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ÿÊ¢ÁòÊ∑§Ë ∑§ ◊Í‹ Á‚hÊãÃ ∞fl¢ ’‹ ÁŸ∑§Êÿ  |  1

1
ÿÍÁŸ≈U ÁflÁ‡Êc≈U

ß‚ •äÿÊÿ ◊¥ ÁŸêŸÁ‹ÁπÃ Áfl·ÿÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „ÒUó

	 • ÿÊ¥ÁòÊ∑§Ë ∑§Ê ◊„àfl •ı⁄U ¬˝Ê‚¥Áª∑§ÃÊ

	 • ß¥¡ËÁŸÿÁ⁄U¥ª ÿÊ¥ÁòÊ∑§Ë ‚ ‚¥’¥ÁœÃ ◊Í‹ •flœÊ⁄UáÊÊ∞¥

	 • ◊Ê¬Ÿ ∑‘§ Á‹∞ ß∑§ÊßÿÙ¥ ∑‘§ ¬˝∑§Ê⁄U •ı⁄U ◊ıÁ‹∑§ ∞‚•Êß¸ ß∑§ÊßÿÊ°

	 • ’‹ — ß∑§Êß¸, •Á÷‹ˇÊáÊ, ¬˝÷Êfl, ÁŸ∑§Êÿ •ı⁄U flªË¸∑§⁄UáÊ, •ÊÉÊÍáÊ¸ ∞fl¥ ß‚∑‘§ ¬˝∑§Ê⁄U

	 • ’‹-SÕÒÁÃ∑§Ë ∑§Ê Á‚hÊ¥Ã — ‚ÊêÿÊflSÕÊ ∑§Ê ÁŸÿ◊, •äÿÊ⁄UÙ¬áÊ ∑§Ê ÁŸÿ◊ •ı⁄U SÕÊŸÊãÃ⁄UáÊ‡ÊË‹ÃÊ ∑§Ê ÁŸÿ◊

	 • ’‹ ∑§Ê ÁflÿÙ¡Ÿ •ı⁄U ’‹ ∑§Ê ‚¥ÿÙ¡Ÿ

	 • ¬Á⁄UáÊÊ◊Ë ’‹ ôÊÊÃ ∑§⁄UŸ ∑‘§ Á‹∞ flÒ‡‹Á·∑§ •ı⁄U •Ê⁄UπËÿ ÁflÁœ

 ÿ„ ÿÍÁŸ≈U ‚ê¬ÍáÊ¸ ¬Ê∆˜ÿ∑˝§◊ ‚ ‚¥’¥ÁœÃ ÁflÁ÷ãŸ ¬˝∑§Ê⁄U ∑§Ë ⁄UÊÁ‡ÊÿÙ¥ •ı⁄U ©Ÿ∑§Ë ß∑§ÊßÿÙ¥ ∑§Ê Áflfl⁄UáÊ ŒÃË „Ò– Á»§⁄U 
÷Ë, ¬Ê∆˜ÿ∑˝§◊ ∑§Ë ’„Ã⁄U S¬c≈UÃÊ ∑‘§ Á‹∞ ∑È§¿ ◊Í‹ •flœÊ⁄UáÊÊ•Ù¥ ∑§Ù ÷Ë ÿ„Ê° ‚◊¤ÊÊÿÊ ªÿÊ „Ò– ©ŒÊ„⁄UáÊÙ¥ ‚ ‚¥’¥ÁœÃ 
∑È§¿ ’ÈÁŸÿÊŒË •èÿÊ‚ (øøÊ¸ ∑‘§ •‹ÊflÊ •ãÿ ÁflÁœ) ∑§Ù ÷Ë ªáÊŸÊ ∑‘§ Á‹∞ ¬˝Ùà‚ÊÁ„Ã Á∑§ÿÊ ªÿÊ „Ò–

 •ÊÉÊÍáÊ¸ ∑‘§ Á‹∞ ÁŒŸ-¬˝ÁÃÁŒŸ ∑‘§ ∑È§¿ ©ŒÊ„⁄UáÊÙ¥ ∑§Ù ÁflœÊÁÕ¸ÿÙ¥ ∑‘§ Á‹∞ ∞∑§ ◊Í‹ ªÁÃÁflÁœ ∑‘§ M§¬ ◊¥ Á‹ÿÊ 
ªÿÊ „Ò– ¬Îc∆UÙ¥ ∑‘§ ¬˝ÁÃ’¥œ ∑‘§ •ÊœÊ⁄U ¬⁄U, Áfl·ÿ ∑§Ë ªÈáÊflûÊÊ ∑§Ù ◊„àfl ÁŒÿÊ ªÿÊ „Ò– 

 ÿÍÁŸ≈ UÁfl·ÿÙ¥ ∑‘§ √ÿÊfl„ÊÁ⁄U∑§ •ŸÈ¬˝ÿÙªÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „Ò, ÃÊÁ∑§ ÁflœÊÁÕ¸ÿÙ¥ ◊¥ Á¡ôÊÊ‚Ê •ı⁄U ⁄UøŸÊà◊∑§ÃÊ ¬ÒŒÊ 
∑§⁄UŸ ∑‘§ ‚ÊÕ-‚ÊÕ ©‚∑§Ë ‚◊SÿÊ•Ù¥ ∑§Ù „‹ ∑§⁄UŸ ∑§Ë ˇÊ◊ÃÊ ◊¥ ‚ÈœÊ⁄U Á∑§ÿÊ ¡Ê ‚∑‘§– ‚¥’¥ÁœÃ ¬˝ÿÙª ∑‘§ ¬‡øÊÃ˜, 
ÿÍÁŸ≈U Áfl·ÿ ∑‘§ •ÊœÊ⁄U ¬⁄U, ∞∑§ πá« ““•Áœ∑§ ¡ÊÁŸ∞”” „Ò, Á¡‚ ß‚ ¬ÈSÃ∑§ ∑‘§ ©¬ÿÙª∑§ÃÊ¸•Ù¥ ∑‘§ ‹Ê÷ ∑‘§ Á‹∞ ¬Í⁄U∑§ 
¡ÊŸ∑§Ê⁄UË ∑‘§ Á‹∞ Á«¡ÊßŸ Á∑§ÿÊ ªÿÊ „Ò– ¿ÊòÊÙ¥ ∑§Ë ’„Ã⁄UË ∑‘§ Á‹∞ ∞fl¥ ©Ÿ◊¥ M§Áø ©à¬ãŸ ∑§⁄UŸ ∑‘§ Á‹∞ ’„ÈÁ’∑§À¬Ë 
¬˝‡Ÿ (∞◊‚ËÄUÿÍ) •ı⁄U •ãÿ Áfl·ÿÊà◊∑§ ¬˝‡ŸÙ¥ ∑§Ù ÷Ë ÿÍÁŸ≈U ◊¥ ‡ÊÊÁ◊‹ Á∑§ÿÊ ªÿÊ „Ò–

÷ÍÁ◊∑§Ê

ß‚ ÿÍÁŸ≈U ◊¥ ÿÊ¥ÁòÊ∑§Ë ∑‘§ ◊„àfl •ı⁄U ¬˝Ê‚¥Áª∑§ÃÊ ∑‘§ ‚ÊÕ-‚ÊÕ-⁄UÊÁ‡Ê ∑‘§ ¬˝∑§Ê⁄U ∑§Ù ÷Ë ‚Áê◊Á‹Ã Á∑§ÿÊ ªÿÊ „Ò– Á∑§‚Ë 
÷Ë ≈UÄUŸËÁ‡ÊÿŸ ÿÊ ß¥¡ËÁŸÿ⁄U ∑‘§ Á‹∞ ß∑§Êß¸ÿÙ¥ ∑§Ë ÁflÁ÷ãŸ ¬˝áÊÊÁ‹ÿÙ¥ ∑§Ê ôÊÊŸ „ÙŸÊ •Êfl‡ÿ∑§ „ÙÃÊ „Ò– ß∑§ÊßÿÙ¥ 
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CO-1 CO-2 CO-3 CO-4 C O-5

U1-O1 2 - - - - 

U1-O2 2 - - - -

U1-O3 2 - - - - 

U1-O4 3 1 - - -

U1-O5 2 2 - - -

U1-O6 - 3 - - -

U1-O7 - 2 - - - 

U1-O8 - 3 - - -
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(a) (b) (c)
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(1) L2

(2) L/T (3) 2

(SI Units)

1 m 

2 kg 

3 s 

4 A 

5 K

6 cd 
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(N) 2

(kN) = 1000  = 103 

 (MN) = 1000 × 1000  = 106 

 (GN) = 1000 × 1000 × 1000  = 109 

(A) (B) (C) (D) 

A P C

BC P P

C
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(i)

(ii)

(iii)

(iv)

(v)

F1, F2 F3 XY
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XY, YZ ZX F1, F2, F3, F4 F5

F1. F2 F3

F1, F2, F3 RA RB 

F4, F5 F6

F1, F2, F3, F4, F5, F6 RA RB
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F1, F2 F3

XY

F4 YZ F1, F2, F3

F4

F1, F2 F3

XY

F4 F5 

YZ F1, F2, F3, F4 F5
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(A) (B) (C) 

(A)

P  Q A B

AB (i) P Q (ii) P Q

(iii) P Q (i) P

(ii) Q (iii)

(B) 

(a)  (b) (c)
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F1 (a) F1 A

AB B F2 = F3

(b) F1

F2 F3

F2 = F3  = F1 (c)

F1 F2 F3

B F3 = F1; B F1

A F1 B

(C) 

(c)

(A) (B) 

(A) 

X Y

X  O

P P OB

XX YY O B XX BC YY

BA OBC OB, X

 P OC BC X Y

Px Py 
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OC
cos

OB
  OC = Px = OB.cos = P.cos

    Px = P.cos ............(i)

BC
sin

OB
   BC = Py = OB sin= P.sin

Py = P.sin ...........(ii)

(i) (ii) X Y P

(B) 

P,

OB   P1

P2







(i) (ii)


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(A) (B) (C) 








P Q 

 P Q R

2 2R P Q 2PQ cos    ...........(iii)

(), tan  = 
Q sin

P Q cos


  P ..........(iv)

(1) (iv) R P  

R Q ()

(2) (iii) (iv)
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P Q 
O

  

60o 30 N 40 N

 = 60
o



P = 30 N, Q = 40 N (P Q )  = 60º

(i) 2 2
R P Q 2PQcos   

2 2 oR (30) (40) 2 30 40 cos60 3700      

R = 60.83 N 

(ii)
Qsin

tan
P Qcos


 

 

II
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o

o

40 sin 60 34.64
tan 0.6928

5030 40cos60


   



 = 34.71o P 

135o 180 N 350 N 

PUSH
180 N

135o

O

PULL

350 N

PUSH
Q = 180 N

 = 135o

O
'

o
= 45

PULL

Q'

PULL

P = 350 N

135 o

O

 o
=45

P = 350 N

Q = 180 N

R

 (a) (b) (c)

(a) (b) (c) 

P = 350 N Q = 180 N  = 135o; Q '  = 180 N  '  = 45o

Q

P Q '  '  45o (b)

(i) 2 2
R P Q ' 2PQ cos '   

2 2 oR (350) (180) 2 350 180cos45    

R 493.96 N

(ii)

' o

' o

Qsin 180 sin 45 127.26
tan 0.26667

477.26P Qcos 350 180cos45

 
    

  

 = 14.93o, P 

P ()

R Q () 

P 2P

P
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(i) P1 = P; Q1 = 2P; 1 = ; 1 = 

(ii) P2 = P + 120; Q2 = 4P; 2 = ; 2 = 

(i) tan 1 = 
1 1

1 1 1

Q sin 2P sin
tan

P (Q cos ) P (2P cos )

 
  

   

(ii) tan 2 =
2 2

2 2 2

Q sin 4P sin
tan

P (Q cos ) (P 120) (4P cos )

 
  

   

2P sin

P (2Pcos )


  =

4Psin

(P 120) (4Pcos )


 

2Psin

4Psin


 =

P (2Pcos )

(P 120) (4Pcos )

 
 

1

2
=

P (2Pcos )

(P 120) (4Pcos )

 
 

(P + 120) + (4P cos) = 2P + (4P cos)

P + 120 = 2P

P = 120 N 

P (i) 

1.5P (ii) R

(i) P = P; Q = P; R = 1.5P;  = ?

R = 2 2P Q 2 PQ cos  

(1.5 P)2 = P2 + P2 + (2 PP cos)

2.25 P2 = 2 P2 + (2P2 cos)

2.25 P2 = 2 P2 (1 + cos)

2.25

2
= (1 + cos)

cos  
 = 82.81o

(ii) R = ?; max = ?

(a) cos
cos  = 1

R2 = P2 + Q2 + (2PQ cos )

R2 = P2 + P2 + (2 . P . P . 1)
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R2 = P2 + P2 + 2P2 = 4P2

R = 2P 

(b) cos  = 1  = 0o

2P

0o

X– F1, F2...

X–

H  

V  

R2 = H2 + V2 R

tan  = 
V

H




()

(i) 500 kN (ii) 800 kN

(ii) 1000 kN 30o (iv) 300 kN

V = 565.69

 = 43.30
o

  = 600.34H

(a) (b) (c)
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(a)

300 kN

300 kN (b)

(kN)  Fx = F cos  (kN) Fy = Fsin  (kN) 

1 F1 = 300 0° 300 cos 0° = 300.00 300 sin 0° = 0.00 

2 F2 = 500 90°  500 cos 90° = 0.00 500 sin 90° = 500.00 

3 F3 = 800 180 + 45 = 225° 800 cos 225° = –565.69 800 sin 225° = –565.69

4 F4 = 1000 360 - 30 = 330° 1000 cos 330° = 866.03 1000 sin 330° = –500.00

H = +600.34 kN V = –565.69 kN 

+X

R2 = H2 + V2 = (600.34)2 + (–565.69)2 = 680413.2917

R = 824.87 kN  

H V R 

tan  = 
V 565.69

0.9423
H 600.34

 
  



= tan–1 (–0.9423) = 43.30º H  V 

 = (360º – 43.30°) = 316.70° X

(c) H V (R)

20 kN, 30 kN, 40 kN, 50 kN 60 kN
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(a)  (b) 

= [(2n – 4) 90°] n =

n = 6, = (2 × 6 – 4) × 90 = 720°

 = 
o720

120
6



o120
30

4
  

O (a)

1 F1 = 20  = 0° 20 cos 0° = 20.00 20 sin 0° = 0.00 

2 F
2
 = 30  = 30° 30 cos 30° = 25.98 30 sin 30° = 15.00 

3 F3 = 40 2= 60° 40 cos 60° = 20.00 40 sin 60° = 34.64 

4 F4 = 50 3= 90° 50 cos 90° = 00.00 50 sin 90° = 50.00 

5 F5 = 60 4= 120° 60 cos 120° = –30.00  60sin 120° = 51.96

H = +35.98 kN  V = +151.60 kN 

(kN)  Fx = F cos  (kN) Fy = Fsin  (kN) 

+X

R2 = H2 + V2 = (35.98)2 + (151.60)2 = 24277.58

R = 151.81 kN 



|  19

H V R 

tan  = 
V 151.60

4.21345
H 35.98


 



 = tan–1 (4.21345)   = 76.65o H  V 

 = 76.65o X

AB AC 

R = 0 H = 0 

V = 0

1 F1  = 200 0° 200 cos 0° = 200.00

2 F2 = ? 30° F2 cos30°  =  0.866F2

3 F3 = ? 180°– 45° = 135° F3 cos135°  = –0.707F
3 

4 F4 = 200 180°+ 60° = 240° 200 cos 240° = –100.00

H = 0.0 N

20 sin 0° = 0.00

F2 sin30° = 0.50F2

F3 sin135° = 0.707F
3 

50 sin 240° =  –173.20
 

V = 0.0 N

(N) Fx = F cos  (N)

+X

 Fy = Fsin  (N) 

H = 0 V = 0 
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(a) H = 0

 200 + 0.866 F2 – 0.707 F3 – 100.00 = 0.0

0.866 F2 – 0.707 F3 + 100.00 = 0.0 ...(a)

(b) V = 0

0 + 0.5 F2 + 0.707 F3 – 173.20 = 0.0

0.5 F2 + 0.707 F3 –173.20 = 0.0 ...(b)

(c) (a) (b)

 (0.866 + 0.5) F2 + (–0.707 + 0.707) F3 + (100.00 – 173.20) = 0.0

 1.366 F2 –73.20 = 0.0

 F2 = 
73.20

1.366

 AC AC = F2 = 53.44 N 

(d) F2 (a)

(0.866 × 53.44) –0.707 F3 + 100.00 = 0.0

 0.707 F3 = 46.28 + 100.00 = 146.28

 F3 = 
146.28

0.707

 AB = F3 = 206.90 N 

(a) (b) 
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F O d

F O

d 

= M = (F) × (d)

 M = F . d

(a) F 

(b)

(i) (+ve) (ii) (–ve)

P O A B

R O P, Q R a, b

c
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O R = O P + O Q

R.c = P.a + Q.b

(i) (like)

(ii) (unlike)

(a)

(b)

(c)



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(i) = R = F

R = 40 – 60 + 10 + 30 = 20 N 

 R = 20 N 

(ii) 

(iii)

A

(40 × 0) – (60 × 200) + (10 × 350) + (30 × 500) = (R × x)

 0 – 12000 + 3500 + 15000 = (20 × x)

 6500 = (20 × x)

 x = 325 mm, A 

3 m AB 40 N A D 

B 1 m W B

A RA 

D 

(  )W × 1 = 40 × 0.5 (  )

W = 20 N 
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10 m 5 N 30 N

x m(5 – x) m

D B 30 N

x D

D

(30 × x) – [5 × (5 – x)] = 0

 (30 × x – 25 + (5 × x) = 0

 (35 x) = 25

 x = 25/35 = 0.714 m  

B 30 N 0.714

D

X–

2 2R ( H) ( V)   

tan  = 
V

H





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10 N, 20 N, 30 N 40 N ‘a’ 

AB, B, CD, DA A

H



x

X

 (a)  (b) 

a ABCD (a) AB, BC, CD,

DA 10 N, 20 N, 30 N & 40 N 

2 

3 

4 

20 

30 

40 

(N)

20 cos 90° = 0.00 

30 cos 180° = –30.00 

40 cos 270° = 0.00 

H =  – 20.0 N 

Fx = F cos  (N) 

90° 

180° 

270° 

  

+X



1 10 10 cos 0° = 10.00 0° 10 sin 0° = 00.00 

20 sin 90° = 20.00 

30 sin 180° = 0.00 

40 sin 270° = –40.00 

V = –20.0 N 

Fy = Fsin  (N)

2 2R ( H) ( V)   

R = 2 2
( 20) ( 20) 800   

 R = 28.28 N 
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tan  = 
V

H






tan  = 
20

1.0
20






 = 45o

A

MA = 0

[(10 × 0) – (20 × a) – (30 × a) + (40 × 0)] = – (R × x)

–50 a = –28.28 × x

x = 
50 a

1.768 a
28.28



A 1.768 a = 45o R = 28.28 N 

(b)

×

O

V = 28.71 N

H = 11.78 N
= 67.69o

x
O

X

 (a)  (b) 
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2 2R ( H) ( V)   

R = 2 2
(11.78) (28.71) 963.03 

R = 31.03 N

tan  = 
V

H






tan  = 
28.71

2.4372
11.78



 = 67.69o

O

(a)

MO = (–21.65 × 0) – (12.50 × 0) + (20.0 × 100.0) + (34.64 × 400) –(20 × 400)

– (21.21 × 300) – (21.21 × 100)

= 0 + 0 + 2000 + 13856 – 8000 – 6363 – 2121

= – 628 N.mm .....(a)

(b)

R

R O O

R x G O x 

G R H V O

1 F1 = 25 180°+ 30° = 210° –21.65 –12.5

2 F2 = 20 0° 20.00 00.00

3 F3 = 40 30° 34.64 20.00

4 F4 = 30 180° – 45° = 135°  –21.21 21.21 

H= 11.78 N  V= 28.71 N 

(N)  Fx = F cos  (N)

+X

    Fy = Fsin  (N)
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MO = (H × 0) + (V × x) = (11.78 × 0) – (28.71 × x)

= (– 28.71 × x) .......(b)

(a) (b)

28.71 × x = 628

x = 21.87 mm x– O

R = 31.03 N O x = 21.87 mm G

X–  = 67.69º

•

•

•

•

•

•

(A) (B) (C) (D) 

(A) (B) 

(C) (D) (E) 

•
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•

•

• X Y

Px = P.cos  and Py = P.sin 

•

(i) (+ve) (ii) 

(–ve).

•

•

•

•

(a)

(b)
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(c)

•

x

2 2R ( H) ( V)   

tan  = 
V

H






(A)

(B)

(C)

(A)

(a) (b) (c) (d)

(a) (b)

(c) (d)
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(a)

(b)

(c)

(d)

(a) (b)

(c) (d)

P 90o

(a) 2P (b) 2 P (c) P/2 (d) 2 P

P 180o

(a) 2P (b) 2 P (c) 0 (d) 2 P

(a) (b) (c) (d)

(a) (b) (c) (d)

(a) 

(b) 

(c) 

(d) 

(a) 

(b) 

(c) 

(d) 

(a) (b) 

(c) (d)

(1–b), (2–a), (3–d), (4–d), (5–b), (6–c), (7–a), (8–c), (9–d), (10–c), (11–d)
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(B)

(i) (ii) (iii) (iv) (v)

(i) (ii) (iii) (iv) (v) (vi)

(vii) (viii) (ix) (x)

(i) (ii) (iii)

(iv) (v) (vi)

(i) (ii)

(iii) (iv) (v)

(vi) (vii)

240 N 200 N 60o 

R = 381.57 N, P 27o 

60o 30 3 N 

F = 30 N

100 kN, 45o 

R = 184.77 kN, 22.5o

1500 N 800 N 75o

R = 1873.81 N, P 24.35o

2P, 3P 4P

1.732 P 210o
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ABC A C A

B 500 N

P B B, AC P

B P = 82 N

(i) 30 N

(ii) 30 N 30o (iii) 10 N 60o

(iv) 20 N

R = 13.68 N, +X 150o

(i) 200 kN 30o (ii) 250 kN 

(iii) 350 kN 40o (iv) 300 kN 

R = 456 kN, 47.7o 

(i) 10 N + Y (ii) 20 N + X 210o

(iii) 30 N + X 315o 

R = 21.56 N, + X 280.39o

(i) 100 N

N 30o E (ii) 125 N N 45o W (iii) 60 N S 60o W (iv) 50 N 

143.16 N 11.36o

ABCD 4 kN, 9 kN, 7 kN 5 kN AB, BC,

CD DA

R = A 22.5 W 53o N 5 kN

2 N, 3 N, 5 N, 3 N, 2 N

R = 10 N, 60o

P–1 : 
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(PrO)

PrO1 : 

•

•

•

•

•

•

•

•

•
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/ 100

/ 30 / 10 / 10 / 10 / 10 / 10 / 10 / 10

P–8 / 9 :

(PrO)

PrO1 :

PrO2 : 
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1

2

3

4

5

6

1

1

4 to 6

4 to 6

1

4 to 6
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P. 9

1

F
1

F
2

F
3

F
4

F
5

F
6

(N) (N) (N) (N) (N) (N)

2

3

4

(I) H = F1 cos 1 + F2 cos 2 + F3 cos 3 + F4 cos 4 + F5 cos 5

(II) V = F1 sin 1 + F2 sin 2 + F3 sin 3 + F4 sin 4 + F5 sin 5

(III)

(a)
2 2 1 V

R ( H) ( V) (b) tan
H

          

......................................................................................................................................


1


2


3


4


5


6
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......................................................................................................................................

2 kN, 3 kN 4 kN 120o

......................................................................................................................................

P1

P1

P–10 : 

= ×
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(H = 0, V = 0 & M = 0)

(PrO)
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1

2

3

4

5

6

2

1

4 to 6

2

1

4 to 6

(L)

(A)

RA RB 

W1 W2 ab bc

o

o 
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A, B & C 

D

o d cd

RB da RA

c

(N) (kN)
A

(N) (kN)
(N) (kN)

(N) (kN)

W
1

W
2

W
3

W
4

L
1

L
2

L
3

L
4

R
A

R
B

R
A

R
B

R
A

R
B

1

2

3

4

5
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(I) A +ve 

M = 0 RB

RB × L – W1 × L1 – W2 × L2 – W3 × L3 – W4 × L4 = 0

(II) B +ve

M = 0 RB

RA × L – W1 × (L – L1) × W2 × (L × L2) – W3 × (L – L3) – W4 × (L – L4) = 0

......................................................................................................................................

......................................................................................................................................

5 kN, 2 kN 3 kN 

......................................................................................................................................

P1 
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2
ÿÍÁŸ≈U ÁflÁ‡Êc≈U

ß‚ •äÿÊÿ ◊¥ ÁŸêŸÁ‹ÁπÃ Áfl·ÿÙ¥ ¬⁄U øøÊ¸ ∑§Ë ¡Ê∞ªËó

 • ‚ÊêÿÊflSÕÊ ∞fl¥ ‚Êêÿ∑§

 • ‚ÊêÿÊflSÕÊ ∑§Ë ‡ÊÃZ

 • ◊ÈQ§Á¬á« ∞fl¥ ◊ÈQ§ Á¬á« •Ê⁄Uπ

 • ‹Ê◊Ë ∑§Ë ¬˝◊ÿ ∞fl¥ ÁflÁ÷ÛÊ ß¥¡ËÁŸÿÁ⁄U¥ª ‚◊SÿÊ•Ù¥ ∑§Ù „‹ ◊¥ ß‚∑§Ê •ŸÈ¬˝ÿÙª

 • œ⁄UŸÙ¥ ∑‘§ ‚ÊÕ-‚ÊÕ •Ê‹ê’Ù¥, ÷Ê⁄UÙ¥ ∑‘§ ¬˝∑§Ê⁄U

 • flÒ‡‹Á·∑§ ÁflÁœ mÊ⁄UÊ ÁflÁ÷ãŸ ¬˝∑§Ê⁄U ∑§Ë œ⁄UŸ ∑‘§ Á‹∞ œ⁄UŸ ¬˝ÁÃÁ∑˝§ÿÊ

 • •Ê⁄UπËÿ ÁflÁœ (»§ÁŸÄUÿÈ‹⁄U ’„È÷È¡) mÊ⁄UÊ ‚◊ÊŸÊãÃ⁄U ’‹ ÁŸ∑§Êÿ ∑‘§ Á‹∞ œ⁄UŸ ¬˝ÁÃÁ∑˝§ÿÊ 

 ÿ„Ê° ∑È§¿ ◊Í‹÷ÍÃ •flœÊ⁄UáÊÊ•Ù¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „Ò, ¡Ù ÁfllÊÁÕ¸ÿÙ¥ / Á‡ÊˇÊÊÁÕ¸ÿÙ¥ ∑‘§ Á‹∞ ©Ÿ∑‘§ ÷Áflcÿ ∑‘§ 
¬Ê∆˜ÿ∑˝§◊Ù¥ ∑‘§ Á‹∞ ’„ÈÃ ◊„àfl¬ÍáÊ¸ „Ò– œ⁄UŸ, ÷Ê⁄U ∑§Ë •flœÊ⁄UáÊÊÿ¥, œ⁄UŸÙ¥ ∑‘§ ¬˝∑§Ê⁄U, ÷Ê⁄UÙ¥ ∑‘§ ¬˝∑§Ê⁄U •ÊÁŒ ÷Ë ©Ÿ∑‘§ 
÷Áflcÿ ∑‘§ ¬Ê∆˜ÿ∑˝§◊Ù¥ ∑‘§ Á‹∞ ’„ÈÃ ◊„àfl¬ÍáÊ¸ „Ò¥– ßŸ •flœÊ⁄UáÊÊ•Ù¥ ∑§Ù ¬Ê∆˜ÿ∑˝§◊Ù¥ ∑§Ë ’„Ã⁄U S¬c≈UÃÊ ∑‘§ Á‹∞ ÿ„Ê° 
‚◊¤ÊÊÿÊ ªÿÊ „Ò–

 ©ŒÊ„⁄UáÊÙ¥ ∑§Ù ‚¥ÅÿÊ ∑§Ë ¡ª„ ªÈáÊflûÊÊ ∑‘§ •ÊœÊ⁄U ¬⁄U ‚◊¤ÊÊÿÊ ªÿÊ „Ò– ß‚Á‹∞ ¬Îc∆U ‚¥ÅÿÊ ∑‘§ ¬˝ÁÃ’¥œ ∑‘§ 
•ÊœÊ⁄U ¬⁄U, Áfl·ÿ-flSÃÈ ∑§Ë ªÈáÊflûÊÊ ∑§Ù ◊„àfl ÁŒÿÊ ªÿÊ „Ò–

 Áfl·ÿÙ¥ ¬⁄U ß‚ Ã⁄U„ ‚ øøÊ¸ ∑§Ë ªß¸ Á∑§ ÿ„ ⁄UøŸÊà◊∑§ÃÊ, Á¡ôÊÊ‚Ê ©à¬ãŸ ∑§⁄U ‚∑‘§ •ı⁄U ¿ÊòÊ ∑§Ë ‚◊SÿÊ 
‚È‹¤ÊÊŸ ∑§Ë ˇÊ◊ÃÊ ◊¥ ‚ÈœÊ⁄U ∑§⁄U ‚∑‘§– •flœÊ⁄UáÊÊ ∑§Ë S¬c≈UÃÊ ’…∏ÊŸ ∑‘§ Á‹∞ ∑È§¿ ◊„àfl¬ÍáÊ¸ •flœÊ⁄UáÊÊ•Ù¥ ’‹-ÿÈÇ◊, 
•ÊŸÃ ÷Ê⁄U •ÊÁŒ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „Ò¥– ß‚ ¬ÈSÃ∑§ ∑‘§ ©¬ÿÙª∑§ÃÊ¸•Ù¥ ∑‘§ Á‹∞ ¬Í⁄U∑§ ¡ÊŸ∑§Ê⁄UË ∞fl¥ •Áœ∑§ S¬c≈UÃÊ ∑‘§ 
Á‹∞ ÿÍÁŸ≈U ∑§Ë Áfl·ÿ-flSÃÈ ∑‘§ •ÊœÊ⁄U ¬⁄U Áfl·ÿÊà◊∑§ ¬˝‡ŸÙ¥ ∞fl¥ ’„ÈÁfl∑§À¬Ë ¬˝‡ŸÙ¥ (∞◊‚ËÄUÿÍ) •èÿÊ‚ ‚Á„Ã ‚¥’¥ÁœÃ 
¬˝ÿÙª ∑‘§ ¬‡øÊÃ˜ ∞∑§ πá« ““•Áœ∑§ ¡ÊÁŸ∞”” ∑§Ù ⁄UπÊ ªÿÊ „Ò–

÷ÍÁ◊∑§Ê

ß‚ ÿÍÁŸ≈U ◊¥, „◊ Á¬á« ¬⁄U ¬˝ÿÈQ§ ’‹Ù¥ ∑‘§ ∑§Ê⁄UáÊ ‚ÊêÿÊflSÕÊ •ı⁄U ‚Êêÿ∑§ ∑‘§ ’Ê⁄U ◊¥ øøÊ¸ ∑§⁄U¥ª– ‹Ê◊Ë ∑§Ê ¬˝◊ÿ 
‚ÊêÿÊflSÕÊ ‚ ‚ê’¥ÁœÃ ÁflÁ÷ãŸ ß¥¡ËÁŸÿÁ⁄U¥ª ‚◊SÿÊ•Ù¥ ∑§Ù „‹ ∑§⁄UŸ ◊¥ ‚„Êÿ∑§ „ÙÃË „Ò– „◊ ÁflÁ÷ãŸ ¬˝∑§Ê⁄U ∑‘§ 

‚ÊêÿÊflSÕÊ
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CO-1 CO-2 CO-3 CO-4 CO-5

U2-O1 2 3 - - -

U2-O2 1 3 - - -

U2-O3 1 2 - - -

U2-O4 1 3 - - -

U2-O5 1 3 - - -
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R Fx = 0 Fy = 01

R E

R E

R

(a) (b) (c) (d)

(i) H = 0 (ii) V = 0 (iii) M = 0
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(a)  (b) 

(a) F

(a)

(b)

(i) W

(a) (a)

W C

(b) RC C

(c) BA

T
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(b)

(a) (b) 

(ii) (a)

(a) C

W (b) A 

OA RA (c) B OB

RB C

(b)

O

(a) (b)
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P, Q R (a)

ABC

(b) ABC

AB BC CA

sin ( ) sin ( ) sin ( )
 

        

P Q R

sin sin sin
  

  

(a) (b) 

r 150 mm W 20 N

(a)  (b) 
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(i) (a)

ABO

sin  = 
OB r

0.5
OA 2r

 

   = 30o

(ii) (b)

BR T W

sin sin sin
 

  

 = 180o –  = 150o;  = 90o  = 90o +  = 120o  W = 20 N

B
o o o

R T 20 N

sin 150 sin 90 sin 120
 

      RB = 11.55 N

  T = 23.10 N  

W ABCD (a)

                  (a)              (b) B FBD (c) C FBD

B C (b) (c)

(a) B (b)

BC
o o

T 10

sin (90 60) sin (180 60 30)


  

o

BC o

10 sin 150
T 10 N

sin 150


  
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(b) C (c)

TBC = TCB

CB BC
o o o

T TW

sin (180 30 30) sin (90 30) sin (120)
 

  

o
BC

o

T sin (120)
W

sin (120)


 

W 10 N 

45o F1,

F2

(a) (i) (b) (ii)

W 

(i) W = r = 250 mm = h = 1.5 m

(a) = V =  r2h =  

2

3

o

20 N
. [1.5]m

sin 120

 
 
 

(b) = m = V  [1000] kg

(c) = W = m.g

W =   [0.250]2       
W = 2886.34 N

(ii)  (a)

 OAC ; sin  = 
OC OB BC 250 100

OA OA 250

 
 
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 sin  =  
150

0.6
250



  = 36.87o  

(a)

(a) = W = 2886.34 N ()

(b) 45o ( )

(c) R1 ( ) 

(i)

1 1
o o o o o

F RW

sin (180 45 ) sin (90 ) sin (90 45 )
 

    

(ii) W = 2886.34 N  = 36.87o 

1 1
o o o

F R3886.34

sin 98.13 sin 126.87 sin 135
 

(iii)  F1 = 2332.51 N  

(iv)  R1 = 2061.67 N 

F2 R2

 (b)

(i)

2 2
o o

F RW

sin sin (90 ) sin (270 )
 

      

(ii) W = 2886.34 N  = 36.87o

R2 = 

o
2886.34 sin (126.87 ) 2309.07

sin sin




 

(iii) F2 sin 

 = 90o  F2 = 2309.07 N 

(iv) R2 = 

o

o

2886.34 sin (143.13 )
1731.81 N

sin 90


   

I
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(A) (B)

(C) (D) (E)

(A) (a)

(01)

(01)

(02)

(03)
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(B) (UDL) (b)

w

(w × l) 

P

(b) (ii)

                                       (i) UDL                     (ii)

       (a)                                     (b)

(C) (UVL) (c)

0 w1

w1 w2

(c)

(c) (UVL)
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(c)

(D)

(E)

(d)

(d)

(i)

(ii) (iii)

‘d’

(d) F d

(i) (ii)  

(d) 

(d) (i) (ii)

(A) (B)

(A) (Statically Determinate Beam)

(i) H = 0

(ii) V = 0 (iii) M = 0

II
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(i)

(ii)

(a) (b)

            (a)                           (b)

(iii)
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(B) (Statically Indeterminate Beam)

(i)

(a) (b) 

(ii)

(iii)
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(i) (ii)

(a)

(b) (c)

10 kN, 5 kN, 20 kN 15 kN

I
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(a) H = 0 
E VE 

VE – 15 – 20 – 5 – 10 = 0

VE = 50 kN  

(b) M = 0 
HE = 0 kN 

(c) M = 0 

E

ME = (15 × 1) + (20 × 2) + (5 × 3) + (10 × 4) – ME = 0

 ME = 15 + 40 + 15 + 40 = 110 kN–m  

(a)  (b) 

(i) C 65 kN 

(b)

12 12
tan ; sin

5 13
   

5
cos

13
 

 C = 
5

65 cos 65 25 kN
13

     

C = 
12

65 sin 65 60 kN
13

     
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(ii) DE

(I) = P = w × l = 10 × 2 = 20 kN 

(II) DE E

(a) V = 0  VA 

VA – 25 – 60 – (10 × 2) = 0

VA = 25 + 60 + 20 = 105 kN 

(b) H = 0  HA

HA – 25 = 0

HA = 25 kN 

(c) MA = 0 MA

60 kN A

 25 × 1 + 60 × 3 + 25 × 0 + (100 × 2) × 6 – MA = 0

 MA = 25 + 180 + 0 + 120 = 325 kN–m 

(a) H = 0 HA = 0 

(b) V = 0  VA

VA – 10 + 10 – (10 × 2) – 20 + (5 × 2) = 0

VA = 10 – 10 + 20 + 20 – 10 = 30 kN 

(c) MA = 0 MA

 (10 × 1) – (20 × 2) + ({10 × 2} × 3) + (20 × 4) – ({5 × 2} × 5) – MA = 0

 MA = 10 – 40 + 60 + 80 – 50 = 60 kN–m 
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40 kN, 30 kN 20 kN 

(a) H = 0 HA = 0 kN 

(b) V = 0  VA VB

VA – 40 – 30 – 20 + VB = 0,

VA + VB = 90 kN

(c) M = 0

(i) A

MA = (40 × 2) + (30 × 5) + (20 × 8) – (VB × 10) + (VA × 0) = 0

 10 VB = 80 + 150 + 160 = 390

VB = 
390

39 kN
10

 

(ii) B

MB = (VA × 10) – (40 × 8) – (30 × 5) – (20 × 2) + (VB × 0) = 0

 10 VA = 320 + 150 + 40 = 510

VA = 
510

51 kN
10

 
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(d) (b)

VA + VB = 90 VA VB 

= 51 + 39 = 90 = 

C 45o

100 kN 

 C 100 kN    = 100 × cos 45o = 70.71 kN 

C 100 kN = 100 × sin 45o = 70.71 kN 

DB 

E

= P = (5 × 4) = 20 kN, E 

(a) H = 0  HA

HA + 70.71 = 0

HA = – 70.71 kN 

(b) V = 0  VA VB 

VA – 70.71 – (5 × 4) + VB = 0

VA + VB = 90.71 kN 

(c) M = 0 

(i) A
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MA = VA × 0 + HA × 0 + 70.71 × 2 + 70.71 × 0 + (5 × 4) × 6 – VB × 8 = 0

 8 VB = 0 + 0 + 141.42 + 0 + 120 = 261.42

VB = 
261.42

32.68 kN
8

 

(ii) B

MB = VB × 0 – (5 × 4) × 2 – 70.71 × 6 + 70.71 × 0 + HA × 0 + VA × 8 = 0

 8 VA = 0 + 40 + 424.26 – 0 – 0 = 464.26

VA = 58.03 kN  

(d) (b)

VA + VB = 90.71 kN

VA VB 

= 58.03 + 32.68 = 90.71 kN = 

10 m AB A B

30o

(i) 30o 

RB 60o

(b) RB

HB = RB cos 60o = 0.5 RB 
VB = RB × sin 60o = 0.866 RB 

(ii) D 60o 10 kN
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D 10 kN = 10 × Cos 60o = 5.0 kN 
D 10 kN = 10 × Sin 60o = 8.66 kN 

(a) H = 0  HA

HA – 5.0 – 0.5 RB = 0

HA – 0.5 RB = 5.0 kN

(b) V = 0  VA VB 

VA – 20 – 8.66 + 0.866 RB = 0

VA + 0.866 RB = 28.66 kN

(c) M = 0 A

MA = VA × 0 + HA × 0 + 20 × 2 + 8.66 × 6 + 5 × 0 – VB × 10 + HB × 0 = 0

 0 + 0 + 40 + 51.96 + 0 – 10 × 0.866 RB + 0 = 0 VB = 0.866 RB

 8.66 RB = 91.96

RB = 
91.96

10.62 kN
8.66

 

(d) (a) RB HA

HA – 0.5 RB = 5.0

HA = 5.0 + 0.5 × 10.62 = 10.31 kN 
(e) (b) RB VA 

VA – 0.866 RB = 28.66

VA = 28.66 – 0.866 × 10.62 = 19.46 kN 

II
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(i) C 100 kN 

 C 100 kN = 100 × 3/5 = 60 kN 
C 100 kN = 100 × 4/5 = 80 kN 

(ii) DB

= P = (25 × 5) = 125 kN, D 2.5 m

(iii) EG  20 kN 

(a) H = 0  HA

HA – 60 + 20 = 0

HA = 40 kN 

(b) V = 0  VA VB 

VA – 80 – (25 × 5) + VB = 0

VA + VB = 205 kN 

(c) M = 0

(i) A

MA = VA × 0 + HA × 0 + 60 × 0 + 80 × 3 + 125 × 9.5 – VB × 12 + 20 × 3 = 0

 0 + 0 + 0 + 240 + 1187.50 – 12 VB + 60 = 0

 12 VB = 1247.5

VB = 103.96 kN   

(ii) B

MB = 20 × 3 + VB × 0 – 125 × 2.5 – 80 × 9 + 60 × 0 + HA × 0 + VA × 12 = 0

 12 VA = – 60 + 312.5 + 720 = 972.5

 VA = 
972.5

81.04 kN
12

 

(d) (b) VA + VB = 205 kN 

VA + VB = 81.04 + 103.96 = 205 kN = 
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(i) AC AC P (20 × 1.5)

= 30 kN 
(ii) CABE D 10 kN 10

× (0.5 + 0.5) = 10 kN.m 

(a) H = 0  HA

HA – 10 + 10 = 0

HA = 0 kN 

(b) V    VA VB 

VA – (20 × 1.5) – 20 + VB = 0

VA + VB = 50 kN 

(c) M = 0 

(i) A

MA = 20 × 4 – VB × 2.5 – 10 + VA × 0 + HA × 0 – (20 × 1.5) × 0.75 = 0

 2.5 VB = 80 – 10 + 0 + 0 – 22.5 = 47.5

VB = 
47.5

19.0 kN
2.5

   

(ii) B

MB = 20 × 1.5 + VB × 0 – 10 + HA × 0 + VA × 2.5 – 30 × 3.25 = 0

 2.5 VA = – 30 + 10 + 97.5 = 77.5

VA = 
77.5

31.0 kN
2.5

   
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(d) (b) VA + VB = 50 kN 

VA

+ VB = 31.0 + 19.0 = 50 kN =

RA = 5.6 kN, AC kN/m RB

A RA (kN/m) RB

(a) M = 0 B

MB = RA × 4 – (w × 2) × 3 – 5 × 1 + RB × 0 – 3 × 1 = 0

 5.6 × 4 – 6 w – 5 + 0 – 3 = 0

 6 w = 22.4 – 5 – 3 = 14.4

 w = 14.4/6 = 2.4 kN/m 

(b) V = 0  RB

 RA + RB + 3 – (w × 2) – 5 = 0

 5.6 + RB + 3 – (2.4 × 2) – 5 = 0

 RB = 1.2 kN  

(c) MA = 0

MA = (w × 2) × 1 + 5 × 3 – RB × 4 – 3 × 5 = 2.4 × 2 × 1 + 15 – 1.2 × 4 – 15

= 4.8 + 15 – 4.8 – 15 = 0

MA = 0 
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(i)

F1, F2, F3  F4

F1 A B

F1 FAB F2, F3 F4

F2 B

C F2 FBC

F3 F4 FCD FDE

(ii)

= _____ 

(iii)

= _____ 



70   | 

(a) (b) 

(a)

= _______ 

= ______ 

(b)

o

o

RA

‘op’ F1

‘oq’

‘or’ ‘os’

RB (a)

o 

‘ot’ (b)

‘pt’ ‘ts’

RA RB
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                     (a)                   (b) 

=

(a)

VA VB 

F1 = 40 kN F1

‘P’ ‘Q’ F1

Fpq ‘R’, ‘S’ ‘T’

(a)

= 

(b) ‘p’ Fpq

‘p’ ‘q’

‘pq’ Fpq 

Fqr (F2) Frs (F3) ‘qr’ ‘rs’ 

‘o’

p, q, r s o po, qo, ro 

(b)

RA ‘1’ ‘1’ 

‘po’ F1 ‘2’

‘1–2’ ‘po’ ‘qo’, ‘ro’

‘so’ ‘2–3’, ‘3–4’ ‘4–5’
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‘1’ ‘5’ 

(a) ‘1–5’ ‘o’

‘1–5’ (b)

‘ot’ 

‘pt’ ‘ts’ 

VA = pt × = 2.6 cm × 20 = 52 kN 
VB = ts × = 1.9 cm × 20 = 38 kN 

•

•

• (i) H = 0 (ii) V = 0 (iii) M = 0.

•

•

•

•

(a) (b) (c) (d)

•

(A) (B) (C)

(D) (E)

• (A) (B)

(a) (b) (c)
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(a)

(b) (c) 

•

(i) (ii)

•

•

= ______ 

•

= ______ 

•

= _______ 

= ____ 

o 

o

RA ‘op’ 

F1 ‘oq’ 

‘or’ ‘os’

RB

o 

‘ot’

‘pt’ ‘ts’ 

RA RB
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(A)

(a) 

(b) 

(c) 

(d) 

(a) (b)

(c) (d) 

(a)

(b)

(c)

(d)

(a) H = 0 (b) V = 0

(c) H = 0 V = 0 (d) H = 0, V = 0 M = 0

(a) 

(b) 

(c)

(d) 

(a) (b)

(c) (d) 

(a) (b)

(c) (d)
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(a) (b)

(c) (d)

(a) (b) (c) (d)

5 kN 2 kN

(a) 3.4 kN (b) 3.6 kN (c) 4.5 kN (d) 2.5 kN

(a) (b)

(c) (d)

(a) (b)

(c) (d)

(a) (b)

(c) (d)

(a)

(b)

(c)

(d) (b) (c)

2 kN/m 4 m

(a) 2 kN (b) 4 kN (c) 6 kN (d) 8 kN

(1–c), (2–d), (3–d), (4–d), (5–c), (6–d), (7–c), (8–d), (9–b), (10–a), (11–d),

(12–c), (13–c), (14–d), (15–d)

(B)

(a) (b) (c)
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2 kN

45o 30o

1.04 kN 1.46 kN

W A

B AC

1.155 W 0.577 W

50 N 

90o 30 N, 40 N

W  

W sin  / sin ( + ), W sin  / sin ( + )

20 N C AC BC AC

60o BC 45o

AC BC

14.641 N 10.352 N

61 kN, + X 14.92o

ACB AC 10 kN/m AC

A C 50 kN

B 50 kN.m 

Ha = 0, Va = 80 kN, Ma = 245 kN.m
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AB A

3 kN A B

5.5 kN 4.5 kN

B 2 kN/m 

A B 1.5 kN 4.5 kN

AB

1 kN/m 

A B 1.5 kN 4.5 kN

50 kN

100 kN 20 kN/m 

142.5 kN 167.5 kN

4.33 kN, 24.5 kN 138 kN

0.695 kN, 5.12 kN 6.32 kN

2.49 kN, 8.13 kN 12.46 kN
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P–11 : 

(PrO)
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1

2

3

4

5

6

1

1

2

3

3

F1, F2 F3 

F1, F2 F3

(AB, BC CA) 

1, 2 3
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F1, F2, 1, 2 3

F3

(F3) 

(F )1 (F )2 (F )3 (R)

(N) (N) (N)
(N)

1

2

3

4

5

(N)

(I) K1 =
1

1

F

sin =

(II) K2 =
2

2

F

sin =

(III) K3 =
3

3

F

sin =

FF F 31 2K K K K1 2 3 sin sin sin1 2 3

     
  

....................................................................................................................................

....................................................................................................................................


1


2


3


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200 N 

500 N 

20 N 

....................................................................................................................................

P1
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3
ÿÍÁŸ≈U ÁflÁ‡Êc≈U

ß‚ •äÿÊÿ ◊¥ ÁŸêŸÁ‹ÁπÃ Áfl·ÿÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „ÒUó

 • ÉÊ·¸áÊ •ı⁄U ©‚‚ ‚¥’¥ÁœÃ Ã∑§ŸË∑§Ë ‡ÊéŒ

 • ÉÊ·¸áÊ ∑‘§ ¬˝∑§Ê⁄U

 • ÉÊ·¸áÊ ∑‘§ ÁŸÿ◊

 • ˇÊÒÁÃ¡ Ã‹ ¬⁄U Á¬á« ∑§Ë ‚ÊêÿÊflSÕÊ

 • •ÊŸÃ Ã‹ ¬⁄U Á¬á« ∑§Ë ‚ÊêÿÊflSÕÊ

 ““ªÁÃÁflÁœ ÷Êª”” ∑‘§ •¥Ãª¸Ã ∑È§¿ ªÁÃÁflÁœÿÙ¥ ∑§Ù ß‚ Ã⁄U„ ‚ Á‹ÿÊ ªÿÊ „Ò Á∑§ ¿ÊòÊ Á‚hÊãÃ ∑§Ù •ë¿Ë 
Ã⁄UË∑‘§ ‚ ‚◊¤Ê ‚∑‘§¥– ß‚ ÿÍÁŸ≈U ◊¥ •Êª ∑‘§ ∑§Êÿ¸ ∑‘§ Á‹∞ ““•èÿÊ‚”” üÊáÊË ∑‘§ •¥Ãª¸Ã é‹Íê‚ ≈UÄU‚ÙŸÙ◊Ë ∑‘§ •ŸÈ‚Ê⁄U 
‹ÉÊÈ •ı⁄U ŒËÉÊ¸ ©ûÊ⁄UËÿ ¬˝‡ŸÙ¥ ‚Á„Ã •Ÿ∑§ ‚¥ÅÿÊà◊∑§ ¬˝‡ŸÙ¥ ∑‘§ ‚ÊÕ-‚ÊÕ ““flSÃÈÁŸc∆U ¬˝‡Ÿ”” üÊáÊË ∑‘§ •¥Ãª¸Ã •Ÿ∑§ 
’„ÈÁfl∑§À¬Ë ¬˝‡ŸÙ¥ (∞◊‚ËÄUÿÍ) ∑§Ê ‚◊Êfl‡Ê Á∑§ÿÊ ªÿÊ „Ò–

 øÍ°Á∑§ ß¥¡ËÁŸÿÁ⁄U¥ª ∑§Ë •Ÿ∑§ ‡ÊÊπÊ•Ù¥ ◊¥ ÷Áflcÿ •ŸÈ¬˝ÿÙªÙ¥ ∑‘§ Á‹∞ ÿ„ ÿÍÁŸ≈U ’„ÈÃ ◊„àfl¬ÍáÊ¸ „Ò; Á¡ôÊÊ‚Ê 
•ı⁄U ⁄UøŸÊà◊∑§ÃÊ ¬ÒŒÊ ∑§⁄UŸ ∑‘§ Á‹∞ ÿÍÁŸ≈U Áfl·ÿÙ¥ ∑‘§ √ÿÊfl„ÊÁ⁄U∑§ •ŸÈ¬˝ÿÙªÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „Ò– ÁflœÊÕË¸ ∑§Ë ‚◊SÿÊ 
‚◊ÊœÊŸ ˇÊ◊ÃÊ ◊¥ ‚ÈœÊ⁄U ∑‘§ Á‹∞ ¬Ê∆˜ÿ∑˝§◊ ∑§Ë •Êfl‡ÿ∑§ÃÊ•Ù¥ Ã∑§ ‚ËÁ◊Ã ∑È§¿ ©ëø SÃ⁄U ∑§Ë ‚◊SÿÊ•Ù¥ ¬⁄U øøÊ¸ 
∑§Ë ªß¸ „Ò–

 ÿÍÁŸ≈U ◊¥ ‚¥Œ÷¸ ∞fl¥ •äÿÿŸ „ÃÈ ‚È¤ÊÊfl ∑§Ë ∞∑§ ‚ÍøË ŒË ªß¸ „Ò, ÃÊÁ∑§ •Áœ∑§ ¡ÊŸ∑§Ê⁄UË ∑‘§ Á‹∞ •äÿÿŸ 
Á∑§ÿÊ ¡Ê ‚∑‘§– ÿ„ äÿÊŸ ⁄UπŸÊ ◊„àfl¬ÍáÊ¸ „Ò Á∑§ ÁflÁ÷ãŸ Áfl·ÿÙ¥ ¬⁄U •Áœ∑§ ¡ÊŸ∑§Ê⁄UË ¬˝Ê# ∑§⁄UŸ ∑‘§ Á‹∞ ∑È§¿ ÄUÿÍ•Ê⁄U 
∑§Ù« ¬˝ŒÊŸ Á∑§∞ ª∞ „Ò¥, Á¡ã„¥ ¬˝Ê‚¥Áª∑§ ‚„Êÿ∑§ ôÊÊŸ ∑‘§ Á‹∞ S∑Ò§Ÿ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò– ÄUÿÍ•Ê⁄U ∑§Ù« ‚¥Œ÷ÙZ ∑§Ê 
øÿŸ ß‚ Ã⁄U„ ‚ Á∑§ÿÊ ªÿÊ „Ò Á∑§ ÁflœÊÕË¸ Sflÿ¥ / ∞Ÿ¬Ë≈UËß¸∞‹ ∑‘§ ¬Ê∆˜ÿ∑˝§◊Ù¥ ∑§Ù ‹Ÿ ∑‘§ Á‹∞ ¬˝Ùà‚ÊÁ„Ã „Ù ‚∑‘§¥–

÷ÍÁ◊∑§Ê

ÄUÿÊ •Ê¬Ÿ ∑§÷Ë ÁfløÊ⁄U Á∑§ÿÊ „Ò Á∑§ ∞Õ‹Ë≈U •Áœ∑§Ã◊ ªÁÃ ‚ Œı«∏Ÿ ∑‘§ Á‹∞ ∑§∆Ù⁄U ∞fl¥ πÈ⁄UŒÈ⁄U ÃÀ‹ flÊ‹ ¡ÍÃ 

¬„ŸÃ „Ò¥, fl ∑Ò§ŸflÊ‚ ∑‘§ ‚ÊœÊ⁄UáÊ ¡ÍÃ ¬„Ÿ∑§⁄U Ã¡ Ÿ„Ë¥ Œı«∏ ‚∑§Ã, ÄUÿÙ¥? ÄUÿÊ •Ê¬Ÿ ∑§÷Ë ÁÉÊ⁄UŸË ∑§Ë ‚„ÊÿÃÊ  

ÉÊ·¸áÊ
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I II

CO-1
 

U3-01 - - 3 - - 

U3-02 1 - 3 - -

U3-03 2 2 3 - - 

CO-2 CO-3 CO-4 CO-5

W P

(a) V = 0 

N, W  N = W
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              (a)               (b) 

F 

(b) H = 0, 

F, P

 F = P
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(a) W

P = 0

F F = 0

P P

F

P = P1, (b)

F (Fmax)

F P F

Fmax P P1

P F

 (a) (b)  (c) 

P F

P F P, P1 

P = 0, F = 0, P F 

P P P > P1, 

P F
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P F 

()

Fmax 

() 

 = max.F

N
, Fmax. N

()

P

R F N

 

OZY

tan  = 
ZY

OZ
  

F

N


                   (a)                           (b) 



88   | 

P F  
F Fmax 


tan  = 
 = tan–1 ()

()

 W






()

(i) W

N = W cos  ...(i)

(ii) W

F =  sin  ...(ii)

  F Fmax. 

Fmax. = N

(i) (ii)

W sin  =  × W cos 
tan  =  = tan 

 = 
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(a) (b) 

(a) 

Fs Fs < s N

s N

(b) 

Fk 

P1 Fk Fk = k N 

k N

(i) (ii) 

(i)

(ii)

(s) (k)

0.4 – 0.7 0.3

0.25 – 0.65 0.3

0.5 – 0.6 0.3 – 0.5

0.6 0.3

0.05 0.03

0.4 0.02

0.3 – 0.6 0.4
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P 

P (i) (iii) 

(i) H = 0  Fmax. = P Fmax. P = 

(ii) V = 0  N = W N = W =

Fmax 

(iii) Fmax. =  N  = N = 
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                    (a) (b) 

(i) H = 0  Fmax. = P cos  Fmax. = P = 

(ii) V = 0  W = N + P sin  N = W =

Fmax 

(iii) Fmax. =  N  = N = 

150 N 

0.25 

(a) P = 30 N 

(b) P

(c) P 30o

(d) P 30o

             (a) P = 30 N                           (b) 
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(c) 30o (d) 30o

(a) W = 150 N,  = 0.25 P = 30 N, (a)

(i) V = 0,  N = W = 150 N

(ii) H = 0,  F = P = 30 N

(iii) Fmax. = µ N = 0.25 × 150 = 37.5 N

F < Fmax, Fmax 

(b) W = 150 N,  = 0.25 (b)

(i) V = 0,  N = W = 150 N

(ii) Fmax. = µ N = 0.25 × 150 = 37.5 N

(iii) H = 0  P = Fmax = 37.5 N

(c) W = 150 N,  = 0.25 (c)

(i) V = 0 N = 150 – P sin 30o

N = 150 – 0.5 P

(ii) Fmax. =  N

Fmax = 0.25 (150 – 0.5P)

Fmax = 37.5 – 0.125 P

(iii) H = 0 , P cos 30o = Fmax

(ii) Fmax.

P cos 30o = 37.5 – 0.125 P

 0.866 P + 0.125 P = 37.5

 P = 37.84 N   
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(d) W = 150 N,  = 0.25 (d)

(P) 

(Fmax) 

(i) V = 0 , N = 150 + P sin 30o

     N = 150 + 0.5 P

(ii) Fmax = µ N

Fmax = 0.25 (150 + 0.5P)

Fmax = 37.5 + 0.125 P

(iii) H = 0 P cos 30o = Fmax.

(ii) Fmax. 

0.866 P = 37.5 + 0.125 P

 0.741 P = 37.5

 P = 50.61 N  

80 N R, 

R

Fmax. = 80 N  = 0.2

(i) = Fmax. = N,

 80 = 0.2 N

N = 
80

0.2

 N = 400 N

(ii)  R N Fmax 

R2 = N2 + Fmax.2 

 R2 = 4002 + 802 = 166400

 R = 407.92 N 
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R

30o 180 N

30o 220 N 

(a) 30o 180 N (b) 30o 220 N 

(a) (b)

 = 30o P = 180 N = P = 220 N

(A) I 30o 180 N 

(i) H = 0  F = P cos 
 F = 180 × cos 30o

 F = 155.9 N

(ii) V = 0 W = N + P sin 
 W = N + 180 × sin 30o

 W = N + 90

 N = W – 90

(iii) = F =  N =  (W – 90)

 155.9 =  (W – 90) ... (i)
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(B) II 30o 220 N 

(i) H = 0  F = P cos 
 F = 220 × cos 30o

 F = 190.5 N

(ii) V = 0 N = W + P sin 

N = W + 220 × sin 30o

N = W + 110

(iii) = F =  N =  (W + 110)

                   190.5 =  (W + 110) ...(ii)

(C) (i) (ii) 

155.9 (W 90) (W 90)

190.5 (W 110) (W 110)

  
 

  

 155.9 (W + 110) = 190.5 (W – 90)

 155.9 W + 17149 = 190.5 W – 17145

    34.6 W = 34249

         W = 991.16 N  

(D) W (i) 

 155.9 =  (W – 90) =  (991.16 – 90) =  (901.16)

  = 155 9 901 16 . .

  = 0.173 

 
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(i)

(ii) 

(a)

 (a)  (b) 

(i)

P = Fmax. + W sin 

P =  N = W sin  Fmax. =  N ...(i)

(ii)

N = W cos  ...(ii)

(ii) (i) P =  W cos + W sin  ...(iii)

 = = tan  = 
sin

,
cos


 (iii) 

P = 
sin

cos


  W cos   + W sin 

 P cos  = W sin  cos  + W cos  sin 
 P cos  = sin ( + )

P = 
W sin ( )

cos

 
 ...(iv)
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P (iv)

(b)

(a) 

P = 
W sin ( )

cos


 ...(v)

P (v)

30o

(i) (ii) 

(a)     (b) 

 = 30o,  = 0.25 = m = 10 kg, W = mg = 10 × 9.8 N = 98 N

(A)

(i)

   N = W cos 
 N = 90 × cos 30o

 N = 84.87 N ...(i)

(ii)

P = Fmax. + W sin 
P =  N + W sin  ... (ii)
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  N W 

P = (0.25 × 84.87) + (98 × sin 30o)

P = 70.22 N 

(B)

(i)

N = W cos 
N = 90 × cos 30o

N = 84.87 N ...(i)

(ii)

P = Fmax. – W sin 
P =  N – W sin  ...(ii)

  N W

P = (0.25 × 84.87) – (98 × sin 30o)

P = –27.78 N 

(iv) (v)

500 N 

200 N

300 N 

(a) (b)

Fmax. 

Fmax. =  N 

(a) (b) 
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W = 500 N, (i) 200 N (ii) 300 N,

(A)

(i)

   N = W cos 

 N = 500 × cos  ...(i)

(ii)

P + Fmax. = W sin     Fmax. =  N ...(ii)

(i) P, N W 

   200 + ( × 500 × cos ) = (500 × sin )

 200 = 500 × sin  –  × 500 × cos  ...(iii)

(B)

(i)

   N = W cos 

 N = 500 × cos  (A) 

(ii)

     P = W sin  + Fmax. Fmax. =  N

 300 = (500 × sin ) + ( × 500 × cos ) ...(iv)

(C) (iii) (iv) 

     500 = 1000 × sin 

 sin  = 0.5

      = 30o

(D) (iv) 

300 = (500 × sin ) + ( × 500 × cos )

300 = (500 × 0.5) + ( × 500 × 0.866)

 300 = 250 + ( × 433.01)

    = 0.1155 
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•

•

• Fmax. 

() 

• ()

• () R F N

 Fmax. 

•

•

•

(i)

(ii)

•
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•

(i) H = 0  Fmax. = P Fmax. = P =

(ii) V = 0  N = W N = W =

(iii) Fmax. =  N  = N = 

•

(i) H = 0  Fmax. = P cos  Fmax. = P =

(ii) V = 0  W = N + P sin  N = W =

(iii) Fmax. =  N  = N = 

•

(a)

P = 
W sin ( )

cos

  


(b)

P = 
W sin ( )

cos

  


(A)

(a) (b)

(c) (a) (b) (d)

(a) 

(b)

(c)

(d)

(a) (b)

(c) (d)
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(a)

(b)

(c)

(d)

(a) (b)

(c) (d)

(a) (b)

(c) (d)

(a) (b)

(c) (d)

(a)

(b)

(c)

(d) (a) (c) (e) (a), (b) (c)

(a) (b)

(c) (d)

(a) (b)

(c) (a) (b) (d) (a) (b)

(1–d), (2–a), (3–a), (4–d), (5–c), (6–a), (7–b), (8–e), (9–c), (10–c)
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(B)

(a) (b) (c) (d) (e)

(f) (g) 

60 N 

20o 18 N 

0.255

60 N 

25o 75 N

25o 

253.83 N, 0.238


W sin 

100 N 

15o

26.79 N

50 N 14o 18 N

0.383

15o 500 N 250 N

0.25

500 N 30o 

0.4 

76.68 N, 422.5 N
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250 N 30o

P

P

189.95 N, 60.05 N

200 N 400 N A B, AB

A B

AB

17.57o, 31.78 N

500 N 25o

20o 46.4 N, 376.2 N

P–15 : 

(PrO)

PrO1 : 

PrO2 : 
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1g, 2g, 5g, 10g, 20g, 50g, 100g, 

200g, 500g 

1

2

3

4

5

1

1

4 to 6

1

2
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(P) 

(P) 

(P) 

(P) 

W + 

P + 

X (W) Y (P) 

()

(W)

1

(P)

2

3

4

5

P
W

 =  ( )
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 = 
P

W

....................................................................................................................................

....................................................................................................................................

....................................................................................................................................

P1
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1. D.S.Bedi, “Engineering Mechanics”; Khanna publications, New Delhi.

2. Khurmi RS, “Applied Mechanics”; S. Chand & Co, New Delhi.

3. Ramamrutham, “Engineering Mechanics”; S. Chand & Co, New Delhi.

4. Bansal RK, “A text book of Engineering Mechanics”; Laxmi publications, New Delhi.

5. Dhade, Jamadar & Walawelkar, “Fundamentals of Applied Mechanics”; Pune VidhyarthiGruh,

Pune

6. Meriam JL, Kraige LG, “Engineering Mechanics- statics -Vol.-I”; Wiley publication, New

Delhi.

7. Beer, Johnson, Mazurek, Cornwell &Sanghi, “Vector Mechanics for Engineers - Statics and

Dynamics”; Tata McGraw Hill, New Delhi.

8. https://nptel.ac.in/courses/112/106/112106286/

9. https://nptel.ac.in/courses/122/104/122104015/

10. https://www.youtube.com/playlist?list=PLC3A601B6060658D3

11. https://www.youtube.com/playlist?list=PLB85BDFBE784B



4
ÿÍÁŸ≈U ÁflÁ‡Êc≈U

ß‚ •äÿÊÿ ◊¥ ÁŸêŸÁ‹ÁπÃ Áfl·ÿÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „ÒUó

 • ªÈL§àfl ∑‘§ãº˝ (CG) ∞fl¥ ∑‘§ãº˝∑§ ∑§Ë ¬Á⁄U÷Ê·Ê

 • ªÈL§àfl ∑‘§ãº˝ (CG) ∞fl¥ ∑‘§ãº˝∑§ ∑‘§ ’Ëø ÃÈ‹ŸÊ

 • CG ‚ ‚¥’¥ÁœÃ ÁflÁ÷ãŸ Ã∑§ŸË∑§Ë ¬Œ

 • 1D ÃÕÊ 2D •flÿflÙ¥ ∑‘§ Á‹∞ ◊ÊŸ∑§ •Ê∑Î§ÁÃÿÙ¥ ∑‘§ ∑‘§ãº˝∑§

 • ‚¥ÿÈQ§ •Ê∑Î§ÁÃ (¬≈U‹) ∑§Ê ∑‘§ãº˝∑§

 • ‚⁄U‹ ◊ÊŸ∑§ ∆Ù‚Ù¥ [3D •flÿflÙ¥] ∑§Ê CG

 • ‚¥ÿÈQ§ ∆Ù‚ ∑§Ê CG

 øÍ°Á∑§ ÿ„ ÿÍÁŸ≈U •ãÿ ¬Ê∆˜ÿ∑˝§◊Ù¥ ◊¥ •ª‹Ë ÿÍÁŸ≈U (¡«∏àfl •ÊÉÊÍáÊ¸) ∑‘§ Á‹∞ ◊„àfl¬ÍáÊ¸ „Ò; ©ŒÊ„⁄UáÊ  

∑§Ù „‹ ∑§⁄UŸ ∑‘§ Á‹∞ •Ê‚ÊŸ ‚Ê⁄UáÊË’h ÁflÁœ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „Ò– ©ŒÊ„⁄UáÊÙ¥ ∑§Ù „‹ ∑§⁄UŸ ∑§Ê ∑§Ùß¸ •ãÿ  

Ã⁄UË∑§Ê ““ß‚ ¬˝ÿÊ‚ ∑§⁄U ¥”” ‡ÊË·¸∑§ ∑‘§ Ã„Ã ÁŒÿÊ ªÿÊ „Ò– ““ªÁÃÁflÁœ ÷Êª”” ∑‘§ •¥Ãª¸Ã ∑È§¿ ªÁÃÁflÁœÿÙ¥  

∑§Ù ß‚ Ã⁄U„ ‚ Á‹ÿÊ ªÿÊ „Ò Á∑§ ¿ÊòÊ Á‚hÊãÃ ∑§Ù •ë¿Ë Ã⁄UË∑‘§ ‚ ‚◊¤Ê ‚∑‘§¥– ß‚ ÿÍÁŸ≈U ◊¥ •Êª ∑‘§ ∑§Êÿ¸  

∑‘§ Á‹∞ ““•èÿÊ‚”” üÊáÊË ∑‘§ •¥Ãª¸Ã é‹Íê‚ ≈UÄU‚ÙŸÙ◊Ë ∑‘§ •ŸÈ‚Ê⁄U ‹ÉÊÈ •ı⁄U ŒËÉÊ¸ ©ûÊ⁄UËÿ ¬˝‡ŸÙ¥ ‚Á„Ã •Ÿ∑§  

‚¥ÅÿÊà◊∑§ ¬˝‡ŸÙ¥ ∑‘§ ‚ÊÕ-‚ÊÕ ““flSÃÈÁŸc∆U ¬˝‡Ÿ”” üÊáÊË ∑‘§ •¥Ãª¸Ã •Ÿ∑§ ’„ÈÁfl∑§À¬Ë ¬˝‡ŸÙ¥ (∞◊‚ËÄUÿÍ) ∑§Ê ‚◊Êfl‡Ê 

Á∑§ÿÊ ªÿÊ „Ò–

 ÿÍÁŸ≈U ◊¥ ‚¥Œ÷¸ ∞fl¥ •äÿÿŸ „ÃÈ ‚È¤ÊÊfl ∑§Ë ∞∑§ ‚ÍøË ŒË ªß¸ „Ò, ÃÊÁ∑§ •Áœ∑§ ¡ÊŸ∑§Ê⁄UË ∑‘§ Á‹∞ •äÿÿŸ 

Á∑§ÿÊ ¡Ê ‚∑‘§– ÿ„ äÿÊŸ ⁄UπŸÊ ◊„àfl¬ÍáÊ¸ „Ò Á∑§ ÁflÁ÷ãŸ Áfl·ÿÙ¥ ¬⁄U •Áœ∑§ ¡ÊŸ∑§Ê⁄UË ¬˝ÊåÃ ∑§⁄UŸ ∑‘§ Á‹∞ ∑È§¿ ÄUÿÍ•Ê⁄U 

∑§Ù« ¬˝ŒÊŸ Á∑§∞ ª∞ „Ò¥, Á¡ã„¥ ¬˝Ê‚¥Áª∑§ ‚„Êÿ∑§ ôÊÊŸ ∑‘§ Á‹∞ S∑Ò§Ÿ Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò– 

∑§ãº˝∑§ ∞fl¢ ªÈL§àfl ∑§ãº˝
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1.

2.

3.

CO-1 CO-2 CO-3 CO-4 C O-5

U4-O1 - - - 3 - 

U4-O2 - - - 3 -

U4-O3 - - - 3 -
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(CG)

R G 

(CG) 

(CG)
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x y

(OY) (OX)
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(x – x y – y 

y–y x y

x–x y x

(a) T– y – y x

y

(b) C– (a) x – x y

x

(c) I– (b) x – x y – y 

x y

(d) L– (c)

x y

(a) C–                  (b) I–                       (c) L–
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1D 2D

(A) 

yx

AB

2r

(r)

x = r y = r

AB

AB

 1.

2.

3.

4.

L

L

2

 
 
 

r r
2r



r

2

 2r


2r



B

G

L

A

G

y

x

y

x

x

y 

XO

Y

r

G

y

y

x

x

y

A B

O
X

Y

C

x

G

A

B

O

y

x
X

Y

r
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(B) 

yx

 1.

2.

3.

4.

5.

A = B.D.

A = r2

r r

B

2

D

2

1
A b.h

2


1
b

3

1
h

3

1
A .b.h

2


b

2

b

3

h
A (a b)

2
 

b

2

h b 2a

3 b a

 
  

2
A d

4




x x

x

x x

x

x x

x

x x

x

x x

x
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(CG)

(90o, 180o, 270o 350o) 

(B)

X– Y–

X–

6.

7.

r

2
r

A
2




4r

3

2
r

A
2




4r

3
4r

3

x x

x

x x

x
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Y–

X– Y–

A

(mm2 x y

1 A1 x1 y1 A1x1 A1y1

2 A2 x2 y2 A2x2 A2y2

n n An xn yn Anxn Anyn

A = --- --- Ax = Ay =

(CG) ( x , y ) 

(a) 
xA

A





x  

yA
(b) y

A






100 mm × 150 mm × 30 mm T–

A.x A.y
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T– ABCD 

EFGH 

X– OX Y– OY

X– Y–

x y

A

(mm2 x y

1
100×30 = 3000 150000 405000

ABCD (100×30 mm)

2
30×120 = 3600

50
180000 216000

EFGH (30×120 mm)

A = 6600 --- ---
Ax = Ay =

330000 621000

(CG) 

(a)
A 330000

50.00 mm
A 6600


  


xx

y–y x

x = 
2

100
50.00;

2
 

(b)
yA 621000

y 94.09 mm
A 6600


  



C–

100
50

2


30
120 135

2
 

120
60

2


A.x A.y
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C–

X– OX y– OY

X– Y–

x y

A

(mm2
A.x A.y

1

[ABCD]

2

[CEFG]

3

[GHU]

yx

120×40 = 4800

40×50 = 2000

120×40 = 4800

A = 11600

120
60

2


120 – 20 = 100

--- ---

120
60

2


40
20

2


50
40 65

2
 

40
40 50 110

2
  

288000 96000

200000 130000

288000 528000

776000 754000

Ax = Ay =



120   | 

(CG) 

(a)
A 776000

66.90 mm
A 11600


  


xx

(b)
yA 754000

y 65.00 mm
A 11600


  



x–x y

y = 
2

130
65.00 mm;

2
 

(120 × 130) (+ ve) 

(80 × 50) (– ve)

(B) 

90o x y y x

180o
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X– OX Y– OY

X– Y–

x y

(CG) 

(a)
A 8711354.18

167.23 mm
A 52092.04


  


xx

(b)
yA 5742425.40

y 110.23 mm
A 52092.04


  



(a)

(b)

(c)

(d) (b) (c) 

A

(mm2 A.x A.y

yx

1 [ABCD]

(300×250 mm)

2

2[CHI] (120 mm

3

[EFG] =

100 mm

30 × 250 = 75000

120
120 7200

2
  

2
100

15707.96
2


 

A = 52092.04 --- ---

300–40=260 240–40=210 –1872000 –1512000

35+100=135 –666645.82 –2120574.60

11250000 9375000300
150

2


250
250

2


4 100
42.44

3






Ax = Ay =

8711354.18 5742425.40
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3–D

(CG) 

yx

 1.

2.

4.

3.

r

r

r

r32
V r

3
 

3r

8

r34
V r

3
 

2
V r h

3




h

4

h

2
V = r2hx x

x

x x

x

x x

x

x x

x
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(CG)

(A) (V) 

X– Y–

X–

Y–

X– Y–

V V.x V.y

(mm3 x y

1 V1 x1 y1 A1x1 A1y1

2 V2 x2 y2 A2x2 A2y2

n n Vn xn yn Anxn Anyn

V = --- --- Ax = Ay =

(CG) ( x , y ) 

(a)
V

V





xx   (b)   
yV

y
V





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(CG) 

CG 

OABC BCD

X– Y–

X–

Y–

X– Y–

V

(mm3 V.x V.y

yx

1 OABC

(D = H =

160 mm)
257359270.40 257359270.40

R2H

=  × 802 × 160

= 321699.88

D

2

= 80

160

2


H

2

= 80

160

2

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(CG) ( x , y ) 

(a)
V 343145693.60

80.00 mm
V 4289321.17


  


xx

(b)
yV 471825328.40

y 110.00 mm
V 4289321.17


  



OAD BCD 

OAD DOE OAD 

DE DF

OE CF


2 BCD

(d = h =

160 mm)

85786423.20 214466058.00

r2h

= 
2

80 160

3

 

= 1072330.29

d

2

= 80

160

2


h
H

4


= 200

160
160

4
 

--- ---V = 4289321.17
Vx =

343145693.60

Vy =

471825328.40
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
DE (DE 100)

50 25




 25 DE = 50 DE – 5000

 25 DE = 5000

  DE = 200 mm

  h2 = DF

= DE – EF

= 200 – 100

  h2 = 100 mm

OAD BCD 

OAD BCD 

X– Y–

X–

Y–

X– Y–

V

(mm3 V.x V.y

yx

OAD

(D = 100 mm

H = 200 mm)

78539816.50 78539816.50

R2H

=  × 502 × 200

= 1570796.33

D

2

= 50

100

2


H

4

= 50

200

4


1

BCD

(d = 50 mm

h2 = 100 mm)

2

V = 1374446.79 --- ---
Vx = Vy =

68722339.46 53996124.00

–9817477.04 –24543692.50

– r2h

= –  × 252 × 100

= – 196349.54

50
2

1

h
h

4


100
160

4
 

= 200
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(CG) ( x , y ) 

(a)
V 343145693.60

50.00 mm
V 4289321.17


  


xx

y–y x

x  = 
2

  = 
100

2
 = 50.00 mm; 

(b)
yV 53996124.00

y 39.29 mm
V 4289321.17


  



• 

• 

•

•

•

•

• x – x y – y 

•

•
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(A)

(a)

(b)

(c)

(d)

(e)

‘a’ 

(a)
a 3

2
(b)

a 2

3
(c) 

a

2 3
(d) 

a

3 2

a b h 

(a) 
h b 2a

3 b a





(b) 

h b 2a

4 b a






(c) 
h b 2a

2 b a





(d)

b a
h

b 2a






r 

(a) 
3r

4
(b) 

4r

3
(c) 

4

3r


(d) 

3

4r



r 

(a) 
3r

8
(b) 

3

8r
(c) 

8r

3
(d) 

8

3r

d h 

(a) 
h

2
(b) 

h

3
(c) 

h

4
(d) 

h

6
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d h 

(a) 
h

2
(b) 

h

3
(c) 

h

4
(d) 

h

6

r

(a) 
3r

4
(b) 

4r

3
(c) 

4

3r


(d) 

3

4r



‘b’ ‘h’ 

(a) 
h

2
(b) 

h

3
(c) 

h

4
(d) 

h

6

r 2 r 

(a) (b)

(c) (d)

(1–a), (2–c), (3–a), (4–b), (5–a), (6–c), (7–a), (8–b), (9–b), (10–c)

(B)

(a) (b)

(c) (d)

(a) (b)

(c) (d)

T– 200 × 20 mm 300 × 20 mm 

x = 100 mm, y = 214.0 mm

I– 200 × 20 mm 300 × 20 mm

400 × 40 mm 

( x , y ) = (200, 110 mm)
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90 × 60 × 6 mm 

x = 14.25 mm, y  = 29.25 mm

( x , y ) = (2.33 m, 4.0 m)

T– 150 × 20 mm 200 × 20 mm 

( x , y ) = (75 mm, 147.14 mm)

500 mm 100 mm 

( x , y ) = (256.25 mm, 250 mm)

50 mm 100 mm 

(45.27 mm, 50 mm)

( x , y ) = (20 mm, 11.55 mm)

( x , y ) = (60 mm, 82.5 mm)

( x , y ) = (50 mm, 39.3 mm)

60 × 40 × 10 mm 

( x , y ) = (11.67 mm, 21.67 mm)

100 × 50 × 15 mm x = 17.79 mm

P–16 : 
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(PrO)

PrO1 : 

PrO2 : 

1

2

3

4

5

2 to 3

1

1

1

2
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1

2

3

Y X Y X
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....................................................................................................................................

P1
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5 ‚⁄U‹ ©UàÕÊ¬∑§ ◊‡ÊËŸ¥

ÿÍÁŸ≈U ÁflÁ‡Êc≈U

ß‚ •äÿÊÿ ◊¥ ÁŸêŸÁ‹ÁπÃ Áfl·ÿÙ¥ ¬⁄U øøÊ¸ ∑§Ë ªß¸ „ÒUó
 • ‚⁄U‹ ©àÕÊ¬∑§ ◊‡ÊËŸ ‚ ‚¥’¥ÁœÃ ¬Á⁄U÷Ê·Êÿ¥ •ı⁄U ∑§È¿ Ã∑§ŸË∑§Ë ‡ÊéŒ
 • ◊‡ÊËŸ ∑§Ê ÁŸÿ◊
 • ∑È§¿ ‚⁄U‹ ©àÕÊ¬∑§ ◊‡ÊËŸÙ¥ ∑‘§ Á‹∞ flªÊŸÈ¬ÊÃ
 ÿÍÁŸ≈U ∑§Ë ¬˝∑Î§ÁÃ ¬øËŒÊ •ı⁄U √ÿÊfl„ÊÁ⁄U∑§ „Ò– ∑È§¿ ‹Ù∑§Á¬˝ÿ ÁŒŸ-¬˝ÁÃÁŒŸ ∑‘§ •ŸÈ¬˝ÿÙª ¡Ò‚ S∑˝Í§ ¡Ò∑§, ÁÉÊ⁄UŸË 
•ÊÁŒ flÊSÃfl ◊¥ ¡ËflŸ⁄UˇÊ∑§ •ŸÈ¬˝ÿÙª „Ò¥– ‹Á∑§Ÿ ©Ÿ∑§Ë Ã∑§ŸË∑§Ë •flœÊ⁄UáÊÊ ∑§Ù ¬ÈSÃ∑§ ∑‘§ ©¬ÿÙª∑§ÃÊ¸ mÊ⁄UÊ ÁøòÊ •ı⁄U 
¬˝ÿÙª ∑‘§ ‚ÊÕ ‚◊¤ÊŸ ∑§Ë ’„ÈÃ •Êfl‡ÿ∑§ÃÊ „Ò– ß‚Á‹∞ ß‚ ß∑§Êß¸ ◊¥ ◊‡ÊËŸ ∑§Ë Ã∑§ŸË∑§Ë ‚◊¤Ê ∑‘§ ‚ÊÕ-‚ÊÕ ÁøòÊ 
•ı⁄U ¬˝ÿÙª ¡ÊŸ∑§Ê⁄UË ŒË ªß¸ „Ò–
 ◊‡ÊËŸ ∑§Ê ÁŸÿ◊, ©Ÿ∑§Ë •Ê⁄UπËÿ ‚◊¤Ê, ◊‡ÊËŸÙ¥ ∑‘§ Á‹∞ •ãÿ ª˝Ê» ∑È§¿ ◊„àfl¬ÍáÊ¸ •flœÊ⁄UáÊÊ•Ù¥ ∑§Ë øøÊ¸ ÿ„Ê° 
∑§Ë ªß¸ „Ò– ÿÍÁŸ≈U ∑§Ë S¬c≈UÃÊ ∑‘§ Á‹∞ ∑È§¿ ◊„àfl¬ÍáÊ¸ ¬ŒÙ¥ MAmax, VR, ηmax •ÊÁŒ ∑§Ë øøÊ¸ ∑§⁄UŸ ∑§Ë •Êfl‡ÿ∑§ÃÊ 
„Ò–
 ÿÍÁŸ≈U ◊¥ •Êª ∑‘§ ∑§Êÿ¸ ∑‘§ Á‹∞ ““•èÿÊ‚”” πá« ∑‘§ •ãÃª¸Ã ““flSÃÈÁŸc∆U ¬˝‡Ÿ”” üÊáÊË ◊¥ ¬ÿÊ¸åÃ ‚¥ÅÿÊ ◊¥ 
’„ÈÁfl∑§À¬Ë ¬˝‡Ÿ (∞◊‚ËÄUÿÍ) ∑‘§ ‚ÊÕ-‚ÊÕ é‹Íê‚ ≈UÄU‚ÙŸÙ◊Ë ∑‘§ •ŸÈ‚Ê⁄U ‹ÉÊÈ •ı⁄U ŒËÉÊ¸ ©ûÊ⁄UËÿ ¬˝‡ŸÙ¥ ∞fl¥ ‚¥ÅÿÊà◊∑§ 
¬˝‡ŸÙ¥ ∑§Ê ÷Ë ‚◊Êfl‡Ê Á∑§ÿÊ ªÿÊ „Ò–

÷ÍÁ◊∑§Ê
ÄUÿÊ •Ê¬Ÿ ∑§÷Ë Á∑§‚Ë ÷Ê⁄UË ÷Ê⁄U ÿÊ ’Ù¤Ê ∑§Ù ©∆ÊŸ ∑‘§ Á‹∞ ¿«∏ ∑§Ê ©¬ÿÙª Á∑§ÿÊ „Ò? ÄUÿÊ •Ê¬Ÿ ∑§÷Ë ÁÉÊ⁄UŸË ∑§Ë 
‚„ÊÿÃÊ ‚ ∑È§∞° ‚ ¬ÊŸË Áπ¥øÃ „È∞ ŒπÊ „Ò? ÄUÿÊ •Ê¬Ÿ ∑§÷Ë •¬ŸË ∑§Ê⁄U ∑‘§ ¬¥ø⁄U ¬Á„ÿ ∑§Ù ’Œ‹Ÿ ∑‘§ Á‹∞ ©‚ 
©∆ÊŸ ∑‘§ Á‹∞ ¡Ò∑§ ∑§Ê ©¬ÿÙª Á∑§ÿÊ „Ò? ÷Ê⁄UË ÷Ê⁄U ∑§Ù ©∆ÊŸ ∑‘§ Á‹∞ ÿ„ ‹ê’Ë ¿«∏ ÿÊ ¬ÊŸË ÁŸ∑§Ê‹Ÿ ∑‘§ Á‹∞ 
ÁÉÊ⁄UŸË ÿÊ ∑§Ê⁄U ∑‘§ Á‹∞ ¡Ò∑§ ‚÷Ë ‚⁄U‹ ◊‡ÊËŸ „Ò– ßŸ ‚⁄U‹ ◊‡ÊËŸÙ¥ ∑§Ë ¬˝∑Î§ÁÃ ‚ÊœÊ⁄UáÊ „ÙÃË „Ò ‹Á∑§Ÿ ÿ ¬˝ÁÃÁŒŸ ∑‘§ 
∑§ÊÿÙ¥¸ ◊¥ ’„ÈÃ ©¬ÿÙªË „ÙÃË „Ò¥– ÿ ◊‡ÊËŸ¥ „◊Ê⁄U ¬˝ÿÊ‚/•ÊÿÊ‚ ∑§Ù ∑§◊ ∑§⁄U ŒÃË „Ò– ß‚ ÿÍÁŸ≈U ◊¥ „◊ ‚⁄U‹ ©àÕÊ¬∑§ 
◊‡ÊËŸ ∑‘§ ’Ê⁄U ◊¥ øøÊ¸ ∑§⁄UŸ ¡Ê ⁄U„ „Ò¥, ¡Ù ◊ÊŸfl ¡ËflŸ ∑‘§ Á‹∞ ’„ÈÃ ©¬ÿÙªË „ÙÃË „Ò– „◊ ß‚ ÿÍÁŸ≈U ◊¥ ÁflÁ÷ãŸ 
¬˝∑§Ê⁄U ∑§Ë ‡ÊéŒÊfl‹Ë •ı⁄U ◊‡ÊËŸ ∑‘§ ÁŸÿ◊ ∑‘§ ©¬ÿÙª ¬⁄U ÷Ë øøÊ¸ ∑§⁄U¥ª– 
 „◊ ©ëø ÿÊ¥ÁòÊ∑§ ‹Ê÷ ¬˝ÊåÃ ∑§⁄UŸ ∑‘§ Á‹∞ ÁflÁ÷ãŸ ©àÕÊ¬∑§ ◊‡ÊËŸ ∑‘§ flªÊŸÈ¬ÊÃ ¬⁄U ÷Ë øøÊ¸ ∑§⁄U¥ª–

¬Ífl¸ •¬ÁˇÊÃ ôÊÊŸ 
◊ÊäÿÁ◊∑§ Á‡ÊˇÊÊ [◊ÊŸ∑§ } ‚ ∑§ˇÊÊ vÆ Ã∑§] ‚ ÷ıÁÃ∑§Ë •ı⁄U ªÁáÊÃ ∑§Ê ’ÈÁŸÿÊŒË ôÊÊŸ ÃÕÊ ß¥¡ËÁŸÿÁ⁄U¥ª ÿÊ¥ÁòÊ∑§Ë ∑§Ë 
ß‚ ¬ÈSÃ∑§ ‚ Á¬¿‹Ë ÿÍÁŸ≈UÙ¥ ∑§Ê ôÊÊŸ–
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CO–1 CO–2 CO–3 CO–4 CO–5

U5–01 - - - 3 -

U5–02 - - - 3 -

U5–03 - - - 3 -

(i)

(ii)

(iii)
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(iv)

(i) (W) : (W) 

(ii) (P) : (W) (P)

(iii) (MA) : (W) (P) 

MA = 

 MA = 
W

P
 W = P = 

(iv) (VR) : (y) (x) 

VR = 

 VR = 
y

x

(v) () : 

(a) = × 

 = P . y 

(b) = × 

 = W . x

= × 100%

  =  × 100

=  
w. W / P

100 100
p.y y /

  
x

x

  = 
MA

100
VR


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  = 
MA

100 100
VR

  

(vi) (W)

(P)

AB 

P = mW + C

P = W = m = = AB

C = =

(a) W = 0 C 

C 

(b) AB

(c) AB (P) x–x

AB x–x 

(vii) (MAmax) : MA = 
W

P

MA P = mW + C P

 MAmax = 
W

mW C

MAmax = 
1

c
m

W


c

W
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MAmax =  
1

m

(viii) (max) : 

 = 
MA

VR
     MA MAmax = 

1

m
 max

max

1/ m

VR
  

max

1

m VR
  


(ix)

= MA = VR

(x) (Pf) : 

P = Po = Pf = 

 Pf = P – Po

MA = VR

 
o

W
VR

P


 Po = 
W

VR
  

> Po

 Pf = P – Po

 Pf = P – 
W

VR

(xi) (Wf) : 

W = Wo = P = 

MA = VR

Wo = P × VR = 

Wf = Wo – W

 Wf = (P × VR) – W

(xii)

 > 50%
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(xiii)

 < 50%

(xiv)

W = P = x = y = 

P . y = W . x = 

= – = P . y – W . x

> 

W . x > P . y – W . x

 2W.x > P.y

 
W.

P.y

x
> 

1

2

 > 0.5

  > 50%

 > 50%

30 N 720 N 

W = 720 N,  = 30% = 0.30 P = 30 N

(a) MA =
W 720

24
P 30

 

 MA = 24 

(b)  =
MA

VR

 0.30 = 
24

VR

 VR = 80 

200 N

VR = 10,  = 80%, P = 200 N

(a)  = 
MA

VR
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0.80 = 
MA

20

 MA = 16

(b) MA = 
W

P

16 = 
W

200

 W = 3200 N 

60 N 800 N 

120 N 3960 N VR 42 (a) 

(b) 

(i) P1 = 60 N, W1 = 1800 N (ii) P2 = 120 N, W2 = 3960 N

(A)

(a) P W P = mW + C 

   60 = m × 1800 + C ... (i)

1 20 m 4960 C  
   ... (ii)

 – 60 = – 2160 m ... (i) – (ii)

 m = 
60

2160

 m = 0.0277

(b) m (i)

 60 = 0.0277 × 1800 + C

 60 = 49.86 + C

 C = 10.14

(c)

P = 0.0277 W + 10.14 

(B) I 

(a) MA = 
W 1800

30
P 60

 

(b) VR = 42

(c)  = 
MA 30

0.7142
VR 42

 

  = 71.42%  (
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VR = 30 

(W) (P)

kN kN % 

1 100 9.82

2 600 49.82

3 1000

(A)

W = 100 kN, P = 9.82 kN VR = 30

(i) MA =
W 100

10.18
P 9.82

 

(ii)  =
MA

100
VR



= 
10.18

100
30



 = 33.93% (

(B)

W = 600 kN, P = 49.82 kN VR = 30

(i) MA =
W 600

12.04
P 49.82

 

(ii)  =
MA

100
VR



= 
12.04

100
30



  = 40.13% (

(C)

(I) P = mW + C
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(i) P = 9.82 kN W = 100 kN

(ii) P = 49.82 kN W = 600 kN

   9.82 = m × 100 + C ... (i)

4 9.82 m 600 C  
  ... (ii)

 – 40 = 500 m ... (i) – (ii)

     m = 0.08

(II) m (i)

9.82 = 0.08 × 100 + C

 9.82 = 8 + C

 C = 1.82

(III)

P = 0.08 W + 1.82

(IV)  W = 1000 kN,

P = 0.08 × 1000 + 1.82

 P = 82.82 kN 

(V) (i) MA = 
W 1000

12.22
P 81.82

 

(ii)   = 
MA 12.22

100 40.73
VR 30

     

(D) max = 
1

100
m VR




= 
100

0.08 30

= 41.67%

 max = 41.67% 

(E) 
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30 N 350 N 40 N 

500 N 

VR = 20, max = 75%, P1 = 30 N W1 = 350 N, P2 = 40 N W2 = = 500 N

(a) P = mW + C

 30 = m × 3.50 + C ... (i)

4 0 m 500 C  
   ... (ii)

– 10 = – 150 m ... (i) – (ii)

 m = 0.067

(b) m (i)

30 = 0.067 × 350 + C

 C = 6.55

(c) max =
1

m VR

= 
1

0.067 20

  max = 0.746 = 74.6%   75%  (

100 N 20 N 

(i) (ii) (iii) (iv) (v) 

VR = 6, W = 100 N, P = 20 N

(i) MA =
W 100

5
P 20

 

(ii)  = 
MA 5

0.8333
VR 6

 

  = 83.33% 

(iii) Pf = P – 
W 100

20
VR 6

 

 Pf = 3.33 N (

(iv) Wf = (P × VR) – W

 Wf =  (20 × 6) – 100

 Wf = 20 N (
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(v)  (Po), Po= 
W 100

VR 6


           Po = 16.67 N

(iv) (Wo),  Wo = P × VR

    Wo = 20 × 6 = 120 N

(a) 

A B

D

d

B

d

W

D

+

+

+

+

A

Wheel

Axle

B W 
B P W

  D = d = 

VR = 

= 
y D

d



x

  VR = 
D

d
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(b) 

BC 

A 

D

d2

W (d2 – d2)

2

d1

D

A

B C

d1 d2

Wheel

Bigger Axle

Smaller
Axle

P

A B 

B 

C A C 

W B

D = d1 = d2 = 

VR = 
1 2

2D

d d

(c) 

‘S’ 

A P 
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R = = r = T = 

n = 

VR = 
RT

r
VR = 

RT

nr

(d) 

A 

W (T1) A

l = r = T1 = 

T2 = 

VR = 
1

2

T

r T


l
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(e) 

T1 T3 T2 T4 
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r = T1 T3 = 

T2 T4 = 

VR = 
31

2 4

TT

r T T
 

l

(f) 

W P 

l = p = 

VR = 
2

P

l

(g) 

A B A P1 P2

B W
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P1 

P2 P1 P1 W

Weston's Differential Pulley

Moving pulley

W

A

B


2

(D–d)

D

d d

D
PP2

P1

D = d =

VR = 
2D

D d

(h) 

A

B A B 

D D 

C 

W D P

A
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T1 = A T2 = B T3

= C T4 = D

VR = 
31

2 4

TT

T T


VR

VR 

1500 N

l = 30 cm, r = = 10 cm, T1 = 40, T2 = 10, T3 = 50, T4 = 20

(a) VR = 
31

2 4

TT

r T T
 

l
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 VR = 
30 40 50

30
10 10 20

  

(b)  =
MA

VR

0.40 = 
MA

30

 MA = 12

(c) MA =
W

P

12 = 
1500

P

 P = 125 N 

1800 N 350 N

T = 120, R = 30 cm, r = 
10

2
 = 5 cm, n = 1 max = 40%

(a) VR =
RT 30 120

nr 1 5





VR = 720

(b) max =
1

m VR

 0.40 = 
1

m 720

 m = 0.00347

(c) P = m W + C

350 = 0.00347 × 1800 + C

 C = 343.75

(d)

P = 0.00347 W + 343.75 

= 80 , 

= 20, = 120, = 30

80 N 2000 N 160 N 4200 N
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l = 80 cm, r = 
30

2
 = 15 cm, T1 = 120, T2 = 20

(a) VR = 
1

2

T 80 120

r T 15 20
  

l

 VR = 32

(b) MA = 
W 2000

25
P 80

 

(c)

 = 
MA 25

100 100
VR 32

  

 = 78.125%  

(d) 

(i) P = mW + C 

80 = m × 2000 + C ... (i)

1 60 m 4200 C  
   ... (ii)

    

 – 80 = – 2200 m  (i) (ii)

  m = 0.036

(ii) m (i) 

   80 = m × 2000 + C

 80 = 0.036 × 2000 + C

 C = 8

(iii) m C P = mW + C 

P = 0.036 W + 8

200 N

D = 400 mm, d1 = 2 × 150 = 300 mm, d2 = 2 × 100 = 200 mm,

t1 = = 1 cm = 10 mm,  = 75%

(a)

   VR = 
1 1

1 1 2 2 1 2

2 (D t ) 2 (D t )

(d t ) (d t ) (d d )

 


   
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 VR = 
2 (400 10)

300 200

 


 VR = 8.2

(b)  =
MA

100
VR



75 = 
MA

100
8.2



 MA = 6.15

MA = 
W

P

 6.15 = 
W

200

   W = 1230 N 

1.834 kN 

105 N 

l = 80 cm, r = 20 / 2 = 10 cm, T1 = 300, T2 = 120, T3 = 400 T4 = 150

(a) VR =
31

2 4

TT

r T T
 

l

VR = 
80 300 400

53.33
10 120 150

    

(b) Pf = P – 
W

VR

P = 105 N W = 1.834 kN = 1834 N 

 Pf = 105 – 
1834

55.33

 Pf = 70.61 N 

(c) Wf = (P × VR) – W

Wf = (105 × 53.33) – 1834

Wf = 3765.65 N
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•
W

MA ,
P

 W = P = 

• (VR) : 
y

VR ,
x

 y = x = 

• = P.y

• = W.x

• () :  = 
MA

100%
VR

  = 100%

•  = 100% 

MA = VR =

•  > 50%  < 50%.

• (Pf) : Pf = P – 
W

VR

• (Wf) : Wf = P × VR – W

• P = mW + C, m = C = = 

• MA : MAmax =  
1

m

• max = 
1

m VR

•

(a) : 
D

VR
d



(b) : VR = 
1 2

2D

d d

(c) : VR = 
RT

r

(d) : VR = 
1

2

T

r T


l

(e) : VR = 
1 3

2 4

T T

r T T

 
   

l

(f) : VR = 
2

P

l
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(g) : VR = 
2D

D d

(h) : VR = 
31

2 4

TT

T T


D = R = L = d = d1 = d2 =

r = p = T1 T2 = T3 T4

(A)

(a) (b) 

(c) (d)

(a) (b)

(c) (d) 

(a) (b)

(c) (d) 

(a) (b)

(c) (d)

(a) (b) 

(c) (d)

1000 N W 100 N P VR 30 

(a) (b) 

(c) (d) 

(a) P = mW – C (b) P = mW + C

(c) P = mW × C (d)

W P m C 
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(a) 
1

m
(b) 

VR

m
(c) 

m

VR
(d) 

1

(m VR)

(a) 1 – m (b) 1 + m (c) 
1

m
(d) m

D d 

(a) D + d (b) D – d (c) D × d (d) 
D

d

(a) (b) 

(a) (b) 

(c) (d) 

(a) 
2

p

l
(b) 

2p

l
(c) 

2 p
l

(d) 
p

2


l

(1–d), (2–a), (3–d), (4–b), (5–a), (6–b), (7–b), (8–d), (9–c), (10–d), (11–b),

(12–a), (13–a)

(B)

(i) (ii) (iii) (iv) (v)

(vi) (vii) (viii) (ix) 

(x) (xi) 

 > 50%.

1

m VR 
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100 N 2000 N 

[ VR = 30, MA = 20,  = 66.67%

P = 
1

W 3.5
10

 50 kN 

P = 8.5 kN, MA = 10, max = 32.78%

30 kN 100 kN 50 kN 

200 kN VR = 100 300 kN 

P = 0.20 W + 10, P = 70 kN,  = 4.28%

P = 0.03 W + 1 VR = 40 

1 kN 

max = 83.33%, P = 31 N

P–2 : 

(MA), (VR)

(PrO)

PrO1 : (MA), (VR)

PrO2 : P = mW + C 

PrO3 :



|  159

1 kg, 2 kg, 3 kg 

1 g, 2 g, 5 g, 10 g, 20 g, 50 g, 100 g, 

200 g, 500 g 

1

2

3

4

5

1

2

4 to 6

1

1

6 2

W P

y x

y x

= 
y

x

VR = 
2 2

2D

(d d ) (D) 

d1 d2)



160   | 

(W) X– (P) Y–

m C

P = mW + C m

C

m C

(I) = D = .......... mm

(II) = d1 = ........... mm d2 = ........... mm

 m

1

2

3

4

5

W
(N)

P
(N) MA = 

W

P
y

(mm)
x

(mm)

VR = 
y

x
MA

VR
C

(N)
m C

(N)

(i) MA =
W

P

(ii) VR =
y

x

(iii) =
MA

VR

(iv) P = mW + C
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