Work, Energy and Power

ALLEN

Work, Energy and Power

SOLUTIONS

Exercise-1I (Conceptual Questions) 11. Block B will accelerate due to friction and
W=Fd gain speed therefore work by friction on
L T block B will be positive.
=(4i-4j-2k)-(3i+2j—-2k) TT
=12-8+4=8] | .
2. F=(3i+2})-(4i-}+3K) 12. | | | va=3g/4
=12-2=10] l
o= Mg
3. W=F-S g
S=t,—F =(4i+3j-k)- (21 +j-2k) Mg-T=Mx->=
S=2i+2j+k _3Mg _;
W=(3i+2j+2k)-(2i+2]+k) Mg 4
=6+4+2=12] TZT
4. d=%,-
S e . W =T x heos180°= 18"
=(i+2j+k)-(3i+j+3k)
At T 13. Workdone by T on M = - Work done by T on m
_(_~21+ J=2K) . net work doneby T=0
W=Fd 14. W =FAScos6
=(51+2j - 4k)-(-21+j-2K) = MR x 27r x c0s180
=-10+2+8=0 =—0.5><5><2n><l
5.  Wy=Fdcos90° n
=0 =-5 ]
6.  Wr=FScos0 N Fsin® g
= (5g) x 2 x cos0° 4 i
=5x98x2x1 15. i » FcosO
=98] me — g
7.  Work will be zero as angle between force & F
displacement is 90° r;;g
8.  Angle between Force and displacement is 90°
- N = mg - Fsin®
S W=0 i
9. W=mgH ?:”kN -
independent of time = i(mg - Fsin)
— We=fxScos180°
f ] > F :
10. = —pk(mg - FsinB)S
(Body atrest)
fs N
F=f
Wistatic =0 16. Ax
f 4l 5 f M
F
If blocks move together then work done by 0
static friction between blocks on upper block angle between N & Ax is not 90°
= +ve & lower block = -ve. S W0
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17.

18.

19.

20.

21.

22,

23.
24,

Work in each direction = 100 ]

FAS =100

AS =2m

displacement in each direction=x=y=z=2m
Final coordinates = (2, 2, 2)m

Work done by external agent = - (Whiction + Wmg)

= - (-mgh - mgh)
=2mgh
3 3 3 2 3
I(X2+3X—5)dx = X 42X sy
0 3 2 o
_27.399 543
3 2
:9+2—7—15
2
=18+27—30:7.5]
W= _[ Fdx cos60°
:_[kx3 cos 60°dx
kx* [° 1
=| —— X —
4 . 2
k
=5 -x1)
Work done = Area under F-x curve
W=%(6+3)x6
W=27]

Work done is the area under F-x curve
W = mJarea under a-x curve]

_%(4+3)x3}
W=42]

(i) W=4 %(5+3)x3}—4[%(2+1)x3}

(i) W=4

W=48-18=30]
Area under the graph
KE o P2

Pl _ Kl
P, \|K
P, =3P,

2

25.

26.

27.

28.

29,

30.

31.

32.

33.

K oc P2

So if P becomes 'n' times then K becomes n2
times.

KE o P2

4 P

1 1
PP m, 9 P

2
3
P = constant

1
So Koc—
m
K1:Kz:mz:m1
=5:3

Poc\/i

P, K

i S e &
P, K
Pz = 2P1

momentum is increased by 100%

K

2

P,

b S e
P, K
P, =3Py
Momentum increased by 200%

P oc K172

2

% change in P = %{% change in K}

% change in P = (%x3) % =1.5%

.+ Koc P2
% change in K =2 (% change in P)
% change in K= (2 x 2) % = 4%

E =—
K 2m

1
\/ax— = constant

p
.. graph is rectangular hyperbola
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1
34. E, =Emv2 .. Graph is parabola

35. W =AKE
1 2 2
=—m|v —u
> [ 1
3
36, s=_
4
3t?
V__
4
att=0,v=0

2
att=2sec,v= 3(? =3m/s

By W.E.T.
W = AKE

W=l><6><32—l><6><02
2 2

W=27]
37. x=2t-3t2+28
v=2-6t+ 612
W = AKE

1
=Em(V§_Vi)

t=0sec => vi=2
t=3sec = v, =38

21,20 444 g
00

_1440 _ 14.40]
100

s, KB _27 m, 1
3

2 lmzvz m,
2
1
39. E=EmV2—mgh

:%x2x256—2><10><10

=256-200=56]
40. Wa = AKE

mgH = %m (vz2-u?)

2gH = v2 - u?
u— same and H - same = v — same

41.

42,

43.

44,

45,

47.

48.

49.

50.

51.

52.

53.

54.

W = AKE

1 2 2
=—m|[0°-10
5 [ ]

=%x2[—100]=—100]

Work done by a conservative force is
independent from the path
W =-AU =U; - Ut
Work done is independent from the path for
conservative forces.
Gravitation is conservative force, work done
is path independent
Viscous force (fluid friction) = non conservative
force
Here gravitation force of earth is centripetal
force 6 = 90°, Work done =0
Wpq + Wor + Wrp =0
1545+ Wgrp=0
Wrp=-20]
W, =20]
Since force is constant so work done is path
independent. Hence Wi = W,
W=-AU
W =mgh

=3x10x20=600]
W = maegh

_(13+9

)x10><10

=22x50=1100]
W =mgh

3
h:(gjx%:% (By COM)
M L Mgl
376 ° 18
C

W = AU = Unax = Umin = mg| 2 - <
2 2

T = Kx for spring
1, T T

1
Energy =—Kx’=—K—=—
&y 2 2 K* 2K
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55.

56.

57.

58.

59.

60.

1000

04-

Wzék(x2 —XZ) =%><

2 1

1 1 1

_1 L 6252251 =1 L xa00-20]
2710 210

1
ZK(5)=U
2()

%K(lO)Z =U'

U 5 25

1
U 10° 100 4
W, ==Kx? (1)

= U'=4U

W, ==Kx; -(2)
W | X2 2_ 10 :
W, (x 5

Extra work done = W; - W;
= 4W1 - W1 = 3W1
=3x5=15]

4 x (2)2=100 x x2
4x4 16

=X"=> —=X
100 100
x=0.4m
4
N\
(/\\
v{»
D\
S0
Wi = AKE
ng+Wsp= 0

1
mgxsin® - 7 Kx2=0

. 2mgsin 0
K

(252—152)

61.

62.

63.

64.

65.

66.

67.

W=mgh=2x98x10=196]

AtH:E
5

4mgh
"5
KE:PE=4:1
To reach point C it have to reach at point B
By COME

KE

1mv2+0=mgH+0

v=4/2gH

=4/2x10x320=80m/s

In projectile motion, there is no change in
kinetic energy of projectile while landing to
the ground and projected from ground.
Because speed is same at the time of

projection and striking.

By COME

Mgl g _MslL 1.
2 4 2

lMVZ _ MgL MgL

2 2 8

v’ _gL(3

2 24

VZ/%
4

du
For equilibrium e 0, pointa, b, c,d
X

2
For stable equilibrium % >0, pointa, c
X

2
For unstable equilibrium % <0, pointb, d
X

For stable equilibrium

F=O,d—U=0
dx
2
—d[21>0
dx
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68. F:—j—U 72. P=F¥
X =5000 x 2= 10 KW
For equilibriumd—Uzo P 50x746
dx 73. F=—=22 =~ =373x10’ N
4x-2=0 Vo 36x—>
9 18
=—=0.5m
X - 74. P=Fv
69. - F=2x2-3x-2 7x103=Fx 10
For equilibrium F =700 Newton
F=0 FsinO
2x2-3x-2=0 T
2x2-4x+x-2=0 75. F

_ 2= G v
2x(x-2)+1(x f) 0 m 0 FeosO
x=2 X=-= L

2 Power =F.Vv=Fv cos 0
dF — .
—-=4x-3 76. Ax=d,—d,
dX f i
at x=2 atx=—% =8i+6]
@ @ P:y:F-AXZ(ﬁM}).(Shd)
dx dx t t 6
F F 24+24
daF >0 unstable equil. daF <0 stable equil. = =8 Watt
dx dx
70, u=2_EB 77. p WD, WD,

r'? r t, t,
d—U=0atequilibrium h_m t,_ 29_6
dr P, m, t 35 5

—12A4 (6B _, g{—zAJFB}_O
EE v g 78. P :ﬂ_mgh:200X9.8x3=1470
2A\"* oot
r:(Ej 79. T-4g=4xg/4
T=4 =5g=50N
: At equilibrium U is given by E+E=%
A B B B ¥ =2 g
AV 28 4A 2A 4A 2 \4
B B S=5m
_2x’y p=T5_30"5 125 watt
71. U="2 t
z
- A A A mgh
F=— a—Ui+a—Uj+a—Uk 80. P=—>
ox oy oz
50x9.8x10
FZ_ _z,(ZX)l'F > ]+2XZY(_3]1(:| = 10 =490 watt
z
490
- A n 2y A P=——=0.66 h
po PG 205 Wyp 746 P
z z z
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81. Mass of water
=1492 x 103 x 103=1492 kg
Energy = mgh
=1492 x 10 (16 + 8)
p Energy
Time
9 x 746 = 1492x10x24

t =240 sec = 4 minutes

82. P:m_gh
t
=50x10x50
=25 kW
83. a=£;s=lat2&v=at
m

Average power (P)

1 .,
W_E_F(Zat j_lp

=—=—= \
t t t
FA
84. Pavgz—X=FVan:kmgx[u+0j
t 2
1
Pavgzzmukg
gs. p=IK_5
dt

86. FV=—o

87. P=mav=P =m(vd—vj A%

88.

89.

F = mgsinO

F=2><10><i=EN
30 3

P
Efficiency = =&

in

2
40 §><60
100 P
P_ =100 Watt

d
Amount of water flowing per unit time d_T =Avp

v = velocity of flow, A = is area of cross-section,
p = density of water
To get n times water in the same time,
dm ’ dm
— | =n — = AvV'p=nAvp = v'=nv
dt dt
vdm dm' dm
F=——andF =v'— =n2v— =n?F
dt dt
To get n times water, force must be increased
nZ times.

Exercise-1I (Previous Year Questions)

W=—IFdX

30
W=- j0.1xdx
20

e 30
W=-0.1 [—:l
2 1y

w=-0.1[900'400}

=-25]
From work energy theorem W = K¢- Kj

-25=Kf- %x 10(10)2

Kf= 475]
P = Fv=mav
k= mvd—v
dt
By integrating the equation
J.VdVZIEdt
m

v: k 2k
—=—t = v=,[|—t

2 m m

[6]
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h 15x1
a:Q: 2k lt’% _ it—l/z 9. Pin:mg _15x10x60 — 9000 W
dt m \ 2 2m t
k Pout = 90% Of Pin
o~ F=ma=m,|—t"?
ma=m = 8.1kW
F= fmk 12 10. Constantvelocity=a=0
- 2 =>T=W+f
Fo26+3t5 = mY —26+3t% {m=1ke} = 20000 + 3000
de = 23000 N
v t
= [dv=[(2ti+3c))dt = V=t"1+t%] T
0 0
Power =F.V = (2t3 + 3t5)W # velocity
§=f -t =2{-j+3k l l
W=Fs=(4i+3j).[21-j+3k |=8-3=5
( ]) [ : ] ] = Power =Tv
Work done by the gravity (Wg) = mgh 23000 x 1.5
=103x10x103=10]
By work-energy theorem :- W + Wyes = AKE = 34500 watts
1, , 11. Gravitational force is a conservative force so
10+ Wees _Exm x(50) W.D. is independent of path taken between
Wies=-8.75] two points.
Y2
W= dey 12. U=liy
Y1 2
1 forx =2
W= f(20+10y)dy L
0 U=Ek(2)2 (1)
2 1
y
w=20[y], +10[—} N TP
0 2, §) :Ek(S) -(2)
W=25]
Eq. (2)/eq. (1
W = AKE q.(2)/eq E )
1(1) , U (8
forx =8, 130=_| ~ v BT
v=2J130=228 ms™ =[U'=16U
Forx=12:- 13. P=FV
11 A n A A A A
130-40-5+20 =§(Ejvz P =(10i +10j +20Kk).(5i —3j + 6Kk)
v=20.6m/s P=50-30+120
U+ KE =E and K.E =3U 14. x=2t-1
4U = E = mgS d
X
4mgh = mgS —=v=2m/s
dt
h=> i}
4 P=F.v=5(2)=10 watt
V= 2o 332 385
4 2
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15.

16.

3.

W =K-K;

F.S =K¢-K;i
(—2i+3]).31=K,-10
-6=K¢-10

= Kr=4]

Let final theignt be h¢

Ef: lEl
2

mg h¢ = % mgH

:>hf=% =5m

Exercise-III (Analytical Questions)

F.B.D. of block (of forces in horizontal direction)
A

> f

B —F

[t can be seen that W.D. by friction (f) on block
A is positive and on block B is negative.

Statements (a) & (b) are incorrect because
according to work energy theorem, work
done by all forces (Internal, External,
Conservative, Non conservative) is equal to
change in kinetic energy.

Assertion is correct because according to work

energy theorem work done by all forces (Internal,
External, Conservative, Non conservative) is
equal to change in kinetic energy.

Therefore, kinetic energy of system may
increase due to internal force only.

Reason is correct.

Assertion is correct, because work done is
positive if angle between F& S is acute.

Reason is false:- Work done by friction may

be positive, negative or zero.

=055 Uy (axi 49y +2k)
ox oy oz

[8]

www.allen.in



