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f~wgKv (Introduction)  
 

c`v_©weÁv‡bi cÖavb Av‡jvP¨ welq n‡jv c`v_© I kw³| Gme welq m¤ú‡K© Ávb jvf Ki‡Z n‡j G‡`i KZ¸‡jv 

welq cwigvc Kiv Avek¨K| cwigvc‡hvM¨ Gme †fŠZ ˆewkó¨‡K ivwk ejv nq| c`v_©weÁvb ch©‡eÿY I cixÿ‡Yi 

gva¨‡g Gme ivwkmg~n‡K `yBfv‡M fvM Kiv hvq| h_v: †¯‹jvi ivwk Ges †f±i ivwk| ‡ ‹̄jvi ivwk¸‡jv cÖKv‡ki 

Rb¨ ïay gv‡bi cÖ‡qvRb nq Avi †f±i ivwk¸‡jv cÖKv‡ki Rb¨ gvb Ges w`K Df‡qi cÖ‡qvRb nq| †f±i 

ivwk¸‡jvi †hvM, we‡qvM I ¸Y mvaviY exRMwY‡Zi wbq‡g m¤úbœ Kiv hvq bv| †f±i †hvRb we‡qvRb BZ¨vw` 

m¤úbœ Kivi Rb¨ R¨vwgwZK c×wZ AbymiY Kiv nq| GQvov †f±i Acv‡iUi, †f±i K¨vjKzjvm BZ¨vw` ¸iæZ¡c~Y© 

welq m¤ú‡K© Avgiv GB BDwb‡U Rvb‡Z cvie| 

 

 

 GB BDwb‡Ui cvVmg~n 

cvV - 1.1 : †f±i ivwk I †¯‹jvi ivwk 

cvV - 1.2 : †f±i ivwki †hvM 

cvV - 1.3 : †f±‡ii wefvRb 

cvV - 1.4 : †f±‡ii ¸Yb 
cvV - 1.5 : K¨vjKzjvm  

 

 

 

 

 

 

 †f±i ivwk I †¯‹jvi ivwk  
Vector and Scalar 

 

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 †f±i ivwk I †¯‹jvi ivwki ag© eY©bv Ki‡Z cvi‡eb| 

 KwZcq †f±i ivwk e¨vL¨v Ki‡Z cvi‡eb| 

 

1.1 †f±i (Vector): 

weÁv‡bi wewfbœ welq mywbw`©ófv‡e Rvbvi Rb¨ wewfbœ ivwk cwigvc Ki‡Z nq| †hgb ˆ`N©̈ , fi, mgq, 

D”PZv, miY, †eM BZ¨vw`| G¸‡jv cÖ‡Z¨KwU GK GKwU ivwk| Gme ivwk‡K †fŠZ ivwk e‡j| c`v_©weÁv‡bi 

AšÍM©Z mKj †fŠZivwk‡K GKBfv‡e cÖKvk Kiv hvq bv| wKQz wKQz †fŠZ ivwk‡K cÖKv‡ki Rb¨ ïaygvÎ gv‡bi 

cÖ‡qvRb nq| Avevi wKQz wKQz †fŠZ ivwk‡K cÖKv‡ki Rb¨ gvb I w`K Df‡qi cÖ‡qvRb nq| GRb¨ ‰ewkó¨ Abymv‡i 

†fŠZ ivwk¸‡jv‡K `yBfv‡M fvM Kiv n‡q‡Q| G¸‡jv n‡jv- 

K) †¯‹jvi ivwk ev Aw`K ivwk (Scalar quantity) 
L) †f±i ivwk ev w`K ivwk (Vector quantity) 

BDwbU 

1 

cvV-1.1 
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†hme †fŠZ ivwki ïaygvÎ gvb Av‡Q wKš‘ w`K †bB, Zv‡`i‡K †¯‹jvi ivwk ev Aw`K ivwk ejv nq| †hgb, ˆ`N ©̈, 

fi, mgq, ZvcgvÎv BZ¨vw`|  

Avevi †hme †fŠZivwki gvb I w`K DfqB Av‡Q, Zv‡`i‡K †f±i ivwk ev w`K ivwk ejv nq| †hgb, miY, †eM, 

Z¡iY, ej BZ¨vw`| 

 

1.2 †f±i ivwki ag© (Properties of vector): 

†f±i ivwk¸‡jv wKQz †gŠwjK wbqg ev ag© AbymiY K‡i| †hgb, 

1. †f±i ivwki gvb I w`K Av‡Q| 

2. mgRvZxq †f±img~n‡K †hvM Kiv hvq wKš‘ wfbœ cÖK…wZi †f±i †hvM Kiv hvq bv| 

3. `ywU †f±i ivwki †f±i ¸Ydj GKwU †f±i ivwk| 

4. `ywU †f±i ivwki †¯‹jvi ¸Ydj GKwU †¯‹jvi ivwk| 

5. †f±‡ii †hvM, we‡qvM, ¸Y mvaviY MvwYwZK wbqg †g‡b P‡j bv| 

6. †f±i ivwk‡K Dcvs‡k wef³ Kiv hvq| 

 

1.3 †f±‡ii wPý (Symbol of vector): 

†f±i ivwk‡K wPý Øviv wb¤œwjwLZfv‡e cÖKvk Kiv hvq, 

K) Aÿ‡ii Dci Zxi wPý () Øviv †f±i ivwk cÖKvk Kiv nq| 

†hgb, A Aÿ‡ii ‡f±i iƒc A


 

A


Gi gvb n‡”Q 

| A |


 ev A 

 

L) Aÿ‡ii Dc‡i ev wb‡P ‡iLv wPý (—) Øviv †f±i ivwk cÖKvk Kiv nq| 

†hgb, A Aÿ‡ii ‡f±i iƒc A  ev A 

Gi gvb n‡”Q 

| A |  ev 

| A |  
M) †gvUv ni‡di Aÿi w`‡q Øviv †f±i ivwk cÖKvk Kiv nq| 

†hgb, A Aÿ‡ii ‡f±i iƒc A 
Gi gvb n‡”Q |A |ev A 
 

N) GKK †f±i‡K Uzwc (^) wPý Øviv cÖKvk Kiv nq| 

†hgb, 

ˆ ˆ ˆi, j,k   BZ¨vw` GKK †f±‡ii D`vniY| 

 

1.4 †f±i cÖKvk (Vector Representation): 

†f±i ivwk¸‡jv‡K MvwYwZKfv‡e cÖKvk Kiv hvq| d‡j ivwkwUi gvb I w`K Rvbv hvq| wb‡¤œ K‡qKwU †fŠZ ivwki 

†f±i cÖKvk †`Lv‡bv nj| 

 

K) ej (Force): 
†h evwn¨K Kvi‡Y e¯‘i MwZ ev w¯’wZ Ae¯’vi cwieZ©b N‡U ev NUv‡Z Pvq Zv‡K ej e‡j|  

ej GKwU †f±i ivwk| myZivs Gi gvb Ges w`K Av‡Q| †Kv‡bv GKwU MwZkxj e¯‘i fi m, Z¡iY a Ges e¯‘i Dci 

wµqvkxj ej, F


 n‡j, Gi †f±i cÖKvk n‡jv- 

F
  = ma  
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L) †KŠwYK fi‡eM (Angular Momentum): 
N~Yv©qgvb †Kv‡bv e¯‘KYvi e¨vmva© I ˆiwLK fi‡e‡Mi †f±i ¸Ydj‡K †KŠwYK 

fi‡eM ejv nq| 

g‡b Kwi, r
= N~Y©b †K‡›`ªi mv‡c‡ÿ e¯‘KYvi e¨vmva© 

 p = e¯‘i ˆiwLK fi‡eM 

AZGe †KŠwYK fi‡eM, L


= r
 p  

 

Ges †KŠwYK fi‡e‡Mi gvb, L = rp sin  
GLv‡b  n‡”Q r

  I 

p  Gi ga¨eZx© †KvY| r
  I 

p
 †h Z‡j Aew ’̄Z L


Gi w`K n‡e H Z‡ji j¤ ̂eivei| 

 

M) Zj (Surface): 
GKwU c„‡ôi Dci Awfj¤ ̂AsKb Ki‡j †h w`K wb‡`©wkZ nq Zv n‡”Q H Z‡ji †f±i Ges c„ôwU n‡”Q Zj| 

GLv‡b j‡¤î ˆ`N©̈  n‡”Q GB †f±i ivwkwUi gvb Ges w`K n‡”Q †f±i ivwkwUi w`K| 

 

 

 

 

 

 

 

 

 

 

1.5 we‡kl †f±i (Special vector): 

GKK †f±i (Unit vector): 
†h †f±i ivwki gvb GK GKK Zv‡K GKK †f±i e‡j| gvb k~b¨ bq Giƒc GKwU mwVK †f±i‡K Zvi gvb Øviv 

fvM Ki‡j H †f±‡ii w`‡K GKwU GKK †f±i cvIqv hvq| GKK †f±i‡K Uzwc (^) wPý Øviv cÖKvk Kiv nq| 

†hgb, 

â , b̂ , ̂  BZ¨vw` Øviv GKK †f±i‡K cÖKvk Kiv nq| 

  

awi, A


GKwU †f±i hvi gvb, 

| A |


≠ 0  

AZGe 

A
| |A    = A


Gi w`‡K GKK †f±i = â  (awi)|  

†h †Kv‡bv GKwU †f±i A


Gi gvb, A=4 GKK Ges A


Gi w`‡K GKK †f±i hw` â  nq Zvn‡j A


= 4â | 

myZivs †Kv‡bv †f±‡ii gvb‡K H †f±‡ii GKK †f±i Øviv ¸Y 

Ki‡j †f±iwU cvIqv hvq| 

 

bvj ev k~b¨ †f±i (Null or Zero vector): 
†h †f±i ivwki gvb k~b¨, Zv‡K bvj ev k~b¨ †f±i ejv nq| 

k~b¨ †f±‡ii cv`we› ỳ Ges kxl©we›`y GKB| ci¯úi wecixZ 

w`‡K wµqvkxj ỳwU mgvb †f±‡ii jwãB nj bvj †f±i| 

wPÎvbymv‡i, A


 ̶ B


= 0


 


A  = 4

ˆ 
â

Q P 

wPÎ: 1.3 

B


 
A


 

wPÎ: 1.4 

 
 

r  
p  

r sin  

wPÎ: 1.1 

Zj †f±i 

Zj 

 

wPÎ: 1.2 (K) wPÎ: 1.2 (L) 
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Ae ’̄vb †f±i (Position vector): 
cÖmsM KvVv‡gvi g~j we›`yi mv‡c‡ÿ †Kv‡bv we›`yi Ae ’̄vb †h †f±‡ii mvnv‡h¨ wbY©q 

Kiv nq, Zv‡K Ae ’̄vb †f±i ejv nq| 

 

g‡b Kwi, ci¯úi mg‡Kv‡Y Aew ’̄Z X I Y `ywU Aÿ Ges g~jwe›`y O| P †h 

†Kv‡bv GKwU we› ỳ| Zvn‡j OP


 †f±iwU O we›`y mv‡c‡ÿ P we› ỳi Ae ’̄vb wb‡ ©̀k 

K‡i| myZivs OP


GKwU Ae ’̄vb †f±i| 

Ae ’̄vb †f±i‡K e¨vmva© †f±iI ejv n‡q _v‡K| G‡K r
  Øviv cÖKvk Kiv nq| 

myZivs, OP


= r

 

 

miY †f±i (Displacement vector): 
†h †Kv‡bv ỳwU we›`yi ga¨eZx© c‡_i ˆ`N©̈ ‡K †h †Kv‡bv fv‡eB 

AwZµg Kiv hvq| wKš‘ mij ev ˆiwLK c‡_ ỳB we›`yi ga¨eZx© 

AwZµvšÍ `~iZ¡‡K miY †f±i ejv nq| 

 

mij c‡_ A †_‡K B we›`yi AwZµvšÍ `~iZ¡ AB=R| 

AZGe R
  n‡jv miY †f±i| 

 

 

 

mvi-ms‡¶c :  

 †f±i ivwk: †h me †fŠZ ivwki gvb I w`K DfqB Av‡Q, Zv‡`i‡K †f±i ivwk ev w`K ivwk ejv nq| 

 †¯‹jvi ivwk: †h me †fŠZ ivwki ïaygvÎ gvb Av‡Q wKš‘ w`K †bB, Zv‡`i‡K †¯‹jvi ivwk ev Aw`K ivwk ejv 

nq| 

 GKK †f±i: †h †f±i ivwki gvb GK GKK Zv‡K GKK †f±i e‡j| 

 bvj ev k~b¨ †f±i: †h †f±i ivwki gvb k~b¨, Zv‡K bvj ev k~b¨ †f±i ejv nq| 

 AvqZ GKK †f±i: wÎgvwÎK ¯’vbvsK e¨e ’̄vq abvZœK X, Y I Z A‡ÿi w`‡K h_vµ‡g GKK 

ˆ ˆi, j  Ges k̂   
†f±i¸‡jv‡K AvqZvKvi ev AvqZ GKK †f±i ejv nq| 

 

 

cv‡VvËi g~j¨vqb-1.1 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| wb‡Pi †Kvb †f±iwUi gvb k~b¨ ? 

 (K) bvj †f±i  (L) Ae ’̄vb †f±i (M) GKK †f±i   (N) miY †f±i 

2| †KŠwYK fi‡e‡Mi w`K n‡”Q- 

 (K) r
 p  Gi w`‡K   (L) 

p  r
  Gi w`‡K   (M) r

 . p  Gi w`‡K   (N) 

p . r
  Gi w`‡K   

 

 

 

P


 

Y 

O X 

r


wPÎ: 1.5 


R   

A B 

wPÎ: 1.6 
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 †f±i ivwki †hvM  

Addition of Vector 
 

 

D‡Ïk¨ 

G cvV †k‡l Avcwb-  

 †f±i ivwki †hv‡Mi wbqg e¨vL¨v Ki‡Z cvi‡eb| 

 mvgvšÍwi‡Ki m~‡Îi mvnv‡h¨ `ywU †f±i ivwki jwãi gvb wnmve Ki‡Z cvi‡eb| 

 

 

2.1 †f±i ivwki R¨vwgwZK †hvRb wbqg (Geometrical Addition of Vector): 
mgRvZxq `ywU †f±i‡K †hvM ev we‡qvM Kiv hvq| †f±i ivwki gvb I w`K DfqB Av‡Q| GRb¨ †f±i 

ivwki ‡hvM-we‡qvM mvaviY exRMvwYwZK wbq‡g Kiv hvq bv| 

`yB ev Z‡ZvwaK †f±i ivwk †hvM K‡i bZzb †h ‡f±iwU cvIqv hvq  Zv‡K jwä (Resultant) ejv nq| †h †f±i 

mg~n †hvM K‡i jwä cvIqv hvq †mme †f±i‡K jwäi AskK ev Dcvsk (component) ejv nq| 

R¨vwgwZK c×wZ‡Z †f±i ivwki †hvM wb¤œwjwLZ cvuPwU m~‡Îi mvnv‡h¨ Kiv hvq| †hgb- 

1. mvaviY m~Î (General law) 
2. wÎfzR m~Î (Law of triangle) 
3. eûf‚R m~Î (Law of polygon) 
4. mvgvšÍwiK m~Î (Law of parallelogram) 
5. Dcvsk m~Î (Law of component) 
GB cv‡V K‡qKwU m~Î eY©bv Kiv n‡jv| 

mvaviY m~Î : `ywU mgRvZxq †f±‡ii cÖ_gwUi kxl©we›`y ev †klwe›`y Ges 

wØZxqwUi Avw`we›`y GKB we›`y‡Z ¯’vcb Ki‡j cÖ_g †f±‡ii Avw`we›`y Ges 

wØZxq †f±‡ii kxl©we›`yi g‡a¨ ms‡hvMKvix mij‡iLvi ˆ`N ©̈ †f±i `ywUi jwäi 

gvb wb‡`©k Ki‡e Ges H mij‡iLvi w`K jwä †f±‡ii w`K wb‡`©k Ki‡e| 

e¨vL¨v: 

aiv hvK, GKB mg‡q GKB we›`y‡Z `ywU †f±i ivwk P


I Q


wµqvkxj| †f±i 

`ywU‡K h_vµ‡g AB I BC †iLv Øviv wb‡`©k Kiv n‡jv| 

A_v©r, AB = P


Ges BC = Q


|  

Zvn‡j P


 †f±i wb‡`©kKvix mij‡iLv AB Gi kxl©we›`y Ges 

Q


 †f±i 

wb‡`©kKvix mij‡iLv BC Gi Avw`we›`y Df‡qB B †Z Ae¯’vb K‡i| GLb P


 
†f±‡ii Avw`we›`y A Ges 

Q


 †f±‡ii kxl©we›`y C †hvM Kwi Ges †iLvwU‡K A 

n‡Z C Awfgy‡L ZxiwPwýZ Kwi| Zvn‡j Zxi wPwýZ AC †iLvwU jwã R


 
wb‡`©k K‡i| myZivs †f±i ivwk `yBwUi †hvMdj wb¤œiƒ‡c cÖKvk Kiv hvq- 

R


= P


+ Q


............. .............. ............... ......... ....... .....(1.1) 

Abyiƒcfv‡e, `yB‡qi AwaK †f±i ivwk †hvM Kiv hvq| 

1.8 bs wPÎvbyhvqx wZbwU †f±i P


, Q


 I S


 Gi jwä wb¤œiƒ‡c cÖKvk Kiv hvq| 

A_v©r, R


= P


+ Q


+ S


 ......... .......... ........... ............ ............ ............. .............. ......... .......(1.2) 

wÎf‚R m~Î : GKwU wÎf‚‡Ri `ywU evû hw` GKB µ‡g, gv‡b I w`‡K `ywU †f±i‡K wb‡`©k K‡i Zvn‡j wÎfz‡Ri Z…Zxq 

evûwU wecixZµ‡g †f±i `ywUi jwä wb‡`©k K‡i| 

cvV-1.2 

wPÎ: 1.8 

S


 

C 

B A 

R


 

P
  

D 

Q


 

Q


 

C 

 A 

R
  

P
  

wPÎ: 1.7 

  
B 
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e¨vL¨v: 

g‡b Kwi, P


 I 

Q


†f±i `ywU †hvM Ki‡Z n‡e| cÖ_‡g P


Gi cÖvšÍwe›`yi mv‡_ 

Q


Gi Avw`we›`y hy³ Ki‡Z n‡e| 

d‡j †f±i `ywU gv‡b I w`‡K AB I BC evû‡K wb‡`©k K‡i| GLb P


 
Gi Avw`we›`yi mv‡_ 

Q


 Gi †kl we›`y †hvM K‡i ABC wÎf‚R MVb Kiv 

nj| Zvn‡j AC evûwU w`‡K I gv‡b P


I 

Q


Gi jwä †f±i R


 wb‡`©k 

K‡i (wPÎ 1.9)| 

A_v©r AB


 +  BC


 = AC


 ev, P


+ Q


= R


...... ....... ......(1.3) 

Avevi AB


 +  BC


 = AC


= - CA


 [†h‡nZz, AC


= - CA


] 

ev, AB


 +  BC


 + CA


= 0 ....... ....... ....... ....... ..........(1.4) 

AZGe wÎf‚‡Ri wZbwU evû hw` GKB µ‡g wZbwU mgRvZxq †f±i‡K 

wb‡`©k K‡i Zvn‡j G‡`i jwä k~b¨ n‡e| 

 

eûf‚R m~Î: 

`yB Gi AwaK †f±i ivwki †ÿ‡Î †f±i ivwk¸‡jv‡K GKB µ‡g mvwR‡q A_v©r cÖ_g †f±‡ii kxl©we›`y‡Z wØZxq 

†f±‡ii cv`we›`y, wØZxq †f±‡ii kxl© we›`y‡Z Z…Zxq †f±‡ii cv`we›`y Gfv‡e †i‡L cÖ_g †f±‡ii cv`we›`y Ges 

†kl †f±‡ii kxl©we›`y †hvM Ki‡j †h eûf‚R cvIqv hvq Zvi †kl evûwU wecixZµ‡g †f±i ivwk¸‡jvi jwäi gvb 

I w`K wb‡`©k K‡i| 

e¨vL¨v: 

g‡b Kwi A
 , B

 , C


, D


I E


cvuPwU †f±i ivwk| G‡`i jwä wbY©q Ki‡Z 

n‡e| Zvn‡j m~Îvbymv‡i, cÖ_g †f±i ivwk A


Gi Avw`we›`y Ges †kl †f±i 

ivwk E


Gi kxl©we›`yi ms‡hvRK †f±i ivwk R


-B D³ †f±i ivwk¸‡jvi 

gvb I w`K wb‡`©k K‡i| 

 jwä, R


= A
 + B

 + C


+ D
 + E


 

 

mvgvšÍwiK m~Î: 

†Kv‡bv mvgvšÍwi‡Ki GKB we›`y n‡Z AswKZ mwbœwnZ evû `ywU hw` †Kv‡bv 

KYvi Dci GKB mg‡q wµqviZ `ywU †f±i ivwki gvb I w`K wb‡`©k K‡i, 

Zvn‡j H we›`y n‡Z AswKZ mvgvšÍwi‡Ki KY©B jwäi gvb I w`K wb‡`©k K‡i| 

e¨vL¨v: 

g‡b Kwi, O we›`y‡Z GKwU KYvi Dci P


I 

Q


†f±iØq OA


I OC


 
eivei GKB mg‡q ci¯úi  †Kv‡Y wµqvkxj| Zvn‡j OA I OC 

†K mvgvšÍwi‡Ki `ywU mwbœwnZ evû a‡i OABC mvgvšÍwiKwU A¼b K‡i 

OB hy³ Kwi| Zvn‡j m~Îvbymv‡i Dfq †f±‡ii wµqvwe›`y O †_‡K 

Aw¼Z KY© OB


 B P


I 

Q


†f±iØ‡qi jwä †f±i R


wb‡`©k K‡i| 

A_v©r  OA


+ OC


= OB


   
ev, P


+ 

Q


= R


 

 

jwãi gvb wbY©q: 

g‡b Kwi, jwäi gvb R Ges AOC =  †KvbwU m~²‡KvY| GLb B we›`y n‡Z OA Gi ewa©Zvs‡ki Dci BN 

j¤ ̂Uvwb, hv OA evû‡K N we›`y‡Z †Q` K‡i| 

AB I OC mgvšÍivj| 

Q


 

C 

B A 

R


 

P


 
wPÎ: 1.9 


A  +


B   

O 

R
  

E


 D


 
C


 

B


 
 

A


 


A  +


B  +


C   


A +


B  +


C  +


D  

wPÎ: 1.10 

Q


 

O 

R


 

 

P


 A N 

B C 

   

wPÎ: 1.11 
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 AOC = BAN =  

Avevi OBN wÎf‚‡Ri ONB = 900

 

 OB2 
= ON2 

+ BN2 
= (OA 

+ AN)2 
+ BN2   

................... ......... ........ ........ ...... ...... (1.5) 

Avevi ANB mg‡KvYx wÎf‚R n‡Z 

 AB2 
= AN2 

+ BN2
......... .......... ......... ......... .............. ........... ............ ....... .... (1.6) 

Ges cos  = 

AN
AB   ev, AN = AB cos    ......... ....... ......... ......... ........... ......... ......... ..... (1.7) 

mgxKiY (1.5) G gvb ewm‡q Ges mgvavb K‡i cvB 

OB2 
= OA2 

+ 2.OA.AN + AN2 
+ BN2

 

ev, OB2 
= OA2 

+ 2.OA. AB cos  + AB2
 

ev, R2 
= P2 + 2.P.Q cos  + Q2

 

 R 
= 

2 2P Q 2PQcos       ........ ....... ......... ........ ........... ............ ........... ........ .... (1.8) 

 

jwãi w`K wbY©q: 

aiv hvK, jwä R


, P


 Gi mv‡_  †Kv‡Y wµqv Ki‡Q| A_v©r AOB =  

 OBN mg‡KvYx wÎfyR n‡Z cvB 

tan = 

BN
ON   = 

BN
OA+AN    

 = 

AB sin 
OA+AB cos  

    

 = 

Q sin 
P+Q cos  

   ......... ........ ........... (1.9) 

ANB mg‡KvYx wÎfyR n‡Z cvB 

sin  = 

BN
AB   ev, BN = AB sin  

cos  = 

AN
AB   ev, AN = AB cos   

myZivs mgxKiY (1.8) I (1.9) h_vµ‡g jwäi gvb I w`K wb‡`©k K‡i| 

we‡kl †ÿÎ (Special cases): 
(i) hw`  =  0 nq, Zvn‡j †f±i `ywU GKB w`‡K wµqv K‡i, ZLb  = 00 

nq| 

A_v©r `ywU †f±i GKB w`‡K wµqv Ki‡j G‡`i jwäi gvb n‡e †f±iØ‡qi †hvMdj Ges w`K n‡e †f±iØq †hw`‡K 

wµqv K‡i †mw`‡K| 

(ii) hw`  = 900 

nq, Zvn‡j †f±iØq ci¯úi j¤f̂v‡e wµqv K‡i, ZLb  = tan-1(Q
P)| 

(iii) hw`  = 1800 

nq, Zvn‡j †f±i`ywU ci¯úi wecixZw`‡K  wµqv K‡i, ZLb  = 00

| 

jwäi m‡ev©”P Ges me©wb¤œ gvb (Maximum and minimum value of the resultant): 
g‡b Kwi, P


I 

Q


†f±iØq GKB mg‡q †Kv‡bv we›`y‡Z  †Kv‡Y wµqvkxj Av‡Q| †f±i †hv‡Mi mvgvšÍwiK 

myÎvbymv‡i, G‡`i jwäi gvb, R 
= 

2 2P Q 2PQcos       

(i) jwã R


Gi gvb P


I 

Q


Gi ga¨eZx© †Kv‡Yi Dci wbf©i K‡i| R


Gi gvb mev©waK n‡e hLb cos   Gi gvb 

mev©waK n‡e A_v©r cos  = 1 = cos 00  

ev,  = 00
 

 R
max

 
= 

2 2P Q 2PQcos        

 = 

2(P Q)    = (P + Q)   ........ ....... ........ ......... ......... ........ ........... ........ .... (1.10) 
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AZGe `ywU †f±i hLb GKB mij‡iLv eivei ci¯úi GKB w`‡K wµqv K‡i ZLb Zv‡`i jwäi gvb m‡ev©”P n‡e 

Ges GB m‡ev©”P gvb †f±i ivwk `ywUi †hvMd‡ji mgvb| 

(ii) jwä R


Gi gvb me©wb¤œ n‡e hw` cos   Gi gvb me©wb¤œ nq A_v©r cos  = -1 = cos1800 

ev,  = 1800
 

 R
min

 
= 

2 2P Q 2PQcos        

 = 

2(P Q)       

 = (P - Q)   ........ ....... .......... ........... ........... ............ .......... ........... ........... .... (1.11) 

 

AZGe `ywU †f±i hLb GKB mij‡iLv eivei ci¯úi wecixZ w`‡K wµqv K‡i ZLb Zv‡`i jwäi gvb k~b¨ n‡e 

Ges GB jwäi gvb †f±i ivwk `ywUi we‡qvMd‡ji mgvb| 

MvwYwZK D`vniY 2.1:GKRb mvB‡Kj PvjK 6 ms-1 
†e‡M hvevi mgq 5 ms-1 

†e‡M j¤f̂v‡e cwZZ e„wói m¤§yLxb n‡qwQj| mvB‡Kj PvjK KZ †Kv‡Y QvZv 

ai‡j e„wó †_‡K iÿv †cZ? 

mgvavb: g‡b Kwi, e„wói jwä †eM Dj¤ ̂w`‡Ki mv‡_  †KvY Drcbœ K‡i| 

 tan  = 

6
 5 = 1.2 

ev,  = tan-1 1.2 = 50.20

 

myZivs, D³ mvB‡Kj PvjK‡K Dj¤ ̂w`‡Ki mv‡_ D³ †Kv‡Y QvZv ai‡Z n‡e| 

DËi: 50.20

 

 

mvi-ms‡¶c :  

 jwä I Dcvsk: `yB ev Z‡ZvwaK †f±i ivwki †hvMdj‡K jwä Ges ivwk¸‡jv‡K jwäi AskK ev Dcvsk ejv 

nq|  

 wÎfzR m~Î: `ywU †f±i ivwk‡K †Kv‡bv wÎfz‡Ri mwbœwnZ evû Øviv GKB µ‡g gv‡b I w`‡K m~wPZ Kiv n‡j 

wÎf‚‡Ri Z…Zxq evûwU wecixZµ‡g †f±i `ywUi jwä wb‡`©k K‡i| 

 mvgvšÍwiK m~Î: †Kv‡bv mvgvšÍwi‡Ki GKB we›`y n‡Z AswKZ mwbœwnZ evû `ywU hw` †Kv‡bv KYvi Dci GKB 

mg‡q wµqviZ `ywU †f±i ivwki gvb I w`K wb‡ ©̀k Ki, Zvn‡j H we› ỳ n‡Z AswKZ mvgvšÍwi‡Ki KY©B 

jwäi gvb I w`K wb‡`©k K‡i| 

 

 

cv‡VvËi g~j¨vqb-1.2 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| `yB‡qi AwaK †f±‡ii †hv‡Mi †ÿ‡Î †Kvb& m~ÎwU cÖ‡qvM Kiv hvq ? 

 (K) wÎfzR m~Î  (L) mvgvšÍwiK m~Î (M) mvaviY m~Î  (N) eûf‚R m~Î 

2| `ywU mgvb gv‡bi e‡ji jwäi gvb hw` †h †Kv‡bv GKwU e‡ji mgvb nq Zvn‡j ej `ywUi ga¨eZx© †KvY KZ 

n‡e? 

 (K) 00

   (L) 900

   (M) 1200

  (N) 1800

 

evZvm 

 

 

 
mvB‡Kj PvjK  

6 

5 
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 †f±‡ii wefvRb  

Resolution of Vectors 
 

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 GKwU †f±i‡K `ywU j¤ ̂Dcvs‡k wefvRb Ki‡Z cvi‡eb| 

 wÎgvwÎK AvqZ ¯’vbvsK e¨e¯’vq GKwU †f±i‡K cÖKvk Ki‡Z cvi‡eb| 

 Dcvs‡ki mvnv‡h¨ †f±‡ii †hvM I we‡qvM Ki‡Z cvi‡eb| 

 

3.1: j¤v̂s‡ki mvnv‡h¨ †f±i ivwki †hvRb I we‡qvRb (Vectors addititon and subtraction in 
terms of components) : 

mvgvšÍwiK m~‡Îi mvnv‡h¨ GKwU †f±i ivwk‡K wef³ Kiv hvq| GKwU †f±i ivwk‡K `yB ev Z‡ZvwaK †f±i ivwk‡Z 

wef³ Kivi c×wZ‡K †f±i ivwki wefvRb ev we‡kølY ejv nq| GKwU 

†f±i ivwk‡K Gi j¤ ̂Dcvs‡k wef³ Kiv hvq| GB wefvwRZ †f±i 

ivwk¸‡jvi cÖ‡Z¨KwU‡K g~j †f±i ivwkwUi GK GKwU AskK ev  

Dcvsk (Component) ejv nq| 

wPÎvbyhvqx, OB †iLv †f±i R


Gi gvb wb‡`©k K‡i| hw` R


†K 

mg‡Kv‡Y wefvwRZ Kiv nq A_v©r P


 I 

Q


 Dcvsk `ywU ci¯úi 

mg‡Kv‡Y wµqv K‡i, Zvn‡j  +  = 900 
n‡e| myZivs OB Gi mv‡_ 

P


I 

Q


Dcvsk `ywU h_vµ‡g  I  †KvY Drcbœ K‡i| GLb OB †K 

KY© a‡i OABC mvgšÍwiKwU AsKb Kiv nj| 

GLb, AOB mg‡KvYx wÎfzR n‡Z cvB 

cos  = 
OA
OB = 

P
R    ev, P = R cos    ....... ........ ........ ....... .......... ............ .......... ......... (1.12) 

Ges, sin  = 
AB
OB = 

Q
R   ev, Q = R sin    ........ ....... ........ ............. .......... ........ ........... ...(1.13) 

P


I

Q


Dcvsk `ywU‡K g~j †f±i ivwk R


Gi j¤v̂sk ejv nq| P


†K Abyf‚wgK Dcvsk (Horizontal component) 
Ges 

Q


†K Dj¤ ̂Dcvsk (Vertical component)  ejv nq| 

Dcvsk `ywUi †f±i iƒc nj 

P


 = î R cos  Ges 

Q


= ĵR sin  

AZGe, †f±i †hvRb, R


= P


+ 

Q


= î R cos  + ĵR sin   ....... ....... ....... ............ .......... .. (1.14) 

†f±i we‡qvRb, R


= P


- Q


 = î R cos  - ĵR sin   ........ ...... ........ ...... ........... .......... ..... (1.15) 

 

†f±i wefvR‡bi D`vniY: 

1. †bŠKvi ¸Y Uvbv: 

g‡b Kwi, GKwU †bŠKvi O we›`y‡Z ¸Y evuav Av‡Q| ¸Y a‡i †bŠKvwU‡K OR eivei b`xi cvo w`‡q F


 e‡j †U‡b 

†bIqv n‡”Q| 

cvV-1.3 

Q


 

O 

R


 

P


 A 

B  

 
 

wPÎ: 1.12 

C 
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wefvRb c×wZ Øviv O we›`y‡Z F ej‡K Abyf‚wgK Dcvsk I Dj¤ ̂Dcvs‡k wef³ Kiv hvq| 

OA eivei Abyf‚wgK Dcvsk F cos  Ges OB eivei Dj¤ ̂

Dcvsk F sin  wµqvkxj| 

e‡ji AbyfzwgK Dcvsk F cos  †bŠKv‡K mvg‡bi w`‡K GwM‡q 

wb‡q hvq Ges Dj¤ ̂Dcvsk F sin  †bŠKvwU‡K cv‡oi w`‡K †U‡b 

wb‡q hvq| wKš‘ Dj¤ ̂Dcvsk F sin  †K †bŠKvi nvj Øviv cÖkwgZ 

Kiv nq| ¸Y j¤v̂ n‡j  Gi gvb Kg n‡e| d‡j F sin  Gi gvb 

Kg n‡e| G Ae¯’vq F cos  Gi gvb †ekx nq| d‡j †bŠKvwU 

`ªæZ mvg‡bi w`‡K GwM‡q hv‡e| 

 

2. jb-†ivjvi Pvjbv: 

Z‡ji Dci hLb †Kv‡bv e¯‘‡K †Vjv ev Uvbv nq ZLb Zj Ges e¯‘i g‡a¨ GKwU ej wµqvkxj nq, hvi d‡j e¯‘i 

MwZ evavcÖvß nq| e¯‘i IRb †ekx n‡j Nl©Y ejI †ekx nq| †ivjvi‡K †V‡j ev †U‡b MwZkxj Kiv nq| 

 

†Vjvi †ÿ‡Î: g‡b Kwi, †ivjv‡ii IRb = W


 

†ivjv‡ii nvZ‡ji Di cÖhy³ej = F


 

†ivjv‡ii O we›`y‡Z F ej Abyf‚wg‡Ki mv‡_  †Kv‡Y wµqv 

K‡i| [wPÎ 1.14(K)]| O we›`y‡Z GB ej `ywU j¤ ̂Dcvs‡k 

wef³ n‡q hvq| 

 

AbyfzwgK Dcvsk F cos , OB eivei wµqv K‡i 

†ivjvi‡K mvg‡bi w`‡K GwM‡q wb‡q hvq Ges Dj¤ ̂Dcvsk 

F sin , OC eivei wb‡Pi w`‡K wµqv K‡i hvi d‡j 

†ivjv‡ii IRb †e‡o hvq| G Ae¯’vq †ivjv‡ii †gvU IRb 

nq (W+F sin )| d‡j †ivjv‡ii cÖK…Z IR‡bi †P‡q 

fvix n‡q hvq Ges Nl©Y e‡ji gvbI †e‡o hvq| GRb¨ 

†ivjvi †Vjv KóKi| 

Uvbvi †ÿ‡Î: g‡b Kwi, †ivjv‡ii IRb = W


 

†ivjv‡ii nvZ‡ji Dci cÖhy³ej = F


 

†ivjv‡ii O we›`y‡Z F


 ej Abyf‚wgK †iLv, OB Gi mv‡_  †Kv‡Y wµqv Ki‡Q| [wPÎ 1.14(L)]| ej F


Gi `ywU 

j¤ ̂Dcvsk n‡”Q, F cos  = Abyf‚wgK Dcvsk hv †ivjviwU‡K mvg‡bi w`‡K GwM‡q wb‡q hvq Ges F sin  = Dj¤ ̂

Dcvsk, hv †ivjv‡ii Dc‡ii w`‡K OD eivei wµqv K‡i| d‡j †ivjv‡ii †gvU IRb n«vm cvq Ges †ivjv‡ii IRb 

nq (W  F sin )| ZvB Uvbvi mgq †ivjvi nvév Abyf‚Z nq Ges Nl©Y 

ejI n«vm cvq| GRb¨ †ivjvi‡K †Vjv A‡cÿv Uvbv mnRZi| 

 

3.2: wÎgvwÎK AvqZvKvi we¯Ív‡ii †f±‡ii wefvRb (Resolution of 
vector in three dimensional coordinates) : 

†Kv‡bv Ae¯’vb †f±i‡K wÎgvwÎK ¯’vbvsK e¨e¯’vq wb¤œwjwLZ Dcv‡q †jLv hvq 

Ges GB cÖKvk‡K wÎgvwÎK AvqZvKvi we¯Ív‡ii †f±‡ii wefvRb wnmv‡e 

we‡eP¨| 

O 


r   

Y 

P(x,y,z) 

k̂  

N 

Z 

X 

î  

ĵ

Q 

wPÎ: 1.15 

 

F cos  F cos  

F sin  

F 
si

n 
 

wPÎ: 1.14 

F 

F 

 
wPÎ: 1.13 

F 
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r = î x + ĵy + k̂ z; GLv‡b Gi Ae¯’vb ¯’vbvsK (x, y, z)| 

g‡b Kwi, X, Y, Z Aÿ eivei Ges OX, OY, OZ mij‡iLv wZbwU ci¯úi mg‡Kv‡Y Aew¯’Z| wÎgvwÎK e¨e¯’vq 

OP †iLvwU GKwU †f±i ivwk r  wb‡`©k Ki‡Q| 

Avevi, aiv hvK, OP


†f±‡ii kxl©we›`y P Gi ¯’vbvsK (x, y, z) Ges î , ĵ, k̂ GKK †f±i ivwk¸‡jv abvZœK X, Y, 
Z Aÿ eivei wµqv K‡i| PN †iLvwU XY mgZ‡ji Dci Ges NQ †iLvwU n‡jv OX Gi Dci j¤|̂ 

wPÎvbyhvqx, †f±i †hv‡Mi wÎfzR m~Î e¨envi K‡i cvB,  

OP


 = ON


 +  NP


 Ges ON


 = OQ


 +  QN


 

 OP


 =   OQ


 +  QN


  + NP


 

Avevi, 

OQ


= î x,  QN


= ĵy,  NP


 = k̂ z  Ges OP


 = r  

 r = î x + ĵy + k̂ z  ........ ....... ........ ...... ....... .......... .......... ............ ........... ....... ....(1.16) 

GLv‡b x, y, z n‡jv h_vµ‡g X, Y I Z Aÿ eivei r †f±‡ii Dcvs‡ki gvb| 

 

†f±‡ii gvb: 

wPÎ 1.15 Abyhvqx OPN Ges OQN mg‡KvYx wÎfzRØq n‡Z cvB, 

OP
2
 = ON

2
 + NP

2
 Ges ON

2
 = OQ

2
 + QN

2
 

 OP
2
 =  OQ

2
 +  QN

2
 + NP

2 
= x

2
 + y

2
 + z

2 

 r = 

2 2 2x y z    ........ ....... ....... ...... .......... .............. ............. ............ ......... ... (1.17) 

 

r  eivei mgvšÍivj  GKK †f±i ivwk‡K wb¤œiƒcfv‡e cÖKvk Kiv hvq| 

| r |= 


r  

r   = 


r  

r  = 
2 2 2

ˆ ˆ ˆi j  + k 

x y z

x y z

 


 ....... ........ .......... ............ ............. .............. .......... (1.18) 

 

3.3: Dcvs‡ki mvnv‡h¨ †f±i ivwki †hvRb I we‡qvRb : 

aiv hvK, A


I B


 `ywU mgRvZxq †f±i|  

A


= Ax î  +Ay ĵ + Az k̂    

Ges B


= Bx î  + By ĵ + Bz k̂    
 

†f±i ivwki †hvR‡bi †ÿ‡Î,  A


+ B


 = Ax î  +Ay ĵ + Az k̂  + Bx î  + By ĵ + Bz k̂    

 = (Ax + Bx) î  + (Ay + By) ĵ + (Az + Bz) k̂   

| A


+ B


|= 2 2 2       ( ) ( ) ( )x x y y z zA B A B A B    
 

Abyiƒcfv‡e we‡qvR‡bi †ÿ‡Î, 
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| A


- B


|= 2 2 2       ( ) ( ) ( )x x y y z zA B A B A B       
 

 

mvi-ms‡¶c :  

 †f±i ivwki wefvRb I Dcvsk: GKwU †f±i ivwk‡K ỳB ev Z‡ZvwaK †f±i ivwk‡Z wef³ Kivi cÖwµqv‡K 

†f±i ivwki wefvRb ev we‡kølY ejv nq| GB wefvwRZ †f±i ivwk¸‡jvi cÖ‡Z¨KwU‡K g~j †f±i ivwki GK 

GKwU Dcvsk ev AskK ejv nq| 
 

 

cv‡VvËi g~j¨vqb-1.3 

 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

 

1| jb †ivjv‡ii †ÿ‡Î cÖ‡qvR¨- 

i. †Vjvi mgq Gi IRb †e‡o hvq| 

ii. Uvbvi mgq Gi IRb n«vm cvq| 

iii. †Vjv A‡cÿv Uvbv KwVb| 

wb‡Pi †Kvb&wU mwVK? 

 (K) i I ii     (L) ii I iii   
 (M) i I iii   (N) i, ii I iii  

 

2| †f±i wefvR‡bi †ÿ‡Î Dcvsk¸‡jvi jwä n‡”Q- 

 (K) AvswkK †f±i    (L) g~j †f±i   

 (M) jwä Dcvsk    (N) jwä †f±i   
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 †f±‡ii ¸Yb 

Multiplication of Vector 

 

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 `ywU †f±i ivwki †¯‹jvi ¸Yb e¨vL¨v Ki‡Z cvi‡eb| 

 `ywU †f±i ivwki †f±i ¸Yb e¨vL¨v Ki‡Z cvi‡eb| 

 

4.1: †f±i ¸Y‡bi cÖKvi‡f` (Classification of vector multiplication): 

wKQz wbw`©ó wbqg AbymiY K‡i †f±i ¸Yb Ki‡Z nq| †f±i ¸Yb `yB cÖKvi| h_v: 

1. †¯‹jvi ¸Yb ev WU ¸Yb Ges  

2. †f±i ¸Yb ev µm ¸Yb| 

1. †¯‹jvi ¸Yb ev WU ¸Yb (Scalar or Dot product): Ò`ywU †f±i ivwki GKwU †¯‹jvi ¸Ydj GKwU †¯‹jvi 

ivwk n‡e hvi gvb ivwk `ywUi gvb Ges G‡`i ga¨eZx© †Kv‡Yi 

†KvmvB‡bi ¸Yd‡ji mgvb|Ó 

`ywU †f±i ivwki gv‡bi ¸Yd‡ji mv‡_ Zv‡`i ga¨eZx© †Kv‡Yi 

†KvmvB‡bi ¸Ydj‡K †¯‹jvi ¸Ydj ev WU ¸Ydj e‡j| `ywU †f±i 

ivwki g‡a¨ WU (.) wPý w`‡q WU ¸bdj cÖKvk Ki‡Z nq| 

 

e¨vL¨v: 

g‡b Kwi, P


I Q


 †f±i ivwkØq OA I OB mij‡iLv eivei wµqv 

Ki‡Q| 

myZivs, OA I OB mij‡iLv `ywU †f±i ivwk `ywUi gvb I w`K wb‡`©k 

Ki‡Q Ges G‡`i ga¨eZx© †KvY | Zv‡`i †¯‹jvi ev WU ¸Ydj = 

P


. Q


 Øviv wb‡`©k Kiv nq| 

msÁvbymv‡i Avgiv wjL‡Z cvwi, 

P


. Q


= | P


||Q


| cos  = PQ cos  = QP cos   ...... ...... ....... ...... (1.19);  †hLv‡b      | 

Q cos n‡”Q P


Gi w`‡K 

Q


Gi Dcvsk ev P


Gi Dci 

Q


Gi j¤ ̂Awf‡ÿc| GKBfv‡e Q


Gi w`‡K P


Gi 

Dcvsk n‡”Q P cos | 

 P


. Q


 =  PQ cos  = Q(P cos )  
 

mgxKiY (1.19) n‡Z †`Lv hvq †h, `ywU ‡f±i ivwki †¯‹jvi ¸Ydj GKwU †¯‹jvi ivwk| 

AZGe, †h †Kv‡bv `ywU †f±‡ii †¯‹jvi ¸Ydj ej‡Z eySvq †h †Kv‡bv GKwU †f±‡ii gvb Ges †mB †f±iwUi w`‡K 

Aci †f±iwUi Dcvsk ev †mB ‡f±iwUi Dci Aci †f±‡ii j¤ ̂Awf‡ÿ‡ci ¸Ydj| 

D‡jøL¨ †h, P


. Q


=  PQ cos  = PQ cos  = QP cos  

cvV-1.4 

 
O A 

B 

P cos 
  

Q cos 
  


P   


Q   

wPÎ: 1.16 
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we‡kl `ªóe¨: 

K) hLb  = 00

, ZLb P


. Q


=  PQ cos 00 = PQ| G‡ÿ‡Î †f±i `ywU ci¯úi mgvšÍivj| 

L) hLb  = 900

, ZLb P


. Q


=  PQ cos 900 = 0| G‡ÿ‡Î †f±i `ywU ci¯úi j¤ ̂nq| 

M) hLb  = 1800

, ZLb P


. Q


=  PQ cos 1800 = -PQ| G‡ÿ‡Î †f±i `ywU ci¯úi mgvšÍivj Ges 

wecixZgyLx n‡e| 

 

†¯‹jvi ¸Y‡bi D`vniY: 

aiv hvK, F


 ej GKwU e¯‘i Dci wµqv Kivi d‡j e‡ji Awfgy‡L S miY NUj| ej F


Ges miY S


 Df‡qB 

†f±i ivwk| myZivs, GB ivwk `yBwUi †¯‹jvi ¸Ydj KvR, W GKwU †¯‹jvi ivwk| 

W = F
 . S


= FS cos   ........ ....... ....... ...... ........... .............. ............ .......... .......... ......(1.20) 

 

†¯‹jvi ¸Y‡bi wbqgvejx: 

i) P


. Q


= Q


. P


  

ii) P


. Q


=  PQ cos 900 = 0;  

A_v©r, `ywU †f±‡ii WU ev †¯‹jvi ¸Yb k~b¨ n‡j †f±iØq ci¯úi j¤ ̂

n‡e| 

iii) î . î =  11 cos 00 =  111= 1;  

GKBfv‡e, 

ĵ. ĵ=  1 Ges k̂ . k̂ =  1 

 î . î = ĵ. ĵ= k̂ . k̂ =  1 

iv) î . ĵ=  11 cos 900 =  110= 0;  [ î I 

ĵ
ci¯úi j¤]̂ 

GKBfv‡e, 

ĵ. k̂ =  0 Ges k̂ . î = 0 

 î . ĵ = ĵ. k̂ = k̂ . î =  0 
 

2. †f±i ¸Yb ev µm ¸Yb (Vector product or Cross Product) 

hw` `ywU †f±i ivwki ¸Ydj GKwU †f±i ivwk nq Z‡e H ¸Yb‡K †f±i 

¸Yb ev µm ¸Yb ejv nq| GB †f±i ¸Yd‡ji gvb †f±i ivwk `ywUi gvb 

Ges Zv‡`i ga¨eZx© †Kv‡Yi mvBb (sine) Gi ¸Yd‡ji mgvb| G †f±i 

¸Yd‡ji w`K Wvb nvwZ ¯Œz wbqg 

Øviv wbav©wiZ nq| 

e¨vL¨v: g‡b Kwi, O we›`y‡Z `ywU 

†f±i ivwk P


 I Q


ci¯ú‡ii 

mv‡_  †Kv‡Y wµqv Ki‡Q| 

Y 

k̂  

Z 

X 

î  

ĵ

wPÎ: 1.17 

 O P


 

Q


 

R


=Q

P


 

̂  

wPÎ: 1.18 (L) 
 

O 
P


 

Q


 

R


= P

Q


 

̂  

wPÎ: 1.18 (K) 
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myZivs msÁvbymv‡i, G‡`i †f±i ¸Ydj ev µm ¸Ydj n‡e 

    R


= P

Q


= ̂ | P


|Q


|sin ; †hLv‡b       

ev, R


= P

Q


= ̂PQ sin  ....... ....... ....... ........... .......... ........... .............. .......... .....(1.21) 

GLv‡b, 

̂
 (BUv) nj GKwU GKK †f±i hv R


Gi w`K wb‡`©k K‡i| 

 

Wvb nvwZ ¯Œz wbqg: 

†f±i ivwk `ywU †h mgZ‡j Aew¯ÍZ †mB mgZ‡ji Dci j¤f̂v‡e GKwU Wvb nvwZ ¯Œz‡K †i‡L ¯ŒzwU‡K cÖ_g †f±i 

n‡Z wØZxq †f±‡ii w`‡K ÿz`ªZg †Kv‡Y Nyiv‡j ¯ŒzwU †h w`‡K AMÖmi nq †mB w`KB n‡e 

̂
 Gi w`K| 

 

 

 

 

 

 

 

 

Dc‡ivwjøwLZ wbqgvbymv‡i, P

Q


Gi AwfgyL n‡e Dc‡ii w`‡K [wPÎ: 1.19 (K)] Ges Q

P


Gi AwfgyL n‡e 

wb‡Pi w`‡K [wPÎ: 1.19 (L)]| cÖ_g †ÿ‡Î A_v©r P

Q


Gi †ÿ‡Î Wvb nvwZ ¯Œzi AwfgyL n‡e Nwoi KvuUvi wecixZ 

gyLx (Anti-clockwise) Ges Q

P


 Gi †ÿ‡Î ¯Œzi w`K n‡e Nwoi KvuUvi w`K (Clock-wise)| c`v_©weÁv‡b 

Anti-clockwise direction †K abvZœK (positive) Ges Clockwise direction †K FYvZœK (negative) aiv 

nq| 

we‡kl `ªóe¨: P


 

K) hLb  = 00

, ZLb R


= P

Q


= ̂PQ sin 00 = 0| G‡ÿ‡Î †f±i `ywU ci¯úi mgvšÍivj nq| 

L) hLb  = 900

, ZLb R


= P

Q


= ̂PQ sin 900= 
PQ| G‡ÿ‡Î †f±i `ywU ci¯úi j¤ ̂nq| 

M) hLb  = 1800

, ZLb R


= P

Q


= ̂PQ sin1800 = 
-PQ| G‡ÿ‡Î †f±i `ywU ci¯úi mgvšÍivj Ges wecixZgyLx 

n‡e| 

`„óvšÍ: 

aiv hvK, P


 I Q


†f±iØq ci¯ú‡ii mv‡_ O we›`y‡Z  

†Kv‡Y wµqvkxj| OA


= P


 Ges OC


= Q


| GLb OABC 
mvgvšÍwi‡Ki C we›`y n‡Z OA Gi Dci CD j¤ ̂Uvwb| 

mvgvšÍwi‡Ki †ÿÎdj = OA  CD = OA  OC sin   = PQ sin  = | P

Q


| 

 

Q


 

O P
  A 

B C 

O 

wPÎ: 1.20 

Q


 

O 

R


= P

Q


 

P


 
A 

B C 

 

wPÎ: 1.19 (K) 

- R


= P

Q


 

 

Q


 

O P


 
A 

B C 

wPÎ: 1.19 (L) 
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AZGe, mvgvšÍwi‡Ki †ÿÎdj `ywU †f±‡ii µm ¸Yd‡ji gv‡bi mgvb| 

†f±i ¸Y‡bi wbqgvejx: 

i) P

Q


= -( Q

P


) 

ii) î  î =  11 sin 00 =  110= 0;  
GKBfv‡e, 

ĵ ĵ=  0 Ges k̂  k̂ =  0 

 î  î = ĵ ĵ= k̂  k̂ =  0 
iii) î  ĵ=  ̂11 sin 900 =  ̂111= ̂ ;  [ î I 

ĵ
ci¯úi j¤]̂ 

GLv‡b, 

̂  = k̂   î  ĵ= k̂  
GKBfv‡e, 

ĵ k̂ = î  Ges k̂  î = ĵ
  î  ĵ= k̂ , ĵ k̂ = î  Ges k̂  î = ĵ

 

 

MvwYwZK D`vniY 4.1| A
 = 2 î  + 3 ĵ + 4 k̂ Ges B

 = p î  + 6 ĵ - 8 k̂ | p Gi gvb KZ n‡j †f±iØq ci¯úi 

j¤ ̂n‡e? 

mgvavb: †`Iqv Av‡Q, 

 A
 = 2 î  + 3 ĵ + 4 k̂  Ges B

 = p î  + 6 ĵ - 8 k̂  
hw` A


I B


ci¯úi j¤ ̂nq, Zvn‡j A


. B


= 0 

A_v©r, (2 î  + 3 ĵ + 4 k̂ ). (p î  + 6 ĵ - 8 k̂ ) = 0 
ev, 2p( î . î ) + 18( ĵ. ĵ) -32 ( k̂ . k̂ ) = 0 
ev, 2p + 18 -32 = 0 
ev, 2p = 14 

ev, p = 7 p = 7 
DËi: 7 
 

 

mvi-ms‡¶c :  

 †f±i ev µm ¸Yb: `ywU †f±i ivwki ¸Ydj hw` GKwU †f±i ivwk nq Z‡e H ¸Yb‡K †f±i ¸Yb ev µm 

¸Yb e‡j| G †f±‡ii ¸Yd‡ji gvb †f±i ivwk `ywUi gvb Ges Zv‡`i ga¨eZx© †Kv‡bi mvBb (sine) Gi 

¸Yd‡ji mgvb| †f±i ¸jd‡ji w`K WvbnvwZ ¯Œy wbq‡g wbY©q Kiv nq|  

 †¯‹jvi ev WU ¸Yb: ỳwU †f±i ivwki †¯‹jvi ¸Ydj GKwU †¯‹jvi ivwk n‡e hvi gvb ivwk `ywUi gv‡bi 

¸Yd‡ji mv‡_ Zv‡`i ga¨eZx© †Kv‡bi †KvmvB‡bi (cosine) Gi ¸Yd‡ji mgvb|  

 †¯‹jvi ¸Y‡bi wbqgvbymv‡i: î . î = ĵ. ĵ= k̂ . k̂ = 1 
 †f±i ¸Y‡bi wbqgvbymv‡i: î  î = ĵ ĵ= k̂  k̂ = 0 

 

 

cv‡VvËi g~j¨vqb-1.4 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| †Kvb& wbqgwU cÖ‡qvM K‡i †f±‡ii w`K cvIqv hvq ? 

 (K) †d¬wgs Gi evgn¯Í wbqg (L) †d¬wgs Gi `wÿYn¯Í wbqg 

 (M) WvbnvwZ ¯Œz wbqg   (N) evgnvwZ ¯Œz wbqg 

2| P


I 

Q


 †f±i hw` ci¯úi j¤̂ nq, Zvn‡j jwä R


= KZ ? 
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 (K) PQ  (L) 0  (M) -PQ  (N) -( P

Q


) 

 

K¨vjKzjvm 

Calculas 
 

 

D‡Ïk¨ 

 

G cvV †k‡l Avcwb-  

 c`v_©weÁv‡b K¨vjKzjv‡mi ¸iæZ¡ I e¨envi eY©bv Ki‡Z cvi‡eb| 

 AšÍixKiY I †hvMRxKiY e¨vL¨v Ki‡Z cvi‡eb| 

 †f±i K¨vjKzjv‡mi aviYv e¨vL¨v Ki‡Z cvi‡eb| 

 

4.1: c`v_©weÁv‡b K¨vjKzjv‡mi e¨envi I ¸iæZ¡: 

AvaywbK c`v_©weÁv‡bi MvwYwZK Aa¨qb n‡jv K¨vjKzjvm| c`v_©weÁv‡b K¨vjKzjv‡mi ¸iæZ¡ 

Acwinvh©| Pjgvb †Kv‡bv AcwieZx© ivwk‡K ÿz`ª ÿz`ª As‡k fvM Kiv hvq| A‡bK ev¯Íe cÖwµqv 

†Wwi‡fwUfm (derivative) Gi mvnv‡h¨ e¨vL¨v Kiv hvq| KwZcq ¸iæZ¡c~Y© welq we‡køl‡Yi Rb¨ time derivative 

m¤ú‡K© aviYv _vKv cÖ‡qvRb| †Kv‡bv KYv †Kv‡bv wbw`©ó w`‡K †h `~iZ¡ AwZµg K‡i, †m ÿz`ªvwZÿz`ª `~iZ¡ Ges 

mg‡qi AbycvZ n‡”Q †eM| A_v©r †eM e¯‘i mi‡Yi time derivative| wbDUbxq c`v_©we`¨vq e¯‘i Ae¯’v‡bi time 
derivative Gi avibv LyeB ¸iæZ¡c~Y©| GKBfv‡e Z¡iY e¯‘i †e‡Mi time derivative| 

†eM, Z¡iY, g›`b, ej, eµ‡iLvi Xvj BZ¨vw` wnmv‡ei Rb¨ wWdv‡iwÝqvj K¨vjKzjvm e¨envi Kiv nq Ges AvqZb, 

†ÿÎdj, KvR, Pvc BZ¨vw` Bw›UMÖvj K¨vjKzjv‡mi mvnv‡h¨ wnmve Kiv nq| GQvov c`v_©weÁv‡bi ¸iæZ¡c~Y© †ÿÎ 

†hgb KwVb e¯‘i ejwe`¨v, Zwor I †PŠ¤K̂ †ÿÎ, †Kvqv›Uvg ejwe`¨v, Av‡cwÿK ZË¡ BZ¨vw` we‡kølY Kivi Rb¨ 

K¨vjKzjv‡mi we‡kl cÖ‡qvRb i‡q‡Q| 

 

wWdv‡iwÝqvj K¨vjKzjvm  (Differental Calculas): 
aiv hvK, GKwU mij‡iLvi Dci †Kv‡bv e¯‘ Pjgvb Av‡Q, †Kv‡bv mg‡q mij‡iLvwUi Dci e¯‘i Ae¯’vb  

x(t) = 9t2 + 7t +5 

myZivs e¯‘i †eM, v = 
dx(t)

dt   

  = 
d
dt (9t2 + 7t +5) 

  = 18t +7 

 

Ges Z¡iY,      a = 
dv
dt   

  = 
d
dt (18t +7) 

  = 18 

wbDU‡bi MwZi wØZxq m~ÎwU‡K wWdv‡iwÝqvj (e¨eKjbxq) mgxKi‡Yi mvnv‡h¨ wb‡¤œv³fv‡e cÖKvk Kiv hvq, 

 F = ma = m
dv
dt    = m 

d
dt 

.dx(t)
dt   

 = m 
d2x
dt2  

 = m x  

cvV-1.5 
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Bw›UMÖvj K¨vjKzjvm  (Integral Calculas): 
aiv hvK, AB GKwU mij‡iLv hvi ‰`N ©̈ AB=S| mij‡iLvwU‡K AmsL¨ ÿz`ª ÿz`ª As‡k wef³ Kiv nj| cÖ‡Z¨KwU 

ÿz`ªZg As‡ki ˆ`N©̈  mgvb| awi, Giƒc GKwU ÿz`ªZg As‡ki 

ˆ`‡N©̈ i gvb ds| 

AZGe Giƒc AmsL¨ ÿz`ª As‡ki mgwó n‡”Q s| 

 ds = s   ........... .......... ................ ..........(1.22) 
GLv‡b "" wPýwU Øviv mgwóKiY ev †hvMRxKiY eySvq| 

mgxKiY (1.22) †K wb¤œiƒ‡c cÖKvk Kiv hvq- 

∫ ds = s   ........... .......... ..........  ............ ......... ............. ......... ......... ......... ........ ...... ......(1.23) 
GLv‡b ∫. cÖwZKwU Øviv mgvKjb ev †hvMRxKiY eySvq| e¨eKjb ev AšÍixKiY Ges mgvKjb ev †hvMRxKiY 

ci¯úi wecixZ cÖwµqv| 

 

D`vniY: Bw›UMÖvj K¨vjKzjv‡mi mvnv‡h¨ KvR wbY©q: 

aiv hvK, †Kv‡bv GKwU e¯‘i Dci X Aÿ eivei GKwU cwieZ©bkxj ej, F wµqvkxj Av‡Q| GB e‡ji gvb, 

e¯‘wUi AwZµvšÍ `~iZ¡ x Gi Dci wbf©i K‡i A_v©r F, x Gi GKwU A‡cÿK| wP‡Î, x Gi wewfbœ gv‡bi Rb¨ F Gi 

gv‡bi cwieZ©b †jLwP‡Îi gva¨‡g †`Lv‡bv nj| 

†gvU miY‡K N msL¨K mgvb As‡k wef³ Kiv n‡jv| 

aiv hvK, cÖwZwU ÿz`ª As‡ki gvb ∆x| xi †_‡K xi+∆x 

ch©šÍ miY n‡”Q ∆x| ∆x cwigvY ÿz`ª miYKv‡j e‡ji 

gvb cÖvq aªæe _v‡K Ges GB e‡ji gvb F1| myZivs, F1 
ej Øviv m¤úbœ KvR, ∆W1 = F1∆x 
 

Abyiƒcfv‡e, xi+∆x †_‡K xi+2∆x ch©šÍ miY n‡”Q ∆x 

Ges GB As‡k ÿz`ª e‡ji gvb F2| myZivs GB ej Øviv 

K…Z KvR, ∆W2 = F2∆x 

 

AZGe e¯‘wU‡K xi †_‡K xf ch©šÍ miY NUv‡Z K…Z KvR,      
W = ∆W1 + ∆W2 + ∆W3+...............+ ∆WN 

 = F1∆x + F2∆x + F3∆x +...............+ FN∆x 

 = 


N

k 1

Fk∆x ...... ..... .......... ..........  ............ ........ .......... ............. ............. ....... .....(1.24) 

 

∆x hZ ÿz`ª n‡e A_v©r N Gi gvb hZ †ekx n‡e wnmveK…Z Kv‡Ri gvb ZZ mwVK cvIqv hv‡e| ∆x †K k~b¨ Ges 

N †K Amxg a‡i F(x)  Øviv K…Z Kv‡Ri mwVK gvb wnmve Ki‡Z cvwi| GB Ae¯’vq, 

W =
x 0

lim
 

 


N

k 1

Fk∆x .......... ..........  ............ .......... ......... ......... ...... ............. ........ ........ ...(1.25) 

wKš‘ K¨vjKzjv‡mi gva¨‡g (1.25) †K †jLv hvq, 

W  =  F d
f

i

x
x x x  .......... ..........  ............ ......... ............ ........ ............ ........... ......... ...... ....(1.26) 

A ds B 

s 

wPÎ: 1.21 

F 

O X 

F(x) 

xi+∆x xi ∆x xf 

wPÎ: 1.22 
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hv Øviv xi †_‡K xf ch©šÍ x Gi †hvMRxKiY eySvq| 

5.2: †f±i K¨vjKzjvm (Vector Calculas): 

†f±i K¨vjKzjvm `yB cÖKvi| 

K) †f±i AšÍixKiY (Vector Differentiation) 
L) †f±i †hvMRxKiY (Vector Integration) 

K) †f±i AšÍixKiY (Vector Differentiation): aiv hvK, R


(t) GKwU †f±i hv mgq t Gi Dci wbf©ikxj| 

myZivs R , t Gi A‡cÿK|  

wPÎvbyhvqx, AB


 = R


 (t), AC


 = R


 (t+∆t) 
Ges BC


 = ∆R


 

 

Zvn‡j ∆t mg‡q R


 (t) Gi cwieZ©b n‡e 

∆R


 = R


(t+∆t) - R


(t) .......... ..........  ........ ......(1.27) 

 

mgq mv‡c‡ÿ R


 (t) Gi cwieZ©‡bi nvi 

t
R R(t + t) -R(t)

t








  

 

mg‡qi cwieZ©b AwZ ÿz`ª n‡j t Gi mv‡c‡ÿ R


 (t) Gi 

cwieZ©‡bi nvi †jLv hvq 

0 0

d
lim lim

dt t
R R R(t + t) -R(t)

tt t   


 





   

 

.......... ..........  ........ .......... ..... ...... .......... .......  .........(1.28) 

 

d R


dt  n‡”Q t Gi ÿz`ª cwieZ©‡bi Rb¨ t Gi mv‡c‡ÿ R


Gi cwieZ©‡bi nvi| G‡K †f±‡ii mgq mv‡c‡ÿ 

AšÍixKiYI ejv nq| 

AZGe, 

d R


dt  Gi gvb wbY©‡qi cÖwµqv‡K AšÍixKiY ev e¨eKjb ejv nq| 

d
dt †K R


Gi AšÍiK mnM 

(differential coefficient) e‡j| 

GLv‡b R


GKwU †f±i ivwk Ges t GKwU †¯‹jvi ivwk| †Kv‡bv †¯‹jvi ivwki mv‡c‡ÿ †f±i ivwki AšÍixKiY 

†f±i ivwk nq Ges †¯‹jvi ivwki AšÍixKiY †¯‹jvi ivwk n‡e| 

hw` R


†K Dcvs‡ki gva¨‡g cÖKvk Kiv nq Zvn‡j, 

R


= î Rx + ĵRy + k̂ Rz .......... ..........  ............ .......... ............ ............. ............ ........ ...........(1.29) 

GLv‡b Rx, Ry, Rz n‡jv X, Y, I Z A‡ÿi w`‡K R


†f±‡ii gvb wb‡`©k K‡i| Rx, Ry, Rz Dcvsk¸‡jv n‡jv 

mgq, t Gi A‡cÿK| wKš‘ î , ĵ I k̂  aªæeK Ges mg‡qi mv‡c‡ÿ G‡`i †Kv‡bv cwieZ©b nq bv| myZivs R


†K 

Dcvs‡k cÖKvk Ki‡j Gi AšÍixKiY n‡e,  

d R


dt  = î
dRx
dt  + 

ĵ
dRy
dt  + k̂

dRz
dt  ....... ..........  ............ ......... .......... ............ ............ .................(1.30) 

R


(t+∆t) ∆R


 

R


(t) A 

C 

B 

wPÎ: 1.23 
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†f±i mgvKjb ev †hvMRxKiY (Vector Integration): 

aiv hvK, R


(u) GKwU †f±i ivwk| 

 R


(u) = î R1(u) + ĵR2(u) + k̂ R3(u) ; GKwU †f±i hv †¯‹jvi ivwk u Gi A‡cÿK  

A_v©r R


 = R


(u)  

GLb, ∫ R


(u)du = î ∫ R1(u)du + ĵ∫ R2(u)du + k̂ ∫R3(u)du ‡K R


(u) Gi Awbw`ó© †hvMRxKiY 

(indefinite integral) ejv nq| 

Avevi, hw` Ggb GKwU †f±i S


 (u) aiv nq †hLv‡b R


 (u) = d
du [S


(u)] du,  

Zvn‡j ∫ R


(u)du = ∫ S


(u)du = S


(u) + C ; †hLv‡b C GKwU †hvMRxKiY aªæeK  

A_v©r C


= î C1 + ĵC2 + k̂ C3  

u Gi gvb a n‡Z b mxgvi g‡a¨ n‡j ∫ R


(u)du †jLv hvq, 

b b b

a
a a

S( )  = 
d

(u)d S( ) S( ) Su u du u b a
d

( )
u

R          
   

... ......... .......... ............ ............ ..........(1.31)

 

 

5.3: †f±i Acv‡iUi (vector operator): 
Acv‡iUi Gi AvwfavwbK A_© nj PvjK ev msNUK| wKš‘ c`v_©weÁvb Z_v weÁv‡b Acv‡iUi n‡”Q GK ai‡Yi 

ms‡KZ ev cÖZxK| Gi wbR¯ ̂†Kvb gvb †bB wKš‘ Gi mvnv‡h¨ wewfbœ RwUj welq we‡kølY Ges mgvavb Kiv hvq| 

†hgb eM© (2), Nb (3), eM©g~j (√), sin, cos, log BZ¨vw`| Z‡e Giv hLb Ab¨ †Kv‡bv ivwki mv‡_ hy³ nq ZLb 

GKwU wbw`©ó gvb enb K‡i| †hgb 22=4, 32=9, √16 =4, cos 600=0.5 BZ¨vw`| 

A_v©r †h MvwYwZK wP‡ýi e¨envi K‡i †Kv‡bv ivwki gvb cvIqv hvq ev †Kv‡bv cwieZ©bkxj ivwki we‡kølY Kiv 

hvq, Zv‡K Acv‡iUi ejv nq| 

t Gi mv‡c‡ÿ AšÍixKiY Kiv n‡j 

d
dt  †jLv nq; Zvn‡j 

d
dt GKwU Acv‡iUi| Gfv‡e x Gi mv‡c‡ÿ 

d
dx BZ¨vw`| 

†f±i K¨vjKzjv‡m Acv‡iUi "


" wPý Øviv cÖKvk Kiv nq Ges G‡K Ô†WjÕ D”PviY Kiv nq| Dcvs‡ki mvnv‡h¨ 

G‡K wb¤œiƒcfv‡e cÖKvk Kiv nq| 




 = î

x + 

ĵ

y+ k̂


z....... ..........  ............ ......... .......... ........... .............. .......... ......(1.32) 




 †K b¨vejv bv‡gI AwfwnZ Kiv nq| 




†K †f±i wWdv‡iwÝqvj Acv‡iUi ejv nq| 

mvaviY †f±‡ii gZ Gi †f±i ag© i‡q‡Q| 




.


 = ( î

x + 

ĵ

y+ k̂


z). ( î


x + 

ĵ

y+ k̂


z) 

 = 

2

x2 + 

2

y2 + 

2

z2; GwU GKwU †¯‹jvi ivwk| 
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5.4: †¯‹jvi †ÿÎ I †f±i †ÿÎ (Scalar field and vector field): 
hw` GKwU †ÿÎ we‡ePbv Kiv nq, Zvn‡j †ÿ‡Îi cÖwZwU we›`yi mv‡_ wKQz †fŠZ ¸Yvejx _v‡K| †ÿ‡Îi mv‡_ †fŠZ 

¸Y hw` †¯‹jvi nq, Z‡e H †ÿÎ‡K †¯‹jvi †ÿÎ ejv nq| †hgb NbZ¡, ZvcgvÎv, KvR BZ¨vw` †¯‹jvi †ÿÎ| 

Avevi †ÿ‡Îi mv‡_ mswkøó †fŠZ ¸Y hw` †f±i nq, Z‡e H †ÿÎ‡K †f±i †ÿÎ ejv nq| †hgb ej, †eM, gnvKl©, 

cÖvej¨ BZ¨vw` †f±i †ÿÎ| 

 

5.5: †f±i Acv‡iUi e¨envi (Uses of vector operator): 
†f±i Acv‡iU‡ii mvnv‡h¨ wZbwU ivwk ˆZix Kiv nq †h¸‡jv c`v_©weÁv‡bi wewfbœ m~Î I ZË¡ e¨vL¨v Ki‡Z LyeB 

cÖ‡qvRb nq| G¸‡jv n‡jv MÖ̈ vwW‡q›U (Gradient), WvBfvi‡RÝ (Divergence) Ges Kvj© (Curl)| 

MÖ̈ vwW‡q›U (Gradient): †f±i wWdv‡iwÝqvj Acv‡iUi


Gi mv‡_ †K‡bv †¯‹jvi ivwki ¸Ydj‡K MÖ̈ vwW‡q›U 

(Gradient) e‡j| 

aiv hvK,  (x, y, z) GKwU †¯‹jvi ivwk| Zvn‡j  Gi Mª̈ vwW‡q›U‡K 

 Øviv cÖKvk Kiv nq| 

A_v©r, grad  = 

 = ( î


x + 

ĵ

y+ k̂


z).  = î


x + 

ĵ

y+ k̂


z 

 

Mª̈ vwW‡q›U Gi †fŠZ Zvrch© (Physical Significances of gradient): 
(i) †¯‹jvi ivwki Mª̈ vwW‡q›U GKwU †f±i ivwk| 

(ii) D³ †f±i ivwki gvb H †¯‹jvi ivwki mev©waK e„w×i nv‡ii mgvb| 

(iii) †¯‹jvi ivwki cwieZ©b ïay we›`yi ¯’vbv‡¼i Dci wbf©i K‡i bv, eis †hw`‡K Gi cwieZ©b †`Lv‡bv nq 

†mw`‡Ki Dc‡iI wbf©i K‡i| 

WvBfvi‡RÝ (Divergence): †f±i wWdv‡iwÝqvj Acv‡iUi, 


 Gi mv‡_ Ab¨ †Kv‡bv †f±i ivwki †¯‹jvi ev WU 

¸bdj‡K WvBfvi‡RÝ e‡j| 

aiv hvK, V


 GKwU †f±i ivwk, Zvn‡j WvBfvi‡RÝ‡K 


. V


 ev div. V


wj‡L cÖKvk Kiv hvq| 

MvwYwZKfv‡e †jLv hvq, 




. V


 = ( î

x + 

ĵ

y+ k̂


z). ( î Vx + ĵVy + k̂ Vz ) 

 = Vx

x  + 

Vy

y  + 

Vz

z  ; hv GKwU †¯‹jvi ivwk| 

 

WvBfvi‡R‡Ýi †fŠZ ag©: 

(i) WvBfvi‡RÝ GKwU †f±i ivwk hv Øviv GKK AvqZ‡b GB †f±i ivwki †gvU KZUzKz d¬v· †Kv‡bv we›`y w`‡q 

AwfgyLx ev AcmvwiZ n‡”Q Zv cÖKvk K‡i| 


. V


 ev div. V


 Øviv GKK mg‡q †Kv‡bv Zij c`v‡_©i GKK 

AvqZ‡b Nb‡Z¡i cwieZ©‡bi nvi eySvq| 

(ii) gvb abvZœK n‡j Zij c`v‡_©i AvqZb e„w× cvq, Nb‡Z¡i n«vm N‡U| 

(iii) gvb FYvZœK n‡j AvqZ‡bi ms‡KvPb N‡U, NbZ¡ e„w× cvq| 

(iv) gvb k~b¨ n‡j, AvMZ I wbM©Z d¬v· mgvb nq| 

(v) †Kv‡bv †f±i †ÿ‡Îi WvBfvi‡RÝ ïb¨ n‡j A_v©r hw` 


. V


= 0 nq, Zvn‡j H †f±i †ÿÎ‡K mwjbBWvj 

(Solenoidal) e‡j| 
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Kvj© (Curl): †f±i wWdv‡iwÝqvj Acv‡iUi, 


 Gi mv‡_ Ab¨ †Kv‡bv †f±i ivwki †f±i ev µm ¸Yb‡K Kvj© 

ejv nq| 

aiv hvK, wÎgvwÎK ¯’v‡b †f±i dvskb, V


(x, y, z) = ( î Vx + ĵVy + k̂ Vz ) 
Zvn‡j 


Gi Kvj©‡K MvwYwZKfv‡e †jLv hvq,  

Curl V


 = 

V


  

 = ( î

x + 

ĵ

y+ k̂


z)  ( î Vx + ĵVy + k̂ Vz ) 

  

ˆ ˆ ˆi j k

y z
V V Vx y z

x

 
 
       

 
     

 
Kvj© Gi †fŠZ ag©: 

(i) Kvj© GKwU †f±i ivwk hvi gvb †f±i †ÿ‡Î GKK †ÿ‡Îi Rb¨ mev©waK †iLv Bw›UMÖvj Gi mgvb| 

(ii) bZzb †f±iwUi w`K GB †ÿ‡Îi Dci AswKZ j¤ ̂eivei wµqv K‡i| 

(iii) ˆiwLK †eM V


Gi Kvj© †KŠwYK †eM 
  Gi wØ¸Y nq|  

A_v©r 

V


= 2  

(iv) †Kv‡bv we›`yi Pviw`‡K †f±iwU KZevi Ny‡i Zv Kvj© wb‡`©k K‡i| 

(v) hw` †Kv‡bv †f±‡ii Kvj© k~b¨ nq Zvn‡j †f±i †ÿÎwU ANyY©bkxj eySvq| 

 

†iLv Bw›UMÖvj (line integral): 

hw` 


(x, y, z) GKwU †f±i †ÿÎ nq, Zvn‡j †Kv‡bv Ave× c‡_ †f±‡ii †iLv Bw›UMÖvj ∮ V


. d l


| GLv‡b d l

 

Ave× c‡_i GKwU Ask hvi cwigvY dl Ges AwfgyL H As‡ki ¯úk©K eivei|  

 

 

mvi-ms‡¶c :  

 Acv‡iUi: †h MvwYwZK wP‡ýi Øviv GKwU ivwk‡K Ab¨ GKwU ivwk‡Z iæcvšÍi Kiv hvq ev †Kv‡bv cwieZ©bkxj 

ivwki e¨vL¨v †`Iqv hvq Zv‡K Acv‡iUi e‡j| 

 MÖ̈ vwW‡q›U: †f±i wWdv‡iwÝqvj Acv‡iU‡ii mv‡_ Ab¨ †Kv‡bv † ‹̄jvi ivwki ¸Ydj‡K MÖ̈ vwW‡q›U e‡j| 

 WvBfvi‡RÝ: wÎgvwÎK e¨e¯’vq R AÂ‡j †Kv‡bv GKwU †f±i †ÿ‡Îi Ae ’̄vb †f±i                             

V


(x, y, z) = V1(x,y,z) î  +V2 (x,y,z) ĵ+V3 (x,y,z) k̂ | Zvn‡j 


Acv‡iU‡ii mv‡_ V


Gi †¯‹jvi 

¸Ydj‡K H †f±i †ÿ‡Îi WvBfvi‡RÝ ejv nq| 

 Kvj©: †Kv‡bv wÎgvwÎK ¯’v‡b †Kv‡bv we› ỳi h_v_© †f±i dvskb V


(x, y, z) = Vx î  +Vy ĵ+Vz k̂ | Zvn‡j 




Acv‡iU‡ii mv‡_ V


Gi µm ev †f±i ¸Yb Øviv ZvrÿwbKfv‡e N~Y©b A‡ÿi w`‡K GKwU †f±i cvIqv 

hvq| G ai‡bi ¸Yb‡K Kvj© e‡j| 



c`v_© 1g cÎ BDwbU 1 

†f±i  23 

 

cv‡VvËi g~j¨vqb-1.5 

eûwbev©Pbx cÖkœ: 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| †f±i Acv‡iUi- 

i. grad  GKwU †f±i|  

ii. Curl F


 GKwU †f±i|   

iii. div V


GKwU †f±i| 

wb‡Pi †Kvb&wU mwVK? 

 (K) i I ii    (L) i I iii        (M) ii I iii   (N) i, ii I iii  
2| div V


†K wb‡¤œv³ †KvbwU Øviv cÖKvk Kiv nq? 

 (K) 


. V


  (L) 

V


      (M) 


+ V


   (N) 


- V


 

 

 

P~ovš— g~j¨vqb 

K. mvaviY eûwbe©vPbx cÖkœ t 

mwVK DË‡ii cv‡k wUK (√) wPý w`b | 

1| hv cwigvc Kiv hvq, Zv‡K ejv nq- 

 (K) Ac`v_© (L) avZz      (M) ivwk (N) gvÎv 

2| GKwU wWdv‡iwÝqvj Acv‡iUi Ô


Õ Gi †ÿ‡Î wb‡Pi †Kvb Z_¨wU mwVK? 

 (K) GKwU †f±i ivwk (L) †f±‡ii g‡Zv AvPiY K‡i      

 (M) ïaygvÎ †f±i ivwki †ÿ‡Î cÖ‡qvR¨ (N) 


w`‡q cÖKvk Kiv Avek¨K 

3| k̂  k̂ GKK †f±‡ii ¸Ydj †KvbwU? 

 (K) k̂  k̂ = 1  (L) k̂  k̂ = ĵ
      (M) k̂  k̂ = 0  (N) k̂  k̂ = î  

4| `ywU †f±i ivwk ci¯úi wecixZgyLx n‡q wµqv Ki‡j- 

i. G‡`i ga¨eZx© †KvY n‡e|  

ii. G‡`i jwäi gvb m‡ev©”P n‡e|   

iii. jwäi w`K n‡e e„nËg †f±‡ii w`‡K| 

wb‡Pi †Kvb&wU mwVK? 

 (K) i I ii    (L) i I iii        (M) ii I iii   (N) i, ii I iii  
5| †f±i Acv‡iU‡ii †ÿ‡Î- 

1
i 0

r
  
    
 ii 0p     

iii 0div curl A 
 

wb‡Pi †Kvb&wU mwVK? 

 (K) i I ii    (L) i I iii        (M) ii I iii   (N) i, ii I iii  
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L. m„Rbkxj cÖkœ 

P


, Q


I R


 wZbwU †f±i †hLv‡b P


 = 3 î  +2 ĵ+ k̂ ,  Q


= î  +2 ĵ-3 k̂ Ges R


= î  + ĵ+2 k̂ | 

K) †f±i ¸Yb wK? 1 

L) †f±i †hv‡Mi mvgšÍwiK m~ÎwU wee„Z Kiæb| 2 

M) P


Gi Dci Q


Gi j¤ ̂Awf‡ÿc wbY©q Kiæb| 3 

N) DÏxc‡Ki Av‡jv‡K cÖgvY Kiæb †h, P


.( Q

R


) = ( P

Q


). R


 4 

M. msw¶ß DËi cÖkœ t 

1| GKK †f±i, k~b¨ †f±i I Ae¯’vb †f±‡ii msÁv w`b| 

2| †¯‹jvi ¸Yb I †f±i ¸Y‡bi msÁv w`b| 

3| †f±i Acv‡iUi wK Ges Gi MvwYwZK iƒc wjLyb|  

4| Kvj© Gi †fŠwZK Zvrch© wjLyb| 

5| eûfzR m~ÎwU wee„Z Kiæb|  

N. wek` DËi cÖkœ t 

1| mvgvšÍwiK m~ÎwU wee„Z I e¨vL¨v Kiæb| 

2| †`Lvb †h, mgRvZxq `ywU †f±‡ii jwäi me©wb¤œgvb †f±iØ‡qi gv‡bi we‡qvMd‡ji mgvb|  

3| †f±i wefvRb eY©bv Kiæb Ges †f±i ivwki Abyf‚wgK I Dj¤ ̂Dcvsk Gi gvb †ei Kiæb| 

4| WvbnvwZ ¯Œz wbqgwU e¨vL¨v Kiæb| 

O. MvwYwZK mgm¨v t  

1| hw` r = î x + ĵy + k̂ z Ges r = 

2 2 2x y z  nq, Zvn‡j 

1
r

  
  


Gi gvb wbY©q Kiæb|   

2| GKB we›`y‡Z GKB mg‡q wµqviZ ỳwU †f±‡ii gvb mgvb| cÖgvY Kiæb †h, G‡`i jwä †f±i Ø‡qi ga¨eZx© 

†KvY‡K mgwØLwÛZ K‡i|  

3| A
 = 2 î  + 2 ĵ  ̶ k̂ Ges B

 = 6 î  ̶  3 ĵ + 2 k̂ n‡j A


I B


 Gi ga¨eZx© †KvY wbY©q Kiæb| 

4| †`Lvb †h,  A B A B    
    

| 

5| A
 = 5 î  + 2 ĵ + 3 k̂ Ges B

 = 15 î  + m ĵ + 9 k̂ | m Gi gvb KZ n‡j A


I B


 †f±iØq ci¯úi 

mgvšÍivj n‡e? 

5| A


=3 î +2 ĵ+ k̂ Ges B


= î +2 ĵ ̶ 3 k̂ Ges C


= î +

ĵ +2 k̂  n‡j cÖgvY Kiæb †h,     A. B C A B .C  
    

 

 

 

DËigvjv 

cv‡VvËi g~j¨vqb-1.1:   1| (K)  2| (K) 

cv‡VvËi g~j¨vqb-1.2:  1| (N)  2| (M) 

cv‡VvËi g~j¨vqb-1.3:  1| (K)  2| (L) 

cv‡VvËi g~j¨vqb-1.4:  1| (M)  2| (K) 

cv‡VvËi g~j¨vqb-1.5:  1| (N)  2| (K) 

P‚ovšÍ  g~j¨vqb 

K. mvaviY eûwbe©vPbx cÖkœ t                  1| (M)       2| (L)          3| (M)     4| (L) 4| (N)   

L. m„Rbkxj cÖkœ t- wb‡R e¨vL¨v Kiæb| wUDU‡ii mnvqZv wbb 

O. MvwYwZK mgm¨v t 1| 3

r
r




  3| 79.010  5|  6   


