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jHqy.; rpkd i|yd wdo¾Y ms<s;=re: 
 

01.  (a)  𝑇 = 2𝜋√
𝑙

𝑔
   iólrKfha jï me;af;a udk = [𝑇] = T 

 ol=Kq me;af;a udk = √
[𝑙]

[𝑔]
= √

L

LT−2 = √T2 = T 

 jï me;af;a udk = ol=Kq me;af;a udk jk neúka iólrKh udk wkqj ksjeros fõ' 

 (b) (i)  f.da,h W;a;drK p,s;hlg wu;rj ;,h u; mejf;ñka N%uK p,s;hla o we;s 
lrk neúka by; m%ldYkh j,x.= fkdfõ' 

(ii) (1) uhsfl%da bial=remamq wdudkh 

 (2)    (I)  0.01 s 

 (II)  uOHkH foda,k ld,h = (
1.25+1.30+1.35

3
) = 1.30 s 

 (III)  ld, ñkqfï m%;sY; fodaIh =
∆𝑡

𝑡
× 100 

  
0.01

𝑛×1.30
× 100 < 0.1 uÕska" 𝑛 >

0.01×100

1.3×0.1
 jk w;r" 𝑛 > 7.69 f,i ,efí' 

ta wkqj wju jYfhka foda,k 8 lg ld,h ueksh hq;= fõ' 

 (c)  (i) 𝑇 = 2𝜋√
7(𝑅−𝑟)

5𝑔
 f.da,hl úYalïNh 𝑑 úg" 𝑟 =

𝑑

2
 fõ' túg" 𝑇2 = 4𝜋2 ×

7(𝑅−
𝑑

2
)

5𝑔
 jk 

   w;r" tuÕska" " 𝑇2 =
28𝜋2

5𝑔
(𝑅 −

𝑑

2
)  uÕska" 𝑇2 = − (

14𝜋2

5𝑔
) 𝑑 +

28𝜋2𝑅

5𝑔
 fõ'  

   fuh 𝑦 = −𝑚𝑥 + 𝑐 wdldr úp,khls' 
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(ii)  (1)  wkql%uKh" − (
14𝜋2

5𝑔
) = 2.8 s2 m-1 uÕska" 𝑔 =

14×3.142

5×2.8
= 9.86 m s-2 f,i ,efí' 

(2)  wka;# LKavh yd wkql%uKh w;r wkqmd;h" 
𝑐

𝑚
= 2𝑅 uÕska"  

 𝑅 =
1.75

2×2.8
= 0.313 m fõ' 

 

02. (a)  (i) óg¾ Nd. fldaÿj 

 (ii)   m%siauh iqÿ lvodisfha uOHfha ;nd tys odr ,l=Kq lr .ekSu' 

 (iii) (1) 𝑃2 w,afmfk;a;' 

(2)  meyeos,s ;shqKq mrdj¾;k m%;sìïnhla ,nd .ekSug jia;= w,afmfk;a; AB 
mDIaGh iam¾Y jk mrsos isgqúh hq;= h' 

 

 

 

 

 

 

 

 

 

 

  

 

(b)  (i)  BC ;=<ska n,ñka wei C isg B olajd /f.k hdfï oS AC mDIaGfha mrdj¾;kfhka 
fmfkk m%;sìïnh fmkS fkdfmkS hk wjia:dj ,nd .ekSfuka miqj yels ;rï 
wE;ska 𝑃3 yd 𝑃4 w,afmfk;s isgqùu' 

(ii) 𝑃3 yd 𝑃4 hd lrk f¾Ldj BC yuqjk ,ËHh D ,nd .kak' OM = MN jk f,i N 

,l=Kq fldg ND hd lrk f¾Ldj uÕska AC fþokh lrkq ,nk E ,ËHh ,nd 
.kak' th wjê mrdj¾;kh we;s lrkq ,nk ,ËHh fõ' OED fldaKfhka w¾Oh 
wjê fldaKh 𝑐 g iudk fõ' 

(iii) X ys oS j¾;khla o" Y ys oS mQ¾K wNHka;r mrdj¾;khla o we;s fõ'  

(iv) D yd F ,ËHj,ska ks¾.; jk lsrK msgqmig oslalsrSfïoS tajd yuqjk ,ËHfha 𝐼3 
msysghs' 

(v) wjê wjia:dj i,ld" 𝑛𝑔 × sin 𝑐 = 𝑛𝑎 × sin 90° uÕska" 𝑛𝑔 × sin 𝑐 = 1 jk w;r" 

𝑛𝑔 =
1

sin 𝑐
 fõ' 
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(c). (i)  øjfha j¾;kdxlh ùÿrej, j¾;kdxlhg jvd wvq ùu' 

(ii)  wkaùË lodj u; øj ìxÿ lSmhla oud mg,hla fia ilid m%siaufha AC j¾;l mDIaGh 
u; fyd|ska we,ùu'  

(iii) øjh Ndú;d l< úg wjê wjia:dj i,ld" 𝑛𝑔 × sin 𝑐′ = 𝑛𝑙 × sin 90° uÕska" 

 𝑛𝑙 = 𝑛𝑔 × sin 𝑐′ fõ' 

(iv)  øjfha j¾;kdxlh 𝑛𝑙 = 1.5 × 0.882 = 1.32 fõ' 

 

03. (a) ∆𝑄 = 𝑚𝑐∆𝜃 jk w;r" wod< jk wfkl=;a idOl 
 

 (1) jia;=fõ ialkaOh 

 (2)  WIaK;ajh jeä l< hq;= m%udKh fõ' 

 (b) (i)  rn¾ lene,af,a ialkaOh" isõ ovq ;=,dj fyda f;ovq ;=,dj Ndú;fhka 

 (ii)   rn¾ ÿ¾j, ;dm ikakdhl øjHhla ksid tys wNHka;rh ;=<g fifuka ;dmh .uka 
lrhs' tfia lsrSfuka wNHka;rfha WIaK;ajh mDIaGfha WIaK;ajhg ,Õd jk wjia:dj 
yÿkd .ekSug yels fõ'  

 (iii)  c, nÿfka WIaK;ajh yd ;'ñiagrfha WIaK;ajfha uOHkh .kS' 

  rn¾ lene,af,a mDIaGfha WIaK;ajh c, nÿfka WIaK;ajh jk w;r ;'ñiagrfha 
WIaK;ajh rn¾ lene,af,a uOHhfha WIaK;ajh jk neúka rn¾ lene,a, m;a jQ 
WIaK;ajh f,i uOHkh w.h .kS' 

 (c)  (i)  úoHq;a Ëu;djh" 𝑃 =
𝑄

𝑡
 uÕska ckkh flfrk uq¿ ;dm m%udKh" 

 𝑄 = 𝑃 × 𝑡 = 1.4 × 103 × 5 × 60 = 4.2 × 105 J fõ' 

 (ii) 𝑄 = (𝐶 + 𝑚𝑤𝑐𝑤)∆𝜃 uÕska" nÿk yd tys wvx.= c,h uÕska ,nd .;a ;dm m%udKh" 

 𝑄 = (900 + 1 × 4200)(95 − 27) = 3.47 × 105 J fõ' 

 (iii)  rn¾ lene,a, f.k we;s ;dm m%udKh = 4.20 × 105 − 3.47 × 105 = 7.3 × 104 J 

 (iv)  wfkl=;a jia;= uÕska fyda mrsirh uÕska ;dmh ,nd fkd.kakd nj'   

 (v)  rn¾ lene,af,a WIaK;ajfha jeä ùu = (
85+95

2
) − 27 = 63 ℃  

 ∆𝑄 = 𝑚𝑐∆𝜃 uÕska" rn¾j, úYsIaG ;dm Odrs;djh" 

 𝑐 =
∆𝑄

𝑚∆𝜃
=

7.3×104

100×10−3×63
= 1.16 × 104 J kg-1 K-1 fõ' 

 (iv)  rn¾ ÿ¾j, ;dm ikakdhl;djhla iys; øjHhla neúka wNHka;rhg ;dmh .,d hdu 
fyd|ska isÿ fkdfõ' wvq Ëu;djhla iys; ;dmlhla fhdod .ksñka fifuka r;a lsrSu  

 (d)  mrsirhg ;dmh ydks fkdjk mrsos moaO;sh fyd|ska mrsjrKh lsrSu' 

  .Kkh i|yd WIaK;ajudKfha yd ;dmlfha ;dm Odrs;dj we;=<;a lrñka w.hla ,nd 
.ekSu' 

  c, ialkaOh fjkia lrñka wjia:d lSmhloS mrsirhg ;dmh ydks jk iS>%;d iudk lr 
th bj;a ù hk mrsos úYsIaG ;dm Odrs;dj .Kkh lsrSu'  
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𝑆 

𝐸 𝑅 
𝑋 
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A 

V 
60 Ω 

+ 

+ 

− 

− 

(0, 0) 

𝑉 

𝐼 
𝐼 

𝑉 
𝑉𝑏 

fmr keUqrej 

miq keUqrej 

𝑃 

𝑆 

𝐸 𝑅 
𝑋 

𝑌 

A 

60 Ω 

V 

𝑅𝑆 

04. (a)  (i)  

 

 

 

 

 

 (ii)  

 (iii) X yd Y w;r WmrSu úNj wka;rh 𝑉 = 6 V fõ' 

 𝑉 = 𝐼𝑅 uÕska" WmrSu Odrdj" 𝐼 =
6

60
= 0.1 A 

fï wkqj" mQ¾K mrsudK W;al%uK Odrdj 𝐼 = 0.1 A fyda Odrdj 𝐼 = 100 mA 

 (iv) weógrhg WmrSu ixfõoS;djhla fuka u ksrjoH;djhla o ,efí' 

 (v) glk h;=rla jvd;a iqÿiq fõ' 

  𝑆 újD;j ;sìhoS 𝑃 iSreudre lr 𝑆 h;=r ;o lr weógr yd fjda,aÜógr mdGdxl ,nd 
.ekSfuka wk;=rej h;=r újD; lsrSu' 

 (vi) uQ, ,ËHh yryd hk ir, f¾Ldjla ,eìh hq;= h' 

(b) (i) ikaê osfhdavh fmr keUqre úg : ñ,s weïmshr (mA) mrdih 

ikaê osfhdavh miq keUqre úg : uhsfl%da weïmshr (μA) mrdih 

 

 (ii)  

 

 

 

 

 

 

 (c) (i)  
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𝐼 

𝑉(V) 
(0, 0) 5.0 V 

 (ii)  

 
 
 
 
 
 
 
 
rpkd .eg¿ i|yd wdo¾Y ms<s;=re: 
 

05. (a) (i)  ksYap, ;r,hl w¾O jYfhka fyda mQ¾K f,i .s,S mj;sk jia;=jla u; we;s jk 
Wvql=re f;rmqï n,fha úYd,;ajh jia;=j uÕska úia:dmkh fldg we;s ;r,fha nrg 
iudk fõ'  

(ii)  .s,S mdfjk wjia:dfõ oS" mqoa.,hdf.a nr = Wvql=re f;rmqu jk neúka" Tyqf.a iM, 

>k;ajh 𝜌 úg" 𝑉𝜌𝑔 =
97

100
𝑉 × 𝜌𝑊 × 𝑔 uÕska" 𝜌 =

97

100
× 1000 = 970 kg m-3 fõ' 

(b)  (i)  Tyqf.a iM, >k;ajh c,fha >k;ajhg jvd wvq neúka c,fha mdùu isÿ fõ' tneúka" 
by; wdldrfhka ÿkq ;rdoshla Ndú;fhka nr lsrd .; fkdyels fõ' 

(ii)  (1)  jd;fha oS fmkajk nr 𝑇0, c,fha oS fmkajk nr 𝑇 yd Wvql=re f;rmqu 𝑈 úg" 
𝑇 + 𝑈 = 𝑇0 uÕska" 𝑈 = 𝑇0 − 𝑇 = 700 − 35 = 665 N fõ'  

  𝑈 = 𝑉𝑇𝜌𝑊𝑔 uÕska" 𝑉𝑇 =
𝑈

𝜌𝑊𝑔
=

665

1000×10
= 6.65 × 10−2 m3 fõ' 

(2)  𝜌𝑇 =
𝑀

𝑉𝑇
=

70

6.65×10−2 = 1052.63 kg m-3 fõ'  

(iii)  Tyqf.a fmky¿j, jQ jd;h m%iajdih uÕska iïmQ¾Kfhka msg l< hq;= fõ' 
 (c) (i)  fïoh f,i mj;sk ialkaOh 𝑚𝑓 úg"  

   uq¿ ialkaOfhka fïoh f,i mj;sk Nd.sl m%udKh 𝑥 kï" 𝑥 =
𝑚𝑓

𝑀
 fõ' 

   𝑉𝑇 = 𝑉𝑓 + 𝑉𝑏 i,luq' 𝜌 =
𝑚

𝑉
 uÕska" 𝑉 =

𝑚

𝜌
 neúka" 

   𝑉𝑇 =
𝑚𝑓

𝜌𝑓
+

𝑚𝑏

𝜌𝑏
 jk w;r tuÕska" 𝑉𝑇 =

𝑥𝑀

𝜌𝑓
+

(1−𝑥)𝑀

𝜌𝑏
 fõ' 

 

  (ii) 𝑉𝑇 =
𝑀

𝜌𝑇
 neúka" 

𝑀

𝜌𝑇
=

𝑥𝑀

𝜌𝑓
+

(1−𝑥)𝑀

𝜌𝑏
 fõ' 

   tuÕska" 
𝑀

𝜌𝑇
=

𝑥𝑀

𝜌𝑓
+

𝑀

𝜌𝑏
−

𝑥𝑀

𝜌𝑏
 jk w;r" 𝑥𝑀 (

1

𝜌𝑓
−

1

𝜌𝑏
) = 𝑀 (

1

𝜌𝑇
−

1

𝜌𝑏
) fõ' 

   tuÕska" 𝑥 =
𝜌𝑓

(𝜌𝑏−𝜌𝑓)
[

𝜌𝑏

𝜌𝑇
− 1] f,i ,efí' 

  (iii)  𝑥 =
𝜌𝑓

(𝜌𝑏−𝜌𝑓)
[

𝜌𝑏

𝜌𝑇
− 1] i,lkak' 𝜌𝑇 = 1052.63 kg m-3 w.h wdfoaYfhka" 

   𝑥 =
900

(1100−900)
[

1100

1052.63
− 1] = 0.2025 fõ' 

   ta wkqj YrSrfha mj;sk fïoh m%;sY;h =
𝑥𝑀

𝑀
× 100 = 20.25% fõ' 

  (iv)  𝑥 =
𝜌𝑓

(𝜌𝑏−𝜌𝑓)
[

𝜌𝑏

𝜌𝑇
− 1]  ys wdfoaYfhka"  𝑥 =

900

(1100−900)
[

1100

1100
− 1] = 0 fõ' tkï" 

YrSrfha fïoh f,i mj;sk ialkaOh Y=kH fõ' th YrSr meje;aug ys;lr fkdfõ'  
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𝑡 

𝑣 

𝑣0 

06. (a)  (i) 𝑐 =
1

√𝜀0𝜇0
 ys wdfoaYfhka" 𝑐 =

1

√8.854×10−12×4×3.14×10−7
= 2.997 × 108 m s-1 fõ' 

(ii)  N+ia:djr pkaøsldjg mD:sú flakaøfha isg ÿr 𝑟 = 36000 + 6000 = 42000 km 

OFCC isg N+ ia:djr pkaøsldjg ÿr 𝑥 kï" 𝑥 sin 80° = 𝑟 uÕska" 

𝑥 =
𝑟

sin 80°
=

42000

0.98
= 42857 km fõ' 

𝑐 =
2𝑥

𝑡
 uÕska" .;jk ld,h 𝑡 =

2×42.857×106

3×108 = 28.57 × 10−2 s = 0.28 s fõ' 

 (b)  m%ldY ;ka;= udOHfha j¾;kdxlh 𝑛 =
𝑐

𝑉
 uÕska" 𝑣 =

3×108

1.5
= 2 × 108 m s-1 

  𝑣 =
𝑠

𝑡
 ys wdfoaYfhka" .;jk ld,h" 𝑡 =

16×106

2×108
= 8.0 × 10−2 = 80 ms fõ' 

 (c)  (i)  wkajdhdu ;rx. fõ.h 𝑣 = √
𝑌

𝜌
 ys wdfoaYfhka" 

   ;U ñY% f,dayh ;=<ska wkajdhdu ;rx. fõ.h 𝑣 = √
3.2×108

8×103
= 200 m s-1. 

  (ii) 𝑣 =
𝑠

𝑡
 ys wdfoaYfhka" .;jk ld,h" 𝑡 =

50

200
= 0.25 s fõ' 

 (d) .;jq uq¿ ld,h = 12 + 280 + 80 + 250 = 622 ms 

 (e)  (i) 𝑣 =
𝑆

𝑡
 iólrKfha wdfoaYfhka" 𝑣 =

9

0.025
= 360 m s-1 fõ' 

  (ii)  (1)  jd;fha oS wdf,dalfha fõ.h 3 × 108 m s-1  yd jd;fha oS Yíofha fõ.h 360 
m s-1 muK jk neúka Yíoh weiSug fmrd;=j mqmqrd hk wkaou oel .; yels 
fõ' 

   (2)  jd;fha WIaK;ajh taldldr fkdùu yd jd;h ksYap,j fkdmej;Su jeks 
lreKq fya;=fjka ksjeros ms<s;=r ,nd .; fkdyels úh yels h' 

 

07.  (a)  (i)  iafgdla iólrKh 𝐹 = 6𝜋𝜂𝑎𝑣 uÕska" 𝜂 =
𝐹

6𝜋𝑎𝑣
 jk w;r" 

 [𝜂] =
[𝐹]

[𝑎][𝑣]
=

M L T−2

L × L T−1
= M L−1 T−1 fõ' 

  (ii)  wdrïNfha oS ÿiai%dù n,h 𝐹 Y=kH fõ' f.da,fha p,s;h i,ld isriaj my<g 𝐹 = 𝑚𝑎 
fhdouq' 

  𝑚𝑔 − 𝑉𝜎𝑔 = 𝑚𝑎0 uÕska" 𝑎0 =
𝑚𝑔−𝑉𝜎𝑔

𝑚
=

(𝜌−𝜎)𝑔

𝜌
 

  (iii) wdka; m%fõ. wjia:dfõ oS" 𝑚𝑔 − 𝑉𝜎𝑔 − 6𝜋𝜂𝑎𝑣0 = 0 jk w;r" 𝑚 = 𝑉𝜌 neúka" 

𝑣0 =
𝑉(𝜌−𝜎)𝑔

6𝜋𝜂𝑎
 f,i ,efí' 𝑉 =

4

3
𝜋𝑎3 wdfoaYfhka" 𝑣 =

2𝑎2

9𝜂
(𝜌 − 𝜎)𝑔 f,i ,efí' 

 
 

  (iv)   
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2.26 cm 

jd;h we;=¿ lsrSu 

A 

𝑃 

jdhq nqnq, 

 (b) (i)  i,lk ,o wjia:dfõ oS ialkaOh 𝑚1 jia;=fõ m%fõ.h 𝑣1 kï"  

   𝑚1𝑔 − 𝑢 = 6𝜋𝜂𝑎𝑣1 uÕska" 𝑣1 =
𝑚1𝑔−𝑢

6𝜋𝜂𝑎
 fõ' 

   fuf,iu" ialkaOh 𝑚2 jia;=fõ m%fõ.h 𝑣2 kï" 𝑣2 =
𝑚2𝑔−𝑢

6𝜋𝜂𝑎
 fõ' 

   fuys oS" 𝑣1 > 𝑣2 jk neúka" ld,h iuÕ 𝑥 ÿr wvq fõ' 
(ii)  wxY= w;r idfmaË m%fõ.h = 𝑣1 − 𝑣2 

𝑣 =
𝑥

𝑡
 uÕska" 𝑡 =

𝑥

(𝑣1−𝑣2)
=

𝑥×6𝜋𝜂𝑎

[𝑚1𝑔−𝑢−𝑚2𝑔+𝑢]
=

6𝜋𝜂𝑎𝑥

[𝑚1−𝑚2]𝑔
  

 

(c)  (i)  øj wKq u; we;s jk mDIaGsl wd;;s n,h fya;=fjka flaIsl k<h osf.a øj by< 
ke.Su isÿ fõ' 

 (ii) 
2𝑇 cos 𝜃 

𝑟
= ℎ𝜌𝑔 uÕska" ℎ =

2𝑇 cos 𝜃 

𝑟𝜌𝑔
 fõ' ta wkqj" flaIslh Woa.uk Wi k<fha wrh" 

øjfha >k;ajh" øjfha mDIaGsl wd;;sh" øjh yd k<h w;r iam¾Y fldaKh yd 
.=re;ajc ;ajrKh u; r|d mj;S' 

 (iii)   

 

 

 

 

 

 

 flaIsl Woa.ukh i,ld" 
2𝑇 cos 𝜃 

𝑟
= ℎ𝜌𝑔 fhdouq' 

 túg" 
2𝑇 cos 𝜃 

0.2×10−3 = 2.26 × 10−2 × 800 × 10 uÕska" 𝑇 cos 𝜃 = 1.808 × 10−2 → (1) 

fõ' 

 îlrh ;=< we;s jk jdhq nqnq, leä hdug fudfyd;lg fmr wjia:dj i,ld" mSvk 

wka;r iólrKh  𝑃 − 𝑃𝐴 =
2𝑇

𝑟
 f,i ,súh yelsh' fuys oS" uefkdaógr øjh i,ld" 

𝑃 = 𝐻0 + ℎ𝜌𝑔 yd  𝑃𝐴 = 𝐻0 + 𝑑𝜎𝑔 w.hka wdfoaYfhka"  

 𝐻0 + ℎ𝜌𝑔 − (𝐻0 + 𝑑𝜎𝑔 ) =
2𝑇

𝑟
 uÕska (ℎ𝜌 − 𝑑𝜎 )𝑔 =

2𝑇

𝑟
 jk w;r" 

 𝑇 =
𝑟𝑔

2
(ℎ𝜌 − 𝑑𝜎 ) f,i ,efí' túg" 

 𝑇 =
0.2×10−3×10

2
(

5.6

100
× 800 −

2.5

100
× 1000 ) × 10 = 3.6 × 10−2 N m-1 fõ' 

 𝑇 = 3.6 × 10−2 N m-1  w.h (1) ys wdfoaYfhka" cos 𝜃 =
1.808×10−2

3.6×10−2
= 0.5 jk w;r" 

øjh yd ùÿre w;r iam¾Y fldaKh 𝜃 = cos−1(0.5) = 60° fõ' 

 

08. (a)  wdfrdams; ;yvqfõ isg 𝑟 ÿrla wE;ska jQ ,ËHhl úoHq;a fËq;% ;Sj%;djh 𝐸 hehs is;uq' 

.jqia kshuhg wkqj" 𝐸 × 𝐴 =
∑ 𝑄

𝜀0
 jk w;r" wdfrdamK >k;ajh 𝜎 neúka" 𝐴 = 𝐴′ yd 

  ∑ 𝑄 = 𝜎 × 2𝐴′ w.hka wdfoaYfhka" 
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rEmh 1 

𝐴′ 

𝐸 
𝑟 

+𝑞 

−𝑞 

2𝑎 𝑂 

rEmh 2 

𝐸 

+𝑞 

−𝑞 

2𝑎 

𝐸ሬԦ 

𝜃 

rEmh 3 

𝑞𝐸 

2𝑎 sin 𝜃 

rEmh 4 

𝐻+ 

−𝐶𝑙 

2𝑎 𝑂 

𝐸 

𝐹𝐸 

𝐹𝐸  

iu;=,s; ia:dhs msysgqu 

𝐻+ 𝐶𝑙− 𝑂 𝐹𝐸  𝐹𝐸  

rEmh 5 

wjika wjia:dj 

𝐻+ 𝐶𝑙− 𝑂 𝐹𝐸  𝐹𝐸  

uq,a wjia:dj 

𝐻+ 𝐶𝑙− 𝑂 𝐹𝐸  𝐹𝐸  

𝐸 𝐸 

𝑢𝑖 = (−)𝑝 × 𝐸 
𝑢𝑓 = (−)(−𝑝) × 𝐸 = 𝑝 × 𝐸 

𝑃 𝑃 

  𝐸 × 𝐴′ =
𝜎×2𝐴′

𝜀0
 uÕska" 𝐸 =

𝜎

𝜀0
 f,i ,efí' by; m%ldYkh 𝑟 f.ka iajdh;a; neúka" fujeks 

wjia:djl úoaHq;a lafIa;% ;Sj%;djh 𝑟 u; rod fkdmj;sk nj meyeos<s h' 

 

 

 

 

 

 

 

 (b)  (i) úoaHq;a fËa;% ;Sj%;djh 𝐸 =
1

4𝜋𝜀0

𝑞×1

𝑎2
× 2 =

𝑞

2𝜋𝜀0𝑎2
 fõ' osYdj −𝑞 foig fõ' 

(ii) oaù-O%ejh u; we;s jk úoHq;a n,-hq.aufha >Q¾Kh" 
𝐺 = 𝐹𝐸 × 𝑑 = 𝑞𝐸 × 2𝑎 sin 𝜃 fõ' 

oaù-O%ej >Q¾Kh 𝑝 = 𝑞 × 2𝑟 jk neúka" 

𝐺 = 𝑝𝐸 sin 𝜃 f,i ,efí' 

 

(iii)  

 

 

 

 

 

 

 

 

(iv)  ld¾hh jkq úNj Yla;sfha jeäùu fõ' 
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rEmh 5 

2𝑎 𝑂 

𝑂−2 

𝐻+ 𝐻+ 

𝑂−𝑞 

𝐻+𝑞 

;=,H úoaHq;a oaù-O%ejh 

rEmh 6 (a) 

𝑅 

+𝑄 

fmd<j 

wl=Kq j<dl=, 

−𝑄 

−𝑄 

𝑟 

rEmh 6 (b) 

𝑅 

+𝑄 

fmd<j 

;=,H oaù-O%ej hq.,h 

−𝑄 

+𝑄 

𝑟 

𝑟 

𝑅 

 osYdj m%;súreoaO lsrSug ndysrska isÿ l< hq;= ld¾hh 𝑊 = 𝑢𝑓 − 𝑢𝑖 uÕska" 

 𝑊 = 𝑝𝐸 − (−)𝑝𝐸 = 2𝑝𝐸 fõ' 

 (c)  

 

 

 

 

 

 

 (i)  ;=,H úoaHq;a oaù-O%ejh i,ld" 𝑝 = 𝑞 × 2𝑟 fhdouq' ta wkqj" 

  𝑝 = 10 × 1.6 × 10−19 × 40 × 10−10 = 6.4 × 10−27 C m fõ' 

 (ii) 𝐺 = 𝑝𝐸 sin 𝜃 uÕska" úoHq;a n,-hq.aufha WmrSu >Q¾Kh" 

  𝐺𝑚𝑎𝑥 = 𝑝𝐸 sin 90° = 6.4 × 10−27 × 1 × 105 = 6.4 × 10−22 N m f,i ,efí' 

 (d)     

 

 

 

 

 

 

 

 

 

 

 (i)  2a mr;rhla iys; oaù-O%ejhl 
flakaøfha we;s jk úoaHq;a fËa;% 

;Sj%;djh 𝐸 =
𝑞

2𝜋𝜀0𝑎2
 fõ' osYdj 

−𝑞 foig fõ' 

  ta wkqj" ↑ 𝐸1 =
𝑄

2𝜋𝜀0𝑟2  yd ↓ 𝐸2 =
𝑄

2𝜋𝜀0𝑅2  jk tneúka" iM, úoaHq;a fËa;% ;Sj%;djh" 

↑ 𝐸 = 𝐸1 − 𝐸2 =
𝑄

2𝜋𝜀0
(

1

𝑟2 −
1

𝑅2) fõ' osYdj isriaj by< foig fõ' 

 (ii) 𝐸 =
𝜎

𝜀0
=

𝑄

2𝜋𝜀0
(

1

𝑟2 −
1

𝑅2) uÕska" mD:Súh u;=msg mDIaGSl wdfrdamK >k;ajh" 

  𝜎 =
𝑄

2𝜋
(

1

𝑟2 −
1

𝑅2) =
20

2×3
[

1

(4×103)2 −
1

(5×103)2] = 7.5 × 10−4 C m-2 fõ' 
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9 A  (a) (i) 𝑃 = 𝑉𝐼 iólrKh uÕska" 𝑉 =
𝑃

𝐼
=

40

2
= 20 V fõ'   

 (ii)  𝑃 = 𝐼2𝑅 iólrKh uÕska" 𝑅 =
𝑃

𝐼2
=

40

4
= 10 Ω fõ' 

 (iii) 𝑅𝜃 = 𝑅0(1 + 𝛼𝑅𝜃) ys wdfoaYfhka" 𝑅0 =
𝑅𝜃

(1+𝛼𝑅𝜃)
=

10

(1+6×10−3×350)
= 3.23 Ω fõ' 

 (b)  (i)  fjd,aÜógrfha R w.%h P g iïnkaO l, úg n,anh tys m%udKs; w.fhka oe,afjk 
neúka tys fofl<jr úNj wkq;rh 20.0 V fõ' fuúg" fjda,aÜógr mdGdxlh 6.0 V 

jk neúka" fldaIh fofl,jr úNj wkq;rh = 20 + 6 = 26 V fõ' 

  fldaIhl fofl,jr úNj wka;rh" 𝑉 = 𝐸 − 𝐼 × 𝑟 uÕska" 26 = 30 − 2 × 𝑟 uÕska" 
𝑟 = 2 Ω f,i ,efí' 

 (ii)  n,anh Wmrsu oSma;sfhka oe,afjk úg th ;=,ska Odrdj = 2 A 

  𝑉 úNj wka;rhla hgf;a oe,afjk n,anhl ;Sj%;djh" 𝐼 = 𝑘𝑉2 f,i i,luq' 

  fjda,aÜógrh mrsm:hg iïnkaO úg"  𝐼 = 𝑘 × 202 → (1) 

  fjda,aÜógrh mrsm:hg iïnkaO fkdù ;sfnk úg" ;Sj%;djh wvla jk neúka"  

   
𝐼

2
= 𝑘 × 𝑉2 → (2) jk w;r" (1), (2) uÕska" 𝑉 =

20

√2
= 14.14 V fõ' 

 (iii)  ´ïf.a kshuh" 𝑉 = 𝐼𝑅 uÕska" oSma;sh wvla jk úg n,anh ;=<ska Odrdj" 

  𝐼 =
14.14

10
= 1.41 A fõ' 

 (iv) 𝑃 = 𝐸 × 𝐼 uÕska" n,anh w¾Ohla oSma;sfhka oe,afjk úg fldaIfha úoHq;a Yla;s 
ckk Ëu;djh 𝑃 = 30 × 1.41 = 42.3 W fõ' 

 (v)  fuúg" fldaIh wNHka;rfha Yla;s W;ai¾ck Ëu;djh 𝑃 = 𝑖2 × 𝑟 = 1.412 × 2 =

3.98 W fõ' tneúka" n,anh w¾Ohla oSma;sfhka oe,afjk úg ndysr mrsm:h ;=< 
Yla;s W;ai¾ck Ëu;djh = 42.3 - 3.98 = 38.32 W fõ' 

 (vi)  n,anh w¾Ohla oSma;sfhka oe,afjk úg" úp,H m%;sfrdaOfha w.h 𝑅 kï" 

  30 = 1.41(2 + 10 + 𝑅) uÕska" 𝑅 = 9.28 Ω 

  fjda,aÜógrh iïnkaO úg" R ;=<ska ODrdj 𝑖′ kï" 6 = 𝑖′ × 9.28 uÕska" 

  𝑖′ =
6

9.28
= 0.646 A fõ' túg" fjda,aÜógrh ;=<ska ODrdj 𝐼𝑉 = 2 − 0.646 =

1.354 A fõ' túg" fjda,aÜógr mdGdxlh" 𝑉 = 𝐼𝑉 × 𝑅𝑉 uÕska" 

  𝑅𝑉 =
6.0

1.345
= 4.46 Ω fõ'  

 (vii)  fjda,aÜógrfha R w.%h Q ,ËHhg iïnkaO l< úg mrsm:fha iul m%;sfrdaOh wvq 
ù fldaIh ;=<ska .,k Odrdj jeä fõ' túg" fldaIh fofl<jr úNj wka;rh fmr 
wjia:dfõoSg jvd wvq fõ' tneúka" n,anfha oSma;sh w¾Ohlg jvd wvq fõ'  
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V
CE

 

+V
CC

 

R
1
 

R
2
 

R
C
 

I
C
 

9 B (a) oaùO%ej ikaê g%dkaisiagrhl ixl%duK ,dËKslh 
(b)   

 

 

 

 

 

 

 

 

 

 

 (i)  RC yryd Odrd .e,Su i,ld my; iïnkaO;djh ,shd oelaúh yels h' 

 VCC - 0 = IC RC + VCE    fuys IC Wla; l< úg" 𝐼𝐶 = − (
1

𝑅𝐶
) 𝑉CE +

𝑉CC

𝑅𝐶
 f,i ,efí'  

(ii)  VCE iajdh;a; úp,Hh f,i;a IC mrd;a; úp,Hh f,i;a ie,lSfï oS by; oelafjk 
m%ldYkh" y = - mx + c wdldr jk nj fmfka' VCE bosrsfha IC m%ia;dr.; l< úg my; 
ir, f¾Ldjla ,efí'  

 Ndr f¾Ldfõ wkql%uKh 

 = − (
1

𝑅𝐶
) fõ' 

 

 

 

 

 

 

 

 

 

 

 

 

(iii)  m%;sodk ,dËKsl jl% miqìï lr.;a Ndr f¾Ldj yd mrsm:hg wod, m%;sodk ,dËKsl 
jl%h fþokh jk ,ËHh ksjd; ,ËHh f,i y÷kd .kS' 

 

 

IB A 

IC (mA) 

il%Sh fyj;a 
iudkqmd;sl m%foaYh 

lemS.sh m%foaYh 

ix;Dma; 
m%foaYh 

(IC)max 

wkql%uKh = − (
1

𝑅𝐶
) 

 

IC  

VCE 

 
𝑉CC

𝑅𝐶
 

VCC 

VCE  

IC 

m%;sodk 
,dËKsl 

VCC 

VCC 

RC 

Ndr f¾Ldj  

Q 

ksjd; ,ËHh 

𝐼𝐶 = − (
1

𝑅𝐶
) 𝑉CE +

𝑉CC

𝑅𝐶
 g wkqj" 𝐼𝐶 = 0 

úg" 𝑉CE = 𝑉CC jk nj;a" 𝑉CE = 0 úg" 

𝐼𝐶 =
𝑉CC

𝑅𝐶
 f,i ms<sfj,ska Ndr f¾Ldj 

uÕska 𝑥 yd 𝑦 wËj, we;s lrkq ,nk 
wka;#LKav ,eí' 
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+V
CC = 10 V 

𝑋 

𝑅 

454 Ω 

𝐼𝐶 

2.3 kΩ 

B 

C 

E 

50 mW 

 (c) (i)  n-p-n j¾.fha g%dkaisiagrhls' 

(ii)  (1) 𝑃 = 𝑉𝐼 uÕska" 𝐼 =
50×10−3

5
= 10 mA 

 (2)  454 Ω m%;sfrdaOh yryd Odrd .e,Su i,ld" 

𝑉𝐶𝐶 − 𝑉𝐶 = 𝑅𝐶 uÕska" 𝐼 =
10−5

454
= 11 mA fõ' 

ta wkqj" 𝐼𝐶 = 11 − 10 = 1 mA fõ' 

 (3)  2.3 kΩ m%;sfrdaOh yryd Odrd .e,Su i,ld" 

  𝑉𝐸 − 0 = 𝐼𝐸𝑅𝐸 uÕska" 

  𝑉𝐸 = 1 × 10−3 × 2.3 × 103 = 2.3 V fõ' 

  𝑉𝐵 = 𝑉𝐸 + 𝑉𝐵𝐸 uÕska" 

  𝑉𝐵 = 2.3 + 0.7 = 3.0 V fõ' 

(4)  f,day bosrsfha oS 𝑋 ys m%;sfrdaOh 4.9 kΩ jk neúka yd úNj fnok uQ,O¾uhg 

wkqj" 𝑉𝐵 =
𝑅

𝑅+𝑅𝑋
× 𝑉𝐶𝐶   uÕska" 3.0 =

𝑅

𝑅+4.9
× 10 uÕska"  

 𝑅 = 2.1 kΩ fõ' 

(5)  g%dkaisiagrh il%sh fyj;a iudkqmd;sl wjia:dfõ mj;sk neúka" 𝐼𝐶 = 𝛽𝐼𝐵 

iïnkaOh j,x.= fõ' ta wkqj" 𝐼𝐵 =
1×10−3

100
= 10 𝜇A fõ' 

 (iii) g%dkaisiagrh ix;Dma; úg" th ;=<ska Odrdj (𝐼𝐶)𝑚𝑎𝑥 kï" 

  (𝐼𝐶)𝑚𝑎𝑥 × 𝑅𝐶 + 𝑉𝐶𝐸 + (𝐼𝐶)𝑚𝑎𝑥 × 𝑅𝐸 = 𝑉𝐶𝐶 − 0 uÕska"  

  (𝐼𝐶)𝑚𝑎𝑥 =
10−0.2

(2300+454)
= 5.6 mA fõ' 

 (d) (i)  foux h;=r P g fhdod we;s wjia:djla neúka iEu úg u 𝑅 = 0 fõ' 

 f,day wKdjrKh jk wjia:djl 𝑉𝐶 = 5 V jk neúka" 𝑆 = 1 fõ' 

 f,day wKdjrKh fkdjk wjia:djl 𝑉𝐶 = 𝑉𝐸 + 0.2 = 2.5 V muK jk neúka" 𝑆 =

0 f,i .efka' 

 fï wkqj" f,day wKdjrKh jk wjia:djl → 𝑆 = 1  yd 𝑅 = 0 o" 

 f,day wKdjrKh fkdjk wjia:djl → 𝑆 = 0  yd 𝑅 = 0 o fõ' 

 (ii)  f,day wKdjrKh jk wjia:djl → 𝑆 = 1  yd 𝑅 = 0 ;;ajh ,enqkq ú.i ms<sfmd< 

m%;sodkh 𝑄 = 1 hgf;a" iSkqj l%shd;aul fõ' mqoa.,fhl= fodrgqj wi,ska bj;aj .sh 

miqj → 𝑆 = 0  yd 𝑅 = 0 ;;ajh fyj;a "fkdfjkia " ;;ajh ,efnk neúka" iSkqj 
os.gu kdo fõ' 

 (iii)  foux h;=r Q g fhdod → 𝑆 = 0  yd 𝑅 = 1 ;;ajh fyj;a "h<s ieliSu " ;;ajh 
,nd osh hq;= h' túg" ms<sfmd< m%;sodkh 𝑄 = 0 hgf;a iSkqj kdo ùu kj;S' 
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𝑃 × 105 (Pa) 

𝑉 × 10−2 (m3) 

2.0 

0.8 

2.50 6.25 

𝐴 

𝐵 

𝐶 

𝑋 

𝑌 

10.A (a)  (i)  mSvkh ksh;j mj;ajd .ksñka jdhq ujq,hl WIaK;ajh 1 K m%udKhlska by< 
kexùug ,nd osh hq;= ;dm m%udKh fõ' 

(ii)  mrsudj ksh;j mj;sk úg ;dmh ,nd osh hq;= jkafka tys WIaK;ajh jeä lsrSug 
muKs' flfia kuq;a mSvkh ksh;j mej;shoS mrsudj jeä ùug bv mj;sk neúka 
,nd fok ;dmfhka fldgila m%idrKh i|yd o jeh fõ' tneúka" iEu úg u" 𝑐𝑃>𝑐𝑉 

(b)  (i) 𝑃𝑉 = 𝑛𝑅𝑇 ys wdfoaYfhka" 𝑛 =
2×105×2.5×10−2

8.33×300
= 2 mol. fõ' 

 (ii)  (1)  ifudaIaK m%idrKhla neúka"  𝑃1 × 𝑉1 = 𝑃2 × 𝑉2 j,x.= fõ' 

   tuÕska" 𝑃2 =
𝑃1×𝑉1

𝑉2
=

2×105×2.5×10−2

6.5×10−2 = 0.8 × 105 Pa fõ' 

   (2)   

 

 

 

 

 

 

(iii)  (1)  X yd Y kï lr we;' 

(2) A→C  mrsj¾;kh i,ld pd,aiaf.a kshufhka" 

 
𝑉1

𝑇1
=

𝑉2

𝑇2
 jk w;r" 𝑇2 =

𝑇1×𝑉2

𝑉1
=

300×6.25

2.50
= 750 K f,i ,efí' 

 fï wkqj" 𝑇𝐶 = 750 K fõ' 

(3) 1. ksh; mSvk l%shdj,sh (X) i,luq' 

(I)  fuysoS wNHka;r Yla;sh hkq jdhq wKqj, pd,l Yla;sh fï' jdhq 

ujq,hl pd,l Yla;sh" 𝐸 = 𝑛 ×
3

2
𝑅𝑇 fï wkqj" 𝑈 = 𝑛 ×

3

2
𝑅𝑇 jk w;r" 

 Δ𝑈 = 𝑛 ×
3

2
𝑅Δ𝑇 fõ'  

 fuysoS" Δ𝑈 = 2 ×
3

2
× 8.33 × (750 − 300) = +11245.5 J fõ' 

(II)  isÿ lrk ld¾hh = AC fldgig háka fËa;%M,h jk neúka" 

 ∆𝑊 = 𝑃1 × (𝑉2 − 𝑉1) = 2 × 105 × (6.25 − 2.50) × 10−2 = +7500 J 

(III)  ∆𝑄 = ∆𝑈 + ∆𝑊 jk neúka" ,nd ÿka ;dm m%udKh" 

 ∆𝑄 = 11245.5 + 7500 = +18745.5 J (;dm wjfYdaIKhls). 

2.  ksh; mrsud l%shdj,sh (Y) i,luq' 

(I)  fuh WIaK;ajh wvq jk l%shdjla neúka" 

 Δ𝑈 = 2 ×
3

2
× 8.33 × (300 − 750) = −11245.5 J fõ' 
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(II)  ksh; mrsud l%shdjla neúka" ∆𝑉 = 0 jk w;r"  ∆𝑊 = 0 fõ' 

(III)   ,nd ÿka ;dm m%udKh ∆𝑄 = ∆𝑈 + ∆𝑊 = −11245.5 + 0 = −11245.5 J 

(;dm úfudapkhls). 

(c)  (i)  X l%shdj,sh ie,lSfï oS" jdhq ujq, 2 l WIaK;ajh mSvkh ksh;j mj;ajd .Ksñka 
450 K m%udKhlska jeä lsrSug ,nd ÿka ;dmh  ∆𝑄 = 18745.5 J fõ'  tneúka" 

𝑐𝑃 =
18745.5

2×450
= 20.828 J mol-1 K-1 fõ' 

  Y l%shdj,sh m%;súreoaO osYdjg ie,lSfï oS" jdhq ujq, 2 l WIaK;ajh mrsudj ksh;j 
;nd .ksñka 450 K m%udKhlska jeä lsrSug ∆𝑄 = 11245.5 J ;dm m%udKhla ,nd 
osh hq;= nj meyeos<s h' 

  tneúka" 𝑐𝑉 =
11245.5

2×450
= 12.495 J mol-1 K-1 fõ' 

 (ii) 𝑐𝑃 − 𝑐𝑉 = 𝑅 úh hq;= h' .Kkh l< w.hka ie<lSfï oS"  

  𝑐𝑃 − 𝑐𝑉 = 20.828 − 12.495 = 8.333 f,i ,efnk neúka" ,nd.;a w.hka ksjeros 
fõ' 

 (iii)  wdrïNl wjia:dfõ oS WIaK;ajh 300 K jk w;r" èjks fõ.h 𝑣 = √
𝛾𝑅𝑇

𝑀
  

  uÕska ,efí' fuys 𝛾 =
𝑐𝑃

𝑐𝑉
 fõ' ,nd.;a w.hka wdfoaYfhka" 𝛾 =

20.828

12.495
= 1.667 fõ' 

túg" 𝑣 = √
1.667×8.33×300

28×10−3 = √14.9 × 104 = 386 m s-1 fõ' 

 

10.B (a)  (i) 𝑃 = 𝑉𝐼 uÕska X lsrK ngfha úoHq;a Ëu;djh 

   𝑃 = 20 × 103 × 30 × 10−3 = 600 W fõ' 

  (ii)  ;dm W;ai¾ck iS>%;djh = 600 ×
99

100
= 594 W 

  (iii)  ;dmh ,eîfï iS>%;djh" 
𝑄

𝑡
= 𝑚𝑐 (

𝜃

𝑡
) uÕska" 

   594 = 300 × 10−3 × 150 × (
𝜃

𝑡
) uÕska" WIaK;ajh by, keÕSfï iS>%;djh (

𝜃

𝑡
) =

594

3×15
= 13.2 ℃ s-1 fõ' 

  (iv)  ñks;a;=jl ld,hla i,luq' ñks;a;=jla ;=< oS b,lal f,dayfha WIaK;ajh by< hdu 
= 13.2 × 60 = 792 ℃ fõ' 

   ;dm yqjudrej i,ld" b,lal f,dayh ,nd ÿka ;dmh = c,h ,nd .;a ;dmh jk 
neúka" 300 × 10−3 × 150 × 792 = 3.6 × 4200 × ∆𝜃 uÕska" 

   c,fha WIaK;ajh by< hdu" ∆𝜃 =
3×15×792

3.6×4200
= 2.4 ℃ 

 (b)  (i)  X-lsrK k<fha Odrdj 𝐼 =
𝑄

𝑡
 uÕska" tall ld,hla ;=< oS b,lal f,dayh u; m;kh 

jQ wdfrdamK m%udKh 𝑄 = 𝐼 × 𝑡 = 30 × 10−3 × 1 = 30 × 10−3 C 
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𝑣 

𝐹𝐵 

𝑖 

−𝑒 

𝑚 

   túg" b,lal f,dayh u; tall ld,hla ;=< oS m;kh jk bf,lafg%dak m%udKh =
𝑄

𝑒
=

30×10−3

1.6×10−19 = 1.875 × 1017 fõ' tneúka tall ld,hla ;=< oS ksmojk X lsrK 

ixLHdj = 1.875 × 1017 ×
1

100
= 1.88 × 1015 fõ 

  (ii) X-lsrK ksmoùfï Ëu;djh = 600 ×
1

100
= 6 W 

   X-lsrK f*dafgdakhl WmrSu Yla;sh 𝐸 kï" 𝐸 × 1.88 × 1015 = 6 fõ'  

   ta wkqj"  f*dafgdakhl WmrSu Yla;sh 𝐸 =
6

1.88×1015 = 3.2 × 10−15 J. 

   𝐸 =
3.2×10−15

1.6×10−19 = 2 × 104 eV = 20 keV 

  (iii) 𝑐 = 𝑓𝜆 yd 𝐸 = ℎ𝑓 uÕska" 𝜆 =
ℎ𝑐

𝐸
=

6.6×10−34×3.0×108

3.2×10−15 = 6.19 × 10−11 m 

 (c)  (i)   bf,lafg%dakfha jD;a; p,s;h i,ld" 𝐵𝑞𝑣 =
𝑚𝑣2

𝑟
 uÕska" 

𝑣 =
𝐵𝑞𝑟

𝑚
 f,i ,efí' 

   ta wkqj" bf,lafg%dakhl fõ.h" 

    𝑣 =
2.5×10−3×1.6×10−19×10×10−2

9×10−31 = 4.4 × 107 m s-1 fõ' 

  (ii) 𝐸 =
1

2
𝑚𝑣2 uÕska" bf,lafg%dakhla i;= pd,l Yla;sh" 

   𝐸 =
1

2
× 9 × 10−31 × (4.4 × 107)2 = 8.71 × 10−16 J fõ' 

  (iii)  bf,lafg%dakhla bj;alsrSug jeh ù we;s Yla;sh" m;s; f*dafgdakhl WmrSu Yla;sh 
yd uqla;jk bf,lafg%dakhla i;= Wmrsu pd,l Yla;sh w;r wka;rh uÕska ,nd foa' 
ta wkqj" bf,lafg%dakhla bj;alsrSug jeh ù we;s Yla;sh" 

   ∆𝐸 = 3.2 × 10−15 − 8.71 × 10−16 = 2.33 × 10−15 J fõ' 

  (iv)  foay,Sh ixLHd;h 𝑓0 kï" ∆𝐸 = ℎ𝑓0 f,i ie,lsh yels h [tkï bf,lafg%dak 
i|yd pd,l Yla;sh Y=kH jk wjia:dj]' túg" 

   𝑓0 =
∆𝐸

ℎ
=

2.33×10−15

6.6×10−34 = 0.353 × 1019 Hz fõ' 𝑐 = 𝑓0 × 𝜆0  uÕska foay,Sh ;rx. 

wdhduh " 𝜆0 =
3.0×108

0.353×1019 = 8.4 × 10−11 m fõ' 
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