
80

100
 uÕska" 𝑄 = 0.8 × 𝐼𝐴 

(ii) ;;amr 30 l oS" ,nd fok ;dmh = 0.8 × 1400 × 0.4 × 30 = 13.44 kJ fõ' 

(iii) .;jk ld,h 𝑡 kï" 
13440

30
× 𝑡 = 1 × 4210 × 30 uÕska" 

 𝑡 =
1×4210×30 ×30

13440×60
  min = 4.69 min fõ' 

(iv)  (1)  A øjhg ,nd ÿka ;dmh  𝑃 × 𝑡 = 𝑀𝐴 × 𝑐 × (60 − 30) uÕska" 

𝑃𝑡 = 30𝑀𝐴𝑐 → (1) 

B øjhg ,nd ÿka ;dmh  𝑃 × 𝑡 = 𝑀𝐵 × 𝑐 × (60 − 50) uÕska" 

𝑃𝑡 = 10𝑀𝐵𝑐 → (2) 

(2) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(3)  by; m%ldYk" (1) = (2) uÕska" 30𝑀𝐴𝑐 = 10𝑀𝐵𝑐 jk w;r"  
𝑀𝐴

𝑀𝐵
=

1

3
 fõ' 
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(4)  øjhla fj; ;dmh ,nd oSu i,ld" 𝑃 × 𝑡 = 𝑚 × 𝑐 × ∆𝜃 uÕska" 

 
∆𝜃

𝑡
=

𝑃

𝑚𝑐
 fõ' fuys oS" 𝑃 yd 𝑐 ksh; neúka" 

∆𝜃

𝑡
∝

1

𝑚
 fõ' 

(vi)  (1)  𝑄 = 4 kW h = 4 × 1000 × 3600 J i,ld" 
𝑄 = 𝑚𝑐∆𝜃 ys wdfoaYfhka" 4 × 1000 × 3600 = 𝑀 × 4210 × 80 uÕska" 

𝑀 =
4×1000×3600

4210×80
= 42.76 kg fõ' 

(2)  mrsirhg jk ;dm ydksh fkdi,ld yersh yels nj 
 

10 B (a)  úlsrKYS,S uQ,øjH idïm,hl mj;sk wia:dhs kHIaá ixLHdj mj;sk .Kkska wvla 
ùug .;jk ld,h fõ' 

 

(b)  (i) 𝑈92
235  ys w¾O wdhq ld,h = j¾I 7.5 × 108, 𝑈92

238  ys w¾O wdhq ld,h = j¾I 
4.5 × 109 yd mD:súfha jhi = j¾I 4.5 × 109 

 mD:súfha jhi 𝑈92
235  ys w¾O wdhq ld,h fuka jk .=Kh = 

4.5×109

7.5×108
=

45

7.5
= 6 

 𝑁0 → 
𝑁0

2
 → 

𝑁0

22 f,i ie,lSfï oS w¾O wdhq ld, (𝑇1/2) 6 lg miq j b;srsj 

mj;sk 𝑈92
235   kHIaá .Kk = 

𝑁0

26 

 tneúka" 𝑈92
235  b;srsj mj;sk m%;sY;h = 

𝑁0

26×𝑁0
× 100 =

100

64
= 1.56%  

 𝑈92
238  b;srsj mj;sk m%;sY;h = 

𝑁0

2×𝑁0
× 100 = 50%  

(ii)  jvd ÿ¾,N jkafka 𝑈92
235   iuia:dkslh fõ' 

 tlÕ fõ' th nyq,j mej;sfha kï úlsrKYs,S wú ksmoùu i|yd nyq, f,i 
fhdod .kq we;s neúka' 

 

(c) X → Y + Z m%;sl%shdj ie,lSfï oS"  
(Y + Z) ys wka;¾.; Yla;sh = 60 × 8 + 20 × 5 = 580 MeV 

X ys wka;¾.; Yla;sh = 90 × 7 = 630 MeV 

(Y + Z) ys wka;¾.; Yla;sh < X ys wka;¾.; Yla;sh jk neúka" fuh Yla;s 
wjfYdaIl m%;sl%shdjls' 
X → 2Y m%;sl%shdj ie,lSfï oS"  
(2Y) ys wka;¾.; Yla;sh = 2 × 60 × 8 = 960 MeV 

X ys wka;¾.; Yla;sh = 90 × 7 = 630 MeV 

(2Y) ys wka;¾.; Yla;sh > X ys wka;¾.; Yla;sh jk neúka" fuh ;dm Yla;s 
úfudapl m%;sl%shdjls' 
tneúka kHIaál ;dm n,d.drhla ;=< oS Ndú;d l< yels kHIaál wka;¾ l%shdj" 
X → 2Y m%;sl%shdj fõ' 
 

(d) (i) kHqfg%dak WodiSk wxY= jk neúka kHIaáh lrd myiqfjka ,Õd úh yels neúka 
(ii) uqod yrsk Yla;sh = [8 × 141 + 8.75 × 92 − 7.6 × 235] = 147 MeV 

(iii) j¾Ihlg wjYH 𝑈92
235  ialkaOh 𝑀 kï" 

 
𝑀

3×107 ×
1

0.235
× 6 × 1023 × 147 × 106 × 1.6 × 10−19 ×

25

100
= 250 × 106  

 uÕska" 𝑀 = 499.1 kg fõ' 


