| 9.1 INTRODUCTION

kanefies™ s tl?e study of bodies which are in motion by considering the forces causing the m.otjon: In _thl’
chapter we cons ider the relation between forces and masses of the bodies. Similar to “Kinematics™ in * Kinetics
also we consider the three types of motion i.e, Rectilinear, rotatory and plane motions.

S

?

| —9;2 RECTILINEAR MOTION - D’ALEMBERTS PRINCIPLE:

From Newton’s second law we know that,
F=ma
If a system of forces act on the body, then the above equation can be modified as,
XF=ma <=(1)
where ZF = Resultant of all farces
Now, equation (1) can be rewritten as,
>F-ma=0 et ]
Here the term “— ma’’ can be treated as the opposite force acting to the direction of XF. This concept

was developed by D’ Alembert.
D’Alemberts Principle: The system of forces acting on a body in motion is in “dynamic equilibrium™

{ with the inertia force of the body.
= XF-ma=0
YF = resultant force
ma = inertia force

Scanned by CamScanner



Sy vachaniCS
Using this principle, we can solve the problems assuming that the moving bodies are i «

dy“amic

equilibrium®,

Example 1: For a lift of weight ‘W’ T | Tension, .
Case (i): when lift is moving upwards.

Resultant force = (T — W) and this force produces an acceleration ‘a’ to the lift.
= (T-W)=ma

14
T=W+ma= W+‘g—(a)

Lift

W = mg
[ ) Fig. 91
T=W|1+=
. £

Case (ii) when the lift is moving downwards

r-wli-2
-
Example 2: A lift carries a wei
the tension in the cable

(1) When lift is moving upwards
Ans: Given W =150 N, g = 2.45 m/s2
() Upward

T= W(1+3)
g
2.45

= 15014+ 2%

r-150(1+2%)

T'=1875N
(ii) Downward

ol

= 150 1——2'4—5 =1125N
9.8

ght of 150 N and is moving with a uniform acceleration of 2.45 m/s2, Determine

(i) When lift is moving downwards

Ans: Given W=500N, g = 1.5 m/s2

1.5
Case (i): upward: 7= W(l + %) =500 (1 + 9-) =

Case (ii): Downward: 7= W [1 = 3] = 500(1 —;—Z) =423.46 N.
g .
Case (iii): Given 7= 600 N,a=?

Upward: T= W(“g) = 600= 500(1+918) = 1.96 m/s2
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+ A block weighing 1.5 kN :
ample 4: A _ ' rests on a horj . . .
0;31 ; ?orce ‘P’ required to give the block an accelerzon“f’tl plane as shown in Fig, 9.2(a) Find the magnitude

° ation of 3 m/s? to the right. (Given p = 0.25).

Fig. 9.2(a)
Ans: Given W= 1.SKkN=1500 N
a= 3 m/S2
p=0.25
P sin 30°
P | l(o =1500 N
£ CP%S 0 =3m/s’
P M
F=pR TR
Fig. 9.2(b)
From FBD,
ZFy =ma,
1500+ Psin30-R=m (0) [ a,= 0]
P
= R=1500+—
> s ‘(L)
EFx =ma,

Pcos30 - uR=ma

1500
Pcos30-|0.25 1500+£ = ——X3
2 9.8

0.866 P—375-0.125 P=459.18
0.741 P=834.18

P=1125.74N

Example 5: A block weighing 2000 N rests ona horizontal plane for which coefficient of friction is 0.2. This
block is pushed by a force of 1000 N, which is acting at an angle of 30° to the horizontal. Find the velocity of

the block after it moves 30 m, stating from rest.
1000 N

Fig. 9.3(a)
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motion

vie YT methay
s G - 1000 sin 30°
Ans: Given W= 2000 N 1000 N
n=0.2
0 | 2000
v="7 - P ol
1000 cos 30 '
s=30m
u=0
FBD of the given system is shown in Fig. 9.3(b)
From D’Alemberts Principal, ZF = ma. F=uR R
() XF =ma,
) | 2000 Fig. 9.3(b)
1000 sin 30 + 2000 — R = g <0 [ movement is along x-axis, a, = 0]
= |R=2500N
F=pR=0.2 x 2500 =500 N.
(i) ZF =ma,
1000 cos 30 - F = A xXa
9.8
866.02 — 500 = 204.08 a
= |a=179mss’
We know, v — u? = 2as.
V-0=2x179%30
v=10.36 m/s
Example 6: Problems on connected bodies (with and without friction)
(a) Horizontal surface without friction (1 = 0)with weights W2
W, and W,: T Pulley
From FBD of the given system, W, is moving vertically
downwards and W, is moving horizontally on a smooth surface.
Here the velocity and acceleration of /, and W, are same i.e., =0 4
‘a’.
. 25 w;
(i) For W, (i1) For W,
W,—t=ma T=m,a
W W, Fig. 9.4(2)
W,—t=—a ()| T=-2a . (2)
g g

Substitute ‘7" value in eq (1)
W, _W

W—-—=a=—a
g g
"W

W, =—a+—=a
g g
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a
W=~ +W)
g

Y
i W, + W)

Substitute ‘a’ value in eq (2)
__nm
W+,

=

(b) Horizontal surface with frictigp ‘W
From FBD of the given system s shq

(i) For W,
W, - T=m1a
W,
W, -T= —Lg
g
(i) For W,
T—F=m2a
W,
T—pW,=—*=gq
g
Adding eq (1) and eq (2)

w, W
Wi-T+T-uw,= —La+-2

g 4

a
Wl‘FWz=E(W1 +W,)

N N CATAY:
W+,
Substitute the value of ‘@’ in eq (1)
W, (W, —uw,)
WI_T-;—I.( 1 u Zg
g W+h
2
—UW,W.
T=W]—[Wi ot 2J
W+ W,

W + Wi, — W + Wi,
W, + W,

T=W1W:2 1+u)
W+ W,

Scanned by CamScanner

=

Wit in Fig. 9.4(p),

(1)

Q)

(1 0) for bodies with wei

373
ghts W, and w,,
i£
d Pulley

—

F=puR T

motion
W,
Fig. 9.4(b)
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(¢) Inclined surface without friction (n = 0) with weights W, and W,:

From FBD of the given system is shown in Fig. 9.4(c)

@ w,- T=ma
w,-T= KVla .. (D)
g
(i) For W,
T-W,sin®=mya
) W, ) .
T- W2 sin 6 = _g"‘a ...( ) Flg. 9.4(‘:)

Adding equations (1) and (2)

: m W,
Wl—T+T— Wzsm9= —a+——a
8 8

W,—W,sin@= %(Wl+W2)

_ (W —W,sin0)g
W+,

Substitute ‘a’ value in eq (1)
m g (W, — W, sin 6)

W, —T= W,
- W2 — W, sin 0
=" W+ W,

W2 + W, Wy =W, + W, W, sin@
B W+ W,

_ Wy W, (1+5in 6)
W+

(d) Inclined surface with friction (u # 0) with weights W, angu g’z:
ey

|

motion

Fig. 9.4(d)

From FBD of the given system is shown in Fig. 9.4(d)
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@ For¥
WI'T::m]a
i A
w,-T= 5 a..(1)
(ii) For W,

T-W,sin®—-F=ma
. W,
T- WzsmO—qucOSO=-g—a +(2) (v F=pR=pW, cos 0)

Adding eq. (1) and (2)

W, ~T+T—W,sin0- i, cos 0= “qs 2,
gliing

a—g(Wl ~ W, sin ® — u W, cos 6)
Wi+ W,

=

Substitute ‘a’ value in eq ...(1)
w g(W —W, sinb — W, sin 6)
g W+ W,

W,-T=

- W + W, Wy — W2 +W,W, sin® + 1 W, W, cos
m+W,

_ W W, (1+5in0 + cos 6)
m+W,

T

Example 7: Two bodies of weights 30 N and 20 N are connected to the ends of a light inextensible string
passing over a smooth pulley. The weight of 30 N is placed on a smooth horizontal plane while the weight
20N is hanging in air. Find (i) the acceleration of the system (ii) the tension in the sting.

Ans: Given W, =20N, W,=30N,p=0
g
W+ W,

_9.8x20
(20+30)

=3.92 m/s?
W, W, _20x30
W, +W, 20+30

IT=12N

Example 8: Two bodies of weights 20 N and 30 N are connected to the ends of a light inextensible string
E’aSsing Over a smooth pulley. If the coefficient of friction between 30 N body and surface is 0.3, determine
@and < ’

We know, (i) a =

(i) 7=
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Ans: Given W, =20 N, W, =30 N, n=0.3.
gl -, _ 9.8(20 - (0.3x30)

We know, a = T 20+ 30
a=2.15m/s’ |
_ W W, (1+ W) - (20%30)(1+0.3)
W+ W, 20+30
T=156 N s

g. 9.5 have weights 4 = 30
k ‘A’ and
tand the
of block

e string.

Example 9: Two blocks shown in Fi
N and B = 20 N and coefficient of friction between bloc

horizontal surface is 0.5. It the system is released from res
block ‘B’ moves a vertical distance 2 m. What is the velocity
‘B*? Neglect the friction in pulley and the extension of th
Ans: Given ¥/, =20 N, W,=30N,p= 0.5, u=0;s=2m.
Vernou, o P iPE] _ 98(20-005x30)

W+ W, 20+30

a = 0.98 m/s?

- W, W, (1+p)  (20x30)(1+0.5)
W+ W, 20+30

T=18N

We know, V2 —u? =2 as sk A o
V-0=2x098x2 Do

v=197 m/s

Example 10: Two bodies of weights 40 N and 25 N are connected to -
the two ends of an inextensible string as shown in Fig. 9.6 The weight
40 N is placed on a smooth inclined plane, and if the angle of inclined
plane is 15°. Determine (i) acceleration (ii) tension

Ans: Given W, =25 N, W,=40N, 0=15°

g, =W, sinB) 9.8(25-40sin15)
We know, a = = = :
W, + W, 25+40 Rt
_ T, (1+sinB)| _ (25%40)(1+sinl5)
W, + W, 25+40 Ehead

Example 11: Two bodies weighing 45 N and 30 N are connected to the ends
of an inextensible string, which passes over a smooth pulley. The weight
45 N is placed on a 20° inclined plane while the weight 30 N is han g

over the pulley. Given p = 0.3. Determine (i) acceleration (i1) Tensioﬁmg
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y Giveﬂ Wl e ST TTE Y SV T A, n= 0.3

AD W .
g( 1—,’231119—“"/
w, [4= 73 €05 B)
We koo J m+w,

_ 9.8(30-45sin 20 - (0.3x 45 cos 20))
30+45

a=0.25 m/s?
W.W.
T=—12

m+W,

_30%45

= 30145 520+ (0.3xcos20))

T=2923N

(I+5in6 + p cos6)

gxample 12: From the following Fig. 9.8. Determine
(i) The acceleration of the system
(i) The tension in the string

Fig. 9.8

— - =15°
Ans: Given W, =30 N, W, = 50N, p=02,0=1

g(W,-W, sin®—Uw; cosO)| _

#, + s

(ii) T= e (1+sin9+u0089)
W + W)

_ 30x50 | in15+0.20015)

" (30+50) 2
(i) Given =0, t =4, a=0-9 m/s

l 2
We know, s = u? +—§at

1 2
- +— 0.9x4°)
(0x4) 2(

~—
I M Ry S LI LA e

30N l

motion

9.8(30——50sin15——(0.2x5000s15))
Qo= ///3 T

(iii) The distance moved by the weight 30 N in 4 seconds from rest, if p="0.2 (between 50 N and surface)
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9.3 _ROTATORY MOTION FIXED AXIS ROTATION

‘/

“
m

V

Fig. 9.13

clocewse

" Letus C(lmﬂidcr a wheel (or) pulley rotating about a fixed axis (passing through the point "0 =
with an angular acceleration ‘o and mass ‘'m’ as shown in Fig, § S e
, 12, 9,13, ‘p ading of fre wtesl (-
sulley. g Let ‘¥ be the radius of the whesl (v
Now similar to D’ Alemberts principle in rectilinear motion, we can write
IM= o,
= IM-la=0
Where M = resultant moment = F' # r (from Fig. 9.13)
I = Mass Moment of Inertia of wheel (or) pulley
2
mr
= [= " (or) mk?

where m = mass of the wheel (or) pulley
k = radius of Gyration of the wheel (or) pulley

o = angular acceleration.
Example 19: A flywheel weighing 60 kN and having radius of gyration 1 m loses its speed from 400 P

280 rpm in 2 minutes. Calculate
(i) The moment (or) retarding torque on it.
(if) Change in its kinetic energy during the above period.
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(i) Change in its angular momentyy, dv
Ans: Given N, = 400 rpm "
27 Ny _ 2X3.14 x40

it
18 the same period

= "o —_ .
60 41-86 rad/S
N =280 rpm
= 2n N _ 2%3.14 %280
60 60  —29.32radss,

t=2min=120s.
Wwe know, © = @, + ot
o= ——0, 2293274136
t 120

o=—0.104 rad/s?
W=60KkN=60000N, k=1m

g 9.8

I=mk?=6122.4 x 1 =6122.4 kg — m?
(i) Moment (or) Torque = Io
=6122.4 x (—0.104) =— 636.72 Nm.
(i) Change in K_.E. = Initial K.E. — Final K.E.

1 1
Ez(mg —w’)= 5% 6122.4(41.86% —29.32%) =2732418.54 Nm.

(ifi) Change in Angular momentum = Io,—Io
— 6122.4 (41.86 — 29.32) = 76774.89 kgm? rad/s
Example 20: A pulley of weight 400 N has a radius of 0.6 m.
round the pulley as shown in the Fig. 9.14. Determine the resultant a
Ans: Given = 0.6 m
() Linear:
XF=ma

A block of 800 N is suspended by a rope wound
cceleration in weight and tension in the rope.

o
N\

800
800-T= ——a
. (D AT l

9.8
800-T=81.63a motion
(i) Rotatory:
IM=
v, 800 N

Force x Lr distanc€ = Ia

2 Fig. 9-14

mr a

TX T T
0.6 5 06

400 (0.6)° 4
0.6 T= —X—X7 ¢
T=98 2 .06

T=204a

@
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r=15993N

Example 21: A cylinder of mass 20 kg rotates in a frictionless bamng from rest, : ““d‘:r th: lacno\n\ox mass

15 kg carried by a rope wrapped around the cylinder as shown in Fig. 9.15 lt0 the )1ame er 1s 1 m, What wy))
- the locite of : < i =0.5m

be the angular velocity of the cylinder after 2 s from the start of motion (r=0.2

Ans:
For linear:
YF=ma
(13x98)-T=13a
147-T=15a (1) motion
For rotatory: 15 kg
=M=l Fig. 9.15
Force x Lr distance = la
_mra.
Tx05= > [‘a=ra]

s (2)
Substitute T value in eq. (1)

147-10a=15a

25a=147

a=588m's|

Substitute ‘a’ value in eq. (2)

T 588N
Gi\'enc)0=0,t=2 s,0="?
We know, © = 0, + ot

= 0+£.r=0+§i—8§x2
r 0.
®=23.52rad’s

Example 22: The composite pulley as shown in Fig. 9.16. Its weightis 900 N and its radius of gyration
0.7 m. The 3000 N, 5000 N blocks are connected to the pulley as shown in Fig. 9.16. Determine the ension
in the string and angular acceleration of the pulley.
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Ans: Given W, = 5000 N, ry=05m
Wy =3000N, rp=0.75m
Let T be the tension of 5000 N bod

and T :
of 5000 N, 3000 N bodies respectively. y » be the tension of 3000 N body. Leta,

(A) For translator motion:
rF=ma

(1) For 5000 N:

' 5000
5000 = ]:4 = WCIA
ButaA=rAa=0.5 a

5000
. 5000 - 7, = —==x05 0

T,=5000-255.10c

e

(i) For 3000 N:
3000

T,—-3000= o5 %

Buta,=rya=0.75a

o 7= 3000+ 2220750
B 9.8

T =3000+229.59 o

)

)

(B) For rotatory motion:
IM=1a
I=mk?= %%XOJZ = 45 kg m?
IM= (T, x 0.5)— (T x0.75)
057, -0.75 T, =450]

Substitute T,and Ty values in €
0.5 (5000 - 255.10 o) — 0. 3
2500 — 127.55 a—2250 - 172.19 o =

344,74 o = 250
o = 0.72 rad/s
Substitute ‘o’ value in eq. (1) and eq. (2)
T,=481632N

T, =316530N
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q. (3) from €q. (1) and eq. (2)
75 (3000 + 229.59 o) =45 a.
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Example 23: Find the angular acceleration and accelerations of A and B as shown in Fig ¢

gyration is 0.5 m.
Ans: Given m = 60 kg, m, = 20 kg
re=025m.r,=05m
Let 7, and T are tensions of 60 kg and 2 kg bod
60 kg and 30 kg bodies.
(A) For translator motion:
LF = ma.

60 kg

4
Fig. 9

a

ies respectively. Let a . a;

17

-

Ercire
SNgneerrg Mee.
S Mechg,

el
~

)

- =
-

SR

T -

-
2

5

I ¢

S e
T A

(i) For 60 kg

(ii)For 30 kg

(60x9.8)-T,=60a,
ButaA=rAu=0.25 v

588 -T,=60x0.25a
588-T,=15a.
T,=588-15af—=(1)

To—(20x9.8)=20 a4

But as=rsa=0.5 Q
T,—196=20x 035 a

Ty =19%+10a = (2

(B) For rotatory motion:
M=o
= mk? =40 x 0.52 = 10 kgm’
M = (T, x0.25)Tp x 0.5)
0.257,-0.57=10a
Substitute 7, and 7} values in eq. (1) and eq. (2)

0.25 (588 — 15 ) — 0.5 (196 + 10 ) = 10 .

147-375a-98 - Sa =10 a.
49=18.75a
o=2.61rad/s

Qubstitute ‘a’ value in eq. (1) and eq. (2)
T, =588~ (15X 2.61)

[T, = 54885 N
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7, =196+ (10 x 2.61) ol
T, = 222.1N|

a,=025a=0.25x 2,61

a, =0.65 m/s?

By 0.50=0.5x2061
ag = 1.3 ﬂ‘l/52

9.4 PLANE MOTION - EQUATION OF PLANE MOTION AND ROLLING BODIES

forc
@e \R‘otation (o)
’ < 0 ; Translation (ma)
Fig. 9.18(a) Fig. 9.18(b)

When a force is applied on a wheel (or) pulley (or) cylinder as shown in Fig. 9.18(a), then the body starts to
roll on the surface. Thls'rolhng body will have both translatory (rectilinear) and rotatory motions. (Fig. 9.18 (b))

Hence we can write the equations of a rolling body in plane motion as,

YF-ma=0and ZM-Ia=0

Note: The rolling of the body must be “without slipping”on the surface, then only we can use the above
equations.
Example 24: A solid cylinder weighing 1300 N is acted upon by a force ‘P’ horizontally as shown in
Fig. 9.19(a). Determine the maximum value of ‘P’ for which there will be rolling without slipping (Given p=0.2)

5 p

1.6 m Ae

Ans:
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Given p=1om
r=08m
a=rau
a=08a.
mr® 1300) :
= —=—| —](0.8)*
=7 2( o8 ) OV
[ =42.44 kg m?
F=pR =02 x 1300 = 260 N.
Eﬁ\' =ma, IFy=ma,
~F=m 1300
P-F=ma, R_W= 0)
P-260= 1—3—02(08(1) 8
- 98 R-W=0
P=260+106.12 ot >(1) R=W=1300N
By taking moment about ‘C’

(P x1.6)—(max0.8)—Ia=0
1.6 P-8489a—42440=0
1.6 P-12733 a=0

1.6 P=127.33 o] >(2)

Substitute ‘P’ value in eq. (2)
1.6 (260 + 106.12 o) =127.33
416 +169.79 a =127.33 a0
42.46 o =416 i
|

o =— 9.79 rad/s>

Substitute ‘a’ value in eq. (1)
P=7789N |

Example 25: A solid cylinder of mass ‘m’ and radius ‘7’ is released from rest and rolls down on an inclined
plane as shown in Fig. 9.20(a). |

mg

o | Fig. 9.20(a)
Find (i) Acceleration of the centre of mass

(ii) The maxfmum inclination for which rolling without slipping occurs. (14 = 0.2)

b
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Ans: From HEE,

ZF; =md,

(mg sin P - F) = ma

F = mg sin } —ma
F=m(gsinp-a)—(1)
sF,~ma,=0

= iF,=ma,

mg cos [

389
R

mg sin

[3\( M ™

pgeorb =052

Now, M — o = 0
Now taking moments about centre ‘C”.

@r)—la:ﬂ —(3)

mrz
(m(gsinp—a)xr)- [Txa] -}

2

, mr- _a
m(gsinp-ay ==X
' a
(gsinp-a)= 5
, 3a
gsinpB= >

- la= —zfsinB —(4)

(i) Given p=0.2.
Fromeq. (3) = F x r=Ia..

° mrzxa
Xp= —X—
H 2 r

put” Y sinp [a =z3§sinﬁ]

wxmgeos Pxr=""7"""273

1.
0.23.cos B = 3‘5“1[3

sin B
cos B

tan B = 0.69
B=346]

Substitute ‘B’ value in eq. (4)

2"39'8 x §in 34.6
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390 . . .
TR an inclined plane which )
and radius ‘' rolls down on an | p Mmakeg -

minimum coel

Example 26: A solid cylinder of weight *#
angle of 0 with thehorizontal axis. Determine the
mass centre, for rolling without slipping.

ficient of friction and the acceleration of the

Ans. From FBD:

LF ~ma, =0

Wsin 0@ —ma—-F=0

F = Wsin 0 — ma —(1)

IFy —-ma,=0 [ ay=0]
R=Wcos0— (2)
IM-Ia=0->(3)

Taking moment about ‘C’

(Fxr)=lo.

2
" 8 _[T=15797N

(Wsin 0 —ma)x r=

a

Y
) ma

Wsin®—-ma=—

2

Wsin6=}—-’-n£
2

_ 2 mgsin@
3 m

2

Substitute ‘a’ value in eq. (1)
F=WsinQ-m- ggsine
B
= W sin - EWsme

1. .
F= 5Wsm6_>(5)
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But F= HR = Wcos 0— (6)

From egs. (5) and (6) 30

|
uh cos 0 = *{W sin

sin@

Ip=
' cos 0

-~ u= . tan©
‘ 3

9.5 CENTRAL FORCE MoTION

Let us consider a body of mass ‘5;’ making a ¢

in Fig. 9.22(a).
Let the {asllus of the planet be ‘R’ and the body of mass ‘m’ is at AT
adistance of *»” from the centre ‘O’of the planet ;" radius %
4 o / 'R' r_.AMass 'm'
The force ac;;lg on the body of mass ‘m’ is given by ,’I - '}"\velocity -
m \ |
F= G_j_ \ ,"
r % Mass 'M' )/
where G = Universal gravitational constant = 6.67 x 101 Nm’ el g
' ke’ Fig. 9.22(a)
Now, if the body is placed on the planet surface, then the above force is given by,
Mm
F= GR_Z (' r=R)
here F = mg(-. the body is placed on the planet)
M
lcalara
> gR’=GM
2
o oy &R
© f the planet
By knowi £ R. we can know the Mass of the pianct
ing the value of R, 9,8x(6000><103 m)? s 107k
ass M= 6.67x107"

Example: If radius of earth R = 6000 km, then its m.

Ina central face motion:
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40.1 INTRODUCTION

! is chapter, Work- :
ln‘ mllj mei methodk Filnergy method is used to solve the “kinetic” problems. This method is easy over
D'Alemberts when the problems involve velocities rather than acceleration.

Work: "It 1; the product of displacement and the force in the direction of displacement”.
— W= F§=Fscosf
Unit: Joule

Energy: - It is the ability tq do work. The energy exists in different forms i.e., electrical energy, mechanical
anergy, Thermal energy, potential energy, kinetic energy etc.

Unit: Joule
Power: It is the rate at which the work is done.

work done
time

= power =
Unit: Joule/s (or) watt.

102 WORK-ENERGY EQUATION FOR TRANSLATION (RECTILINEAR MOTIOR)

inetic energy of the body.

| Yatement: - The amount of work done is equal to the change ink

= Work done = l my® — l mu’
2 2
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Proof:
F

@ =)

. tL b z
initial Displacement °s Flpal‘ ’
velocity ‘u’ velocity ‘v

Fig. 10.1

Let us consider a net force F acting on a rigid body to displace it through a distance s as shows i
Fig. 10.1; Let the initial and final velocities be  and v respectively.

From Newton's second law,

F = ma
- d\’ dv
= F=m—|a=—
dt dt
dv ds dv ds
= F=m—X— =m —X—
dt ds ds dt
dv ds
= F=m—v| —=
" ds ‘( dt v)

= Fds=mvadv
By integrating on both sides we get,

j.F. ds = jnw dv
0

u

v Y
= Fs=m|—
1

F L ? mu’
= S = —myT ——
2 .

=>  Work done = Change in kinetic energy.
The above equation is known as Work-Energy equation, used to solve the kinetic problems.

Note:
(1) Potential energy = mgh

(2) Kinetic energy = = MV

e

1,
" ; . . ;e h +—mvt
(3) Total energy = potential energy * kinetic energy = mg 5

(4) Work done by a spring is given by,

l 2 2
W= - -;k (x5 =X )
. ' “the spring
{ Hree constant of the
where k = force
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YV o= o= gy = B L ST STy 401
x, = Initial position

X, = Final position

10.3 WORK-ENERGY EQUATION FOR FIXED AXIS ROTATION (ROTATORY MOTION)

statement: - The amount of work done is equal to the change in kinetic energy of the body,

1
=  Work done = = J’ i Icog,

Let us consider a body executing rotatory motion about a fixed point ‘O’ as
shown in Fig. 10.2. Let the angular displacement of the body be ‘0’ (from A to B) o
and the initial and final angular velocities of the body be ®_ and o respectively.

Now similar to F' = ma, here we can write M = /o

— y=180(. 00 Fig. 10.2
dt |’ dt
do db
M=]—Xx—
= ar . do
do do
=].—X—
= =G e
dm o ”c_z'g_w)
= ME Loy <O )

= Mdo=In.do
by integrating on both sides we get,

0 w
jMdﬂ:flm.dm
0

@p

2(0

()

= Fl—=

= M0 (ZJ

W
M= L10? _ L,
D Dy o

=  Work done = change in kinetic energy

i i ion).
This is the work-energy equation in fixed axis rotation (rotatory moti )

10.4 WORK-ENERGY EQUATION FOR PLANE MOTION o

and rotatory motion. Hence
tilinear and rotatory motions.

Ve kngyy that a plane motion is a combination of rectil.in.ear :101?0:0
' ‘Work‘Energy” equation in plane motion by combining othr
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o | } ,.2
Wanrk done [ iy mu’ Jl ( L [
2 2 ) 2

&

l / ) "
Waork done ,l mos oy (I )l

; ' - , . s in released from rest (Fig, 104

Exnmple 13 Two blocks are Joined by an inextensible string, 11 the system is relea e ’;5 ),
' - i k enct stho .25,

determine the velocity of block of 250 kg after it had moved 2 m using work energy me ) )

AN
280 kg

lnmliun
0,24
Ik .

0,025 « 250 « oy
“OHI25N

350 ky

Fig, 10,3

We know work energy equation
Work done - change in kinetic energy

| ! ,
Iy ?m(v’ u’)

W=0,48~2m

(1)  for 380 ky (ii) for 250) kg
m = 350 ky (T F1)yr2 12/25()(;/2 0)
I,
(350 # 9.4)-7]2 2/.5‘50(v‘ 0) 21 28K 125 2
6860 27175 v/ | (1) 2T 1225 = 125 2 . (2)

ey (1) (2)
6860 20+ 20 1225 1752 4 125 2
5635 300 v’
v I8TH
o438 miy | ”
Example 2: Find velocity of 150 kg hlock using work-encrgy method (Fig. 10.4), after it had moved 2 m

(piven o 0.2) |
150 kg

i /XLHIUU‘"I
> 0),7
;l

\’/,fm ku‘

|

Fig 104
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ethod and Virtual Work
ol 403

A'r".')'/’gfggj :
A’
gy for :0'0 kg (i) For 150 kg
we Know, '
= uR
Fs = lm(rlﬁ —~u7')
5 0.2~7150%98
1 p

K 7 9, -~ 2"—‘20‘(/'-— ’

[(200  9.8) — T2 = = 200 (v* - 0) F =294 N

1920 - 27 = 100 (V¢ — () (T F)»2= l>< 150 (v* - 0)

2

3920 - 27 = 100 v* .. (1) 2T - 588 =75v2 ... (2)

eq(l)~(2)

3920 - 27 + 27 — 588 =100v% + 75,2

1332 = 175/

V" = ]904

v=4.36 m/s )
Example 3: A body weighting 400 N is pushed up by a force of 500 N as / &
snowm in Fig. 10.5. If the initial velocity of the body is 1.5 m/s and p=0.2. % £

e velocity will the body have after moving by using work-energy theorem? ~ “,@ °’ 400 cos 30°

Aps: P =400 cos 30° =346.41 N
F=uR=0.2 734641 =69. 28 N —y

We know

Fs-'-]i-m(vz—uz)

1 400 |
(500 — 400 sin 30"—F)><6=5—9—§(v2 -(1.5)%)

200
(500 — 200 — 69.28) X 6 = ™ (v* —2.25)

13%4.32 = 20.4 (v* 2. 25)
1384.32 = 20.4 v — 45.9
138432 - 459 = 20.4v7
=70.10
v=25% 37 m/s. -
Frample 4: : b?l’ock of wood of weight 1000 N 15 pdliczdi:r; :“si;ngct)ltl};
“lined plane as shown in Fig. 10.6. Find the work don
ok up for length of Sm.
ABS: P~ 1000 # sin 30
P - 500 N
W=Fxg
500 #
W =2, 500 Nm
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Example 5: A block of wood of weight 1000 N is placed on a smooth inclined plane as shown in Fig, 107

Find the work done in pulling the block up for length of 5m, If p = 0.3.
R P

1000 cos 30°
1000 N

Fig. 10.7
Ans: P = 1000 Sin 30° + uR )
P = 500 + (0.3) (866.02) from Fig., R = 1000 cos 30
P=1759.8N R =866.02
W=Fxg
W=759.8x5
W = 3799 Nm.

Example 6: A train of weight 2000 kN is pulled by an engine on a level t.rack at a speed of 36 kmph anq With
an acceleration of 0.5 m/s? on the level track. Find the power of the engine.

Ans: Given, v =36 kmph = 10 m/s, W = 2000 kN

Friction, F = 8N/kN = 8 x 2000 = 16,000 N.

Here, the train is moving with an acceleration of 0.5 m/s2.

P-F=ma
2000 x 10°
— X
9.8
P=102,040.81 + 16,000
P=11804081 N
Power = force « velocity
=118040. 81 = §

P =944326. 48 watt.

Example 7: A train of weight 2000 N is pulled by an engine on a level track

ata constant speed of 36 kmph. The resistance due to friction is 8 N/ kN of .
the train weight. Find the power of the engine.

Ans: Given, W = 2000 kN

P-16,000= 0.5

4—_
F
’ ig. 10.8

I=36Kmph=36x%=10m,’s et
Friction, F = 8 Njkn = 8 x 2000 N
F=16,000N
Here the train is moving wi

By ving with constant Speed. So, acceleration = 0;

P=F=16,000 N

Power = Force «

Velocity = 16000
P=1,28 000 N ' "8

/s (or) watt.

Scanned by CamScanner



4uo

aslope of 1 in 100 with a uniform speed of 36 kmph. Find
nce 1s SN per kN weight of the train,

cample 8: A train of weight 1600 AN is ascendip, g
tl;:l ¢ power exerted by the engine, if the road resista

Ans: Given, W= 1600 kN
L
Slope =tan 6 = i sin 6
[since 8 is very small, tan 6 = g = gij, 6]
Speed of train = 36 kmph

36x—5—=10m/s
18

Resistance = F = 5N per kN

=5 x 1600 = 8000 N
Now, Net force exerted = P — F — 1600 sip 0 kN

Fig. 10.9

= P800 - (1600x 1000xLJ
100
=P - 8000 - 16000
= (P -24000)N
Since the train is moving with uniform velocity, acceleration=0
So net force = 0
P-24000=0
Power = 24000 x 10 = 240000 W
Power = 240 kW

Example 9: Find the power of a locomotive, drawing a train whose weight
including that of engine is 450 kN up an incline 1 in 120 at a steady speed
of 72 kmph, the frictional resistance being 5 N/kN.

Ans: Given, V=450 kN.

1 :
Slope = tan 0= 120 = sin 6.

Speed = 72 kmph Fig. 10.10
=72 x el =20 m/s.
18

Resistance, F = SN/KN
=5 x 450 =2250 V.
Now, Net force exerted = P — 450 sin 6 — 2250

1
— |-2250
=P- (450x1000><120)

= P-3750 - 2250.
= (P - 6000) N.
Since the train is moving with steady speed,
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Example 16: Determine the { A

oree that will give system of

bodies a velocit
shown in Fig. onlg) :aizl:l\ by 3;1 moving 4.5 m from rest as et
Ans: Given =, y = 3 m/s ((llhL i i) {f]
) Sands =45,
From Fig., tan g = i 0=53 13
3 > .
w Y —
g 600N 13

1
WOrk dOIle = 5 m (VZ _ ll2) Fig' 10.15

1
Fxg= -Z—m(vz_u?.)

From Flg,
g A - - in - A% =idba 4 +m -

| FI_Z_HRI £, =R, Fo=nR,
; R =300N =0.3 x 1200 cos 53.13 F;=0.3 % 600
: u=0.3 F,=216N =180 N
F,;=0.3x300
F,=90N
300 1200 600

] ’”1:_9'}?’”’2— YY)
51 Loomptmytmy = 214.28 kg.
From work energy equation

1
Work done = Em v? —u?)

1
(F-486-960.2) x 4.5= - (214.28) 9

1
(F-1446.24) 4.5 = - (1928. 52)

4.5F - 6508.124 = 964.26

o 1472384
4.5
F=1660. 53 .
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