A ALLEN Pysic
bt - Work Power & Energy

7 g vdv 3a2 5
4 W=25J,F=5N&d=10m . dx e
5 ‘ >
250 1 I s F = ma = —a%?
SO Cos 6 = 5x10—2=>9—60 : .4
2 2
2. Work has to be done against gravity in second case. W = _[Fdx = %az I x°dx
3.  From the figure F sin 0+N=Mg . ‘ 0 :
> W=50J
N=Mg-F sinf = -
1. "W=Ex
' Esind ¢ , F = 4i+j+3kN & %=7%,-F

o £=111+11j+15k

. SoW=1004J
a a 2
8. W, = [Fdx = [Kxdx - -}i;—
F cos@=f=pN = u[Mg-F sin6] 0 |
. ~ a a 2
l, F (COSG + ].lSlne)-—].lMg | | w2 — Jledy = jKydy = K;
0 0
J F=Eg;$1_idi'—6 = force i‘equired to pull an object | Ka? Ka? |
LLSIN | W = Wl + W2 = ——2—+——2—— = Ka?
Work done in pulling an object ,. 9.  Resultant of three given forces — -
“ng Coi P= Fl * Fg + F3
W=Fd = cos@+ nsind ~ a o~ | 10~ 454
=3i+9j+3k+|——7—i +—k |+ (221 +11] + 66K]
1 L ]
h _ |Fdx = |2xdx | 1165 ~ 528~
4. W x'.[ x][ | - -—77—1+20]+—7—-k, units
> W = x? - x? Displacement 1 =1, - T,

: 2 = [11i + 6] + 8k] - [4i-1j+1K)
W = dex _ j(10+0.5x)dx
0 0]

= (7i+77 +7k) units
work done = F.T

= W = 10[x]? + 0.5 |+ [165 . 528~

DN
Rl
o

I

. —7—1+20’j+-—7-k_;[7‘i‘+73+7111

165 + 140 + 528 = 833 unit
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10. In rectilinear motion work done by a force equals |

to area between the force-position graph and the _

position axis

(a) W,_,,, = Area of trapazium OABC =75

(b) W,,_,. =—Area of triangle CDE =-25J

() W, 15 = Area of trapazium OABC - Area of |

triangle CDE = 50 J

2m
- KB _ (1.5)2 = 2.25
Ki P "~
— Kf — 225 Ki
AK K, -K, |
—_ -_}-{_'__ le =125%

So kinetic energy increases by 125%

2. [et p=x SO K= 3x
1 1
NOW K = Emvz = -2-13\)
= VY = '2"}5' = 6 units

P

3.  According to work energy theorem

1

W granity T Wair = AKE = mgh + W, =5 mv? -0 |

2

gravi

— 10 x[10] x[20] + W, = 500
—,  Work done by air on object W, = -1500 J

If E = constant then x «

A A l:.
D)) l
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3
= L V= . = t2 Velocity at t=0,u=0
3 dt
and at t=1s v=1 m/s
1
Using work energy theorem: W = 5 mv? — o mu
412 =-050

(A) -P, I, S5 (B) -1

For (A) : p=+2mK if K1 t/henp T

For (B) : lts height may T or
For (C) : W = AKif AK = positive then W = positive

For (D) : The resultant force on the particle must

be at an angle less than 90° Iall times

Mechanical energy = kinetic energy

+ potential energy
1

E = K + U(x) where K = -2~~mv2
If K= 0 then E = U(x)

U . dUX
If F =0 then F%—— " =0:>—dx = ()

-
Jk

So L T T E
Ky VK

F, k, x,
Fi_ JE

= F2 kE
st : 1 2

In 1% situation W= Ek(l)

& In 2™ situation W' =-12_k(2)9= 4W
So required work done = 4W - W = 3W

Using |

mg (h

By aj
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ty at t=0, u=0

W = positive

yarticle must
55

]
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6.

M

Let maximum compression is x_

Using law of conservation of mechanical energy

mg (h + x_) = }-er%
2
1
= 2004 +x_) = 51960 X2
= 980 x2-20x_ -80 =0

ﬁ 49X§1—Xm—4=0

By applying work energy theorem
AKE =W, + W »

2F
——_ 2
2Kx + Fx = x——-—K
2F?2
Work = —
ork done 7

By applying work energy theorem

1 v 1 1

M —— 2 — w2
2m4 zmu zkx

- —3_mv2 ok o . 1 _ SmV

At maximum speed net force = 0
-Applied force by engine = resistive forces

Here power of engine = constant

So (6m)20 =

(14m)v, = (8m)v,

= v, = 8.5 m/s

and v, = 15 m/s

Physics
COME = K, + U, =]‘<12+U2
1 1
= 0 + -é-kl}-:2 + -z—kzx"'

Output power of motor

mgh (30x 1000)x 9.8 x40

t 15x60

Output power of motor
Power consumed by motor

% eftficiency =

30x1000><9 8x40
= 30 =
15x60xP
9 8x1000x40
= 15><6O = 4355 x 103W
= 43.6 kW

Output power of pump P= mgh _100x10x10

t o
t}utput m 2 kw
P 2
therefore, P, |, = - m;t]pm =06 =533 kW



P r e'MedicaI . | ~.¢1:I:~j) CAREER INSTITUTE

EXERCISE-I (Conceptual Questions) Build Up Your Understanding

— o = = 5 1 =98J | 17‘
1. W=Ed 10. WD = APE = 10 x9.8 X
11. W = Fdcosb
= (2i-j+4k).(8i+2j-k) =0 ~ 10 x 10 xcosb = 50 :
2. d=%-F - 1
p— COS@—2
:>a='i‘+2j+i;&}‘==(3i+2‘j+411) — 0 = 60°
| - I
SoW=Fd =11 2 i \
12 S="'4_ v_z -
5 C
3. WD-= J(3x2+2x—7)dx t=0,u=0 \
‘ t=2,v=1

=125 +25-35=115J

1
WD = AKE = 5 x6 x1 =3J
4.  Work will be zero as angle between force & 2

displacement is 90°
d y 13. WD = 30 - 20 = 10J z

dS. Force 1 displacement = WD = 0

»

1
as cosf = 0 14. Area of graph = [3 x 3] + [§x3x3:|=-9+4.5
6. For the block 1 |
Mg - T = Mig/4) L
l,a 15. Work will be zero as force is perpendicular to
T = % Mg displacement.
i at A - 18.
Mg 16. Here, 1, =(3i+2j—6k)m 8
3 3
= — 180° = ——Mgh " A a
So, Work =- Mglh) cos 4 , =(14i+13j-9k) m
— ; | —~ 5 o~ s
7. N = Mg + F sinb F=(4i+j+3k)N
FcosB _

IQ@ The displacement from a position r; to position ;E-

I, is %

Fsin® 2 :

T s

mg ST :

14 :

= (141 +13j- 9k) - (3} +. 9% _ il |
]—:-‘Fricﬁm = p,(mg + F sin6) . | = 46 é 2
Work = —p,(mg + Fsin®) s = i+ 11j- 3k 20.

Work done = Area under F —d curve Work d - ;
dW = kx2dx cos60° Orkdone, W = F 1 ; 21.

k 2 2, ki3 3 =(4i+j+3ﬁ)-(113+111- !

w[)=_2.£xdx—-6—(x2—x1) ) = 3k) é

=44 +11-9=4¢ 3

ﬁ
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22.
23.
Here we have acceleration and displacement.
Work done by the force on the body when it reaches | 24.
atx =4 mis
W, = Mass of the body x Area under ABCD
- 2[(%x1x6)+(3x6)] =42J
25.
Work done by the force on the body when it reaches
26.

atx =7 mis

W. =W, + (Mass of the body) (Area under CDE -
Area under EFGH)

wi il 2.} i 2 [[%—xlx6]—(%xlx6]—(lx6) J

=42J+2(3-3-6)J=42J-12J=30J 27.

X = 3t — 4% + t3

_ iX-_B 8t + 3t*

dt | 28.

lmw% ——;—mvg = AKE

D=
N 2

1 2
WD - ( 1OOOJ[(19) (31 | - 5.2854

29.
WD=lmU2—lmu2 = AKE
2 2
K o p?
So if p become ‘n’ times & K becomes n? times :
K oc p? 30.
AR 2Ap _AE__l___éE____ £0s
=K~ Pp 2K s 31.

p o« VK
Py K,
=, = _K_; = p, = J2p, as K, = 2K
= p,=141p,
So momentum will increase by 41.4%
1
p = constant so K oc —
m

:>K1:K2=m2:m1=5:1

2

P
E, =—
“ " om

1
Ex X _p_ = constant

graph is rectangular hyperbola

|

Ex = Emu . Graph is parabola

Work = Change in kinetic energy

1
= m(v? - v?2)

=E[_Ei= 2

e %(2)(02 ~20%) = W = - 400 J

P =
KE = — =
2m 4 p2
.2
4KE =P P = 2p
2m

Physics

Energy dissipated = kinetic energy — potential enrgy

=>E= lmuz — mgh
2
= E = % x 0.5 x(14)* - (0.5) (9.8) (8.0)

- E=(49-39.2)J > E=9.8d.

_P
2m
2 1 p2
_p~ S=to
= - 2m 2 p*
KE1=mlgh=?‘_=_];
KE?_ ngh 4 2
pl_p P m_2
1 2 = P2 2 2
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44,
D2
32. KE=-—
2m
45.
12 |
4KE — -2—r'n-
46.
1_ (R\’z |
4 p')
p =2p
' momentum T by 100%
2Ap AK Ap ' 47
) =— = —=2% | ’
33 5 R 5
|
34. WD isindependent of path for conservative forces.
35. WD isindependent of path for conservative forces. |
36. WD isindependent of path for conservative forces. 18
| .
37. F= -%f-i
| 49.
38. Viscous force is a non conservative |
39. PE is minimum at stable equilibrium
dU
. BE o |
40 Tl
16x-4 =0 |
1
=—=(),25 |
X 2 m
41. For conservative force in a closed loop W = 0
WD,, + WD, + WD,, = 0
5+2+WD_, =0 20.

WD, = 7J
42. As we are pulling the bucket with constant velocity

and leakage is at constant rate. We can take
average mass

15+9"
W=mmgh= 9 )xlO x15 = 1800J

43. Work done = mgh
m = mass of hanging part

M () 2
-~ L'\3/) 3
h = motion of COM
_(Ek]l_k_
~\3/)2 3

ﬁi}’ GﬁEﬁ%&%lﬂ
Gucecss JROTA (RAJAS | HAN]

Here gravitation force of earth is centripetal force
0 =90°WD=0

Since force is constant so work done is path inde-
pendent. Hence W, = W,

1
W= -2'1{(}{?—-)(2,)

- %[800 0.157 - (0.05)2] =W =28

T = kx for spring

-1—kx2=—1- 12_=I2_

Energy = > 5512 " 2k

2x10x20=400d

%xkxeﬁ=

%xkx(10)2=

2 _X
100 U

U' = 25U

L1

U=
l_12

B
6

dU
o O at Equlibrium

-12A (-6)B 6[ —2A
> _______O. =0
T13 r'? ) r? ]

:
5
3

o \L/6 -

I = ,

5 s
?
:
|

ol.

52.

Wc

wt

in

al



B4 | ]
&E%-‘t%ﬁ‘rl;n! TE ¢ "“::"}. &Eﬁ%sﬁlﬁ
w Dard ra S orcvnd m

tripetal force

51.
is path inde-
= 8J |
L
q
|
52.
|
|
|
|
'.{
{
!
|
J
.
R
Z
o
g
Q
¥
O
i
S

Work done by gravitational force

= force x component of displacement along force

= mg(R) = [10200] 2.8 (12;)00]

=392 x10”° J =3.92 mJ

Work done in stretching a spring

W = —kx?

1
2

where k is the spring constant and x is the extension

in the spring
1, 2
s W, = kal

1
and W, = Ekxg

Extra work done = W, - W, = AW, - W,

=3W1=3X4J=12J

(- W, = 4d (Given))

....(ii)

l

93. Given: U =

20xy

Z

For a conservative field

Physics

O (20}{3;)_”2 0

+ j—
oy\ z ok

= — | 1—
Lax Z

2 (22

Z 2 Z

'« B [20}{5;]

[ZOyJ-i- _[_2_95]] , 20xy -
2

Z Z Z

54. U= %mvz
no2U
U2

929. W =mgh

=1 x9.8 x10 = 98J

56. At height = %

PR R
| 5
h
KE = —
mgx5
KE:PE=1:4
1, 1 .,
57. By COME = —mv" = —kx
2 2
=lx16x4x4=lx100><>{2
9 2
16
=-—-=1.6m
Sk T

(

202xy ]]
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g %XO.5><(1.5)2=%><50><X2

2
0.5_2;8-*5) — X2 x = 0.15m

59. In projectile motion, there is no change in kinetic |

energy of projectile while landing to the ground
and projected from ground. Because speed remains
same during projection and striking.

-

60. Power= F.v

=4500 x2 =9 kW

61 F-= Power 100x750 3 75 « 103N
X 72){-i
18

- mgh 300x10x2

: 3 = 2000 W

62. P

forg=9.8 m/s? Pis 1960 W

WD
P, = 1
63. 1 T,
Ts P, 3 11 11
64 7x103=Fx40x—5—-
] 18

F=630N
65. For the block moving in upward direction

T-10g=10a = T=10(g+ g/2)=150N

66. P=mav=> P= m(v—dy-) v
dx

3
mv
:>mU2dV=de = --é-—=Px:>vocx”3

67.

area of cross—section

v = velocity of flow, A is

p = density of liquid _
To get n times water in the same time, Change |

(dm]r _ nEl_IE — A vp =nAvp = V=nv . Work

dt dt

2
| dm’ dm _ 2. v==t

| To gets n time

times. |
68. Force against which work done is

1
F=mgsin6=4><9.8><'46 =098 N

s water, force must be increased n

3. WDis-
speed v = 40 m/s
tor 50% efficiency required power = 2 (Fv)
69. Mass of water = 2238 x1023 x10° ‘
= 2238 kg

Fnergy = 2238 x10 x10 = mgh

2238x30x10°_ 1 . 750 (T is time)

- 2238_><10 x 10
B 750

70 Power =100x10x100 =100KW

T second = 5 min.

1
71. a= E-;,s= —at? & v = at
m 2

1 .
t

Average power (P) =

W
t

72. Power = work done as change in PE
time

TE

L]
—

| | _mgh=80><10><6 -
S t 0 =480 W T

480
| 8 1 = 0.63 hp

.'.P=7]71‘6-

Fsin®

73. "
0 FcosO

= Fv cos 0

|
el
<l

Power
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12. Fyg =P

0

13. W = F5=(31+j).l4-2i+(3-0j+(-1-1kl | 16.
= (3i+j).(2i + 3j - 2k)
= 3(2) + 1(3) + 0(-2) = 9 J
14, W = - dex
30
W= — IO.lxdx
20
2 30
W = -0.1 [i-]
2 120
00-400
W = —0.1[2—2 —] = =25
From work energy theorem W = K, - K 17.
25 = K, - = 101107 l
= -20 =RKs- 5
15. P =Fv=mav
18.
v
= k=mv
By integrating the equation l
k 19
vdv = |—dt '
= Jodv=[= :

. So,
1 g_]i F = mk
F=ma"m(§ mt 2t W -
Pressure = 150 mm Hg 2. a-=
dV 5x107° 3
Pumping rate = _d_t-:: 60 in /S S =
P v _ h x gy e
Power of heart = F.—0- = PG X~3
_ 3. K.
5x107
- (13.6 x10°ke/m?) (1) x(0.15) x 22
Sc
_ _13.6)(5 x 0.15 — 1.70 watt
6 4, P
, a
From KE=-21— - magh
2m

p= szz-él_{ =4/2 x (50)* x10 x 0.8 )

p = 200 kg m/s
dv

— ma=2t'i+3t2‘i (m = 1 kd|

F = 2ti + 3t
v t ) )

o [dv= [@t+3%)dt = =124 5
0 0

Power = Fg = (2t3 + 3tO)W

wni

=% -F =2i-j+3k

w=F=.§_=(4'i‘+3’j).[2i-‘j+311]=8—3=5d
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| EXERCISE-III (Analytical Questions) [ taisteiu b of T-Yo T (T T LTS ST T T T

1.

d=(3-2)i+(3-1)j+@-3)k = i+2j+k and
F = |F|F
— i 1 A 1_‘ I >
So, F =20 —(6i+8j) | = 12i+16j
V6% + 87 ! |
W = Fd=44J |
v mv
a=7 &F=ma= 7"
t1 1:1 |
1 1lv
5=§at :szagtz |
L
W=Fs= Emtft
|
1 Y
K= 27K =v = ?D
a = pg as f = pmg] |
V, Vo

S0 0 =V, K8t == 2at,

P=Fv=ma.v |

2
\Y vV mv
SOP=m[t1J(tlt]:>P='tzl’[ ‘
1 1 1

Till x = 2m, area under the curve F = d is zero so
W.D. is zero therefore KE remains same at x = 2m, |

v=4m/s
Force = -4 N, mass of body = 2 kg

-4N ,
. acceleration (a) = —ZE = -2 m/s°.

This reduces velocity.

Now v? = u? + 2as.
L =(4)? +2x(-2)=(16-4) = 12

at x = 3 m and onwards.

1
". Kinetic energy = 5 x2x12=124J

Physics

6. Applying law of conservation of energy

1 , 75

——
75x12x%x2 3 12x2 \/—-'
- = |— = 18m/5
orV=4700xm V4 1

R
-A
. Potential energy = — I FdR = =

2

1A | mv
KE = EE by Fcentﬁpelal & Fi -
-A
T.E. = R

8* IE. — SXZE T 4]

F=xi+yj = df =dxi+dyj
Work done, W = [F.dr

(3'10)(3x2‘i‘ +4])dr

(2. 3)

(3, 0) '2
[ 3x“dx +4dy

(2, 3)

(3.0)

[xa +4V](2.3, =33 +4 x0-(23 + 4% 3)

=27+0-(8+12)=27-20=+7J
According to work energy theorem,

Change in the kinetic energy = Work done
AKE =+ 7 J

11
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