pAc E Main Booklet Solution

IT-MEDICAL Work, Power & Energy

JEE Main Exercise

(b)
W:IFdx

W =I:(a+bx)dx

(b)

W =AK

W =K, -K;

W = 12107 - 2x2x(20)?
2 2

W =-400J

()

W :F.S

W =F scos0
W =FR

(a)
v=ay/s
s _. 5

dt

1 2
W =AK == T
m(aJs) -Zm(0)
—lmazs—oz_maZGaZth
2 4
_ L mate?
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(a)
Applying work-energy theorem,
ng +WN +Wfriction +W,

spring —

AK
0+0—(pmg)x+1K<02—x2)=0—lmu2
2 2
= -50x-50x° =—%x50x22

X>+x-2=0

=
= X=1m

(b)
From A to B, applying work-energy theorem,
Wg +Wy =AK

= —mg(R—h)+0:0—%mu2

u=,/2g(R-h)

A

= F=(=2+y)i+(-5+x)]
At (2,-2)
F=—4]-3]
= a:—4f—3]
= a=5m/s?

(b)
For 2 kg block

>F,=0
K

r N,
T
g

2k

20N
— Kx+N; =20
When 2 kg leaves contact (N, =0)

= Kx=20=x=05m
Applying work-energy theorem for 5 kg block
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10.

11.

12.

W +Wspr|ng

AK

= +5><le0.5+%><40><(02—(0.5)2)

=

(a)

=1x5xv
2

v=22m/s

2_0

Applying work-energy theorem for (2 kg + 1 kg) system

W W, = AK

system

= (+2><10><O.6—1><10><0.6)+0=(%x2xv2+%x1xv2j—(0+0)

=

At

(d)

v=2m/s
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13.

14.

15.

16.

W, =AU +AK :[%k(x+ y)z—%kx2j+0

:lky(2x+y)
2
®
v=2i+4t]
a=3V _ 4

e
P=F-v=(ma)-v=2(16t)
Att=5, P=160W
(a)
W =AK
1 2 .2
W:Em(v —u )
From rest to speed v,
W:im(vz—oz)zimv2
2 2
From v to 2v,
1 2 2\_3
W_Zm((ZV) v)—ZmV

2
= (V1) - )

= 2V2

= VZ +1+2v z

man man

= Vi — NV, —1=0

:2+\/§:1+\/§

man
2

€Y
P = Fv = constant
= mav = constant

dv
= mav = constant
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17.

18.

19.

20.

= IVdVOCIdt

vZ ot
Voc\/f

ds
— C

uJ

t

N jdsOcht'dt

o soetd?
S _t3/2 ¢
v o tY?

(c)
Speed of the block is maximum when acceleration of block is zero.
So, mgcosO=kx
= mg cos 0
k

=

(b)

By energy conservation, we have

1 - . M
—mv° =mgRsin 6 2,
mv .
= ——=2mgsin®
mv? .
N =——+mgsin 0
R
mv?2 .
N =——+mgsin®
R
(d)
2
KoPo
2m
p2
= log, K =log, LEJ
= log, K =log, p*-log, 2m
= log, K =2log, p—log, 2m
= y=2x-log, 2m
(a)
When the object is lowered very slowly to its equilibrium position, then at equilibrium position

Kx=mg
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21.

22,

23.

= K(0.1)=05x10

= K=50N/m
Applying work-energy theorem,

Wing +Wspring = AK

= +05x10x o.1+%><5o(o2 -(0.2)°)

_ 1052 0
2

= v=1m/s

(@)

.

mg
2 F,=ma,
T-mg=ma
T=m(g+a)
W, = Fscos0

U

U

=m(g +a)%at2 c0s0°

m 2
=— t
5 (g+a)a

(c)
P = Fv = constant
mav = constant

dv

= —Yy=constant
dt

= f vav oc fdt

= Vot
= Voc\/'E

dx
Now, v=— t
dto“/_

= jdechfdt

—  xoct3?

(d)

Applying work-energy theorem
Wing +Wn ++tWgpring = AK
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2
= +mg (37R)+0+%k((§j —02]

=1mv2—0
2

= V=44gR

24. (b)
Lets say maximum elongation in the spring is X.
Wing *Wn +We +Wgyiing = AK
= 0+0+ Fx+1k(02 ~x*)=0-0
2
2F
= X=—
k
2
W =Fx=F 2F)_2F°
K k
25. (a)
5
Wsiction = _[ —umg cos 0dx = IO —, Xmg cos 6 dx
_ —j1,mg cos0 s
2
Applying work-energy theorem
ng +Wy +Wfriction =AK
. mg cos 0)s?
= (mgsme)s+0—(MO 9 > ) =0-0
2tan 0
S =
Ho
26. (c)
Using work-energy theorem between A and B.
W, +Wy = AK
= +ngcos60°+O:%mv2 -0
= v=,/0R
Equation for centripetal force at B,
2
N —mg cos 60° _ MVg
R
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A *
\ T
\U\_ !E
N =1.5mg
27.  (d)
In extreme position,
Qcentripetal = 0
i-%fx
| “‘\T\]{
a A Ymg
i = u=0
¥

Atantential = 9SIN 0

a, =/aZ+a’ =gsin0

Using work-energy theorem,
Wiy + W = AK

=3 +mg|(1—cose)+0:%mv2—0

= V= JZgI (1-cos)

2
\Y
Qcentriperal — T =29 (1_ cos 6)

Atantential = 0
a, = /a2 +aZ =2g(1-cos0)
=

= gsin@=2g(1-cos6)

= 0=2tan’ [lj
2

28.  (c)
Using work-energy theorem between A and B,
Wiy + W = AK
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29.

1, 1

—mgl (1+cos(180°—0))+ 0= = mv? — =
mgl (1+cos( )+ SmvE—om

v2 :%m—Zgl(l—cose) (i)

At B,

mv?

mg cos(180°—0)+T = e

= -mgcos0+0= Im(%gl—Zgl (1—cose)j

= -2c0s0=7-4(1-cos6)

1
= €0S0=-——

0=120°
(d)
V, =Ui

u
A

Using work-energy theorem between A and B,
Wiy +Wp = AT

= —mngLO:lmvz—lmu2
2 2

= v=4u’-2gL
= vg=4Uu?-2gL]
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30.

31.

= Vg—V,=+U’-2gLj-ui
Vg —vA|:\/(«/u2 —ZgL)2 +u? = ‘/2(u2 —gL)
(a)

Using work - energy theorem between A and B,
Wiy +Wr = AK

= +mg|cose+0:%mv2 -0

= v=,/2glcos0

At B,

V2 («/Zgl 0036)2

Centripetal acceleration = T 7 - 2gcos6

|
Tangential acceleration = /al + a7
\/(Zg cose)2 +(gsin 6)2
=g (\/4cos2 0-+sin? 9)

= g+/3c0s® 0 +1

(a)
At the top most point,
2
mv.
T+mg=—=
r

“"-..__',I"'"":-i =
Vbotton

For Vi, to be minimum
T=0

= Vigp = \/E

Using work - energy theorem,
Wiy + W = AK

1 1 2
= +mg(2r)+0= Emvgomm —Em(\/a)
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2
J MVpott
Vbottom = 5rg and T — mg = ___"bottom

r
= T—mg:?(\/Br_g)2

= T=6mg
32. @
Using work-energy theorem between A and B,
W,y + Wy = AK

= +mg(2R)+O:%mv§—O

= Vv, =./40R

At point 2,

2
mv
N+mg=—2
g R
= N+mg =4mg

= N=3mg

33. 3)

Between A and B
Wiy +Wy = AK

= +mg(6—2)+0:%mv2—0

~ v-{Bg

2
~ UZSinZ 0 B (\/@) Sin230°
29 29
Hpx =2+1=3m

H =1lm

34. (6)
With respect to free end, velocity of block is 1 — (—2) =3 m/s left.
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35.

36.

37.

4kg FO000000000 =

F AN

'
'
1
- _I_,I__:I_\
4kg jUE'jE'I..-'»iJuUu'\,lju' o
1
H
s

Elongation in the spring will be maximum when velocity of block with respect to free end is zero.

ng +WN +Wspring

= 0+0+1x£2(02—x2):0—1x4x32
2 10” 2

=AK

x=0.06m=6cm

(8)

P =640—16v—8v?

= Fv=640—16v—8v?

For velocity to be maximum, a=0
= F=0

= 0=640—-16v—8v?

= V2+2v—-80=0

= v=8m/s

)
Using work-energy theorem between A and B

= —mg| (1-cos37°)+0+(%](| 5in37°)

1 1
:Emvé —Emvf\ = Vg =2m/s
(320)

AL

377 Tﬁm;‘s
n

. mgq sin37°
mg cos37°
377
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38.

39.

40.

2F,=0
= N;—-mgcos37°=0
= N; =mgcos37°

Wy, = Fscos6
=(mg cos37°)(vt)cos37° =320

)
Using work-energy theorem for block,
ng +WN +Wfriction +W, AK

spring —

= +mgsin 37°x0.5+0—%(mg 005370)(0.5)+%><8(02 —(0.5)2)

(1.5)
Using work-energy theorem for block,

ng +Wspring 1 +Wspring 2t AK

U

20+20x—12-12x* —24x—-12x* =0
24X +4x—-8=0

6x*+x-2=0

6x* +4x—3x-2=0
2x(3x+2)—(3x+2)=0

x=0.5

So, maximum extension in upper spring
=1+0.5=1.50m

ud Ul

(730)
Using work-energy theorem for the object
ng +W,;, = AK

=  +5x9.8x20+W,, =%><5><102 -0

W, =—730
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------------ T ~---l>------natural length
X

of spring
u=DT Stg l

FEEEEEEL TS LAY LELELTT

Initially lets take compression to be x.
>F,=0
= 30+20-40x=0
= x=125m
After removing 3 kg block, lets take maximum elongation in the spring to be y.
Using work-energy theorem for 2 kg block,

ng +Wspring =AK

= -—2x10(1.25+ y)+%x40[(1.25)2 - yz}

=0-0
= y=025m
So, the maximum height reached by 2 kg block
=1.25+0.25
=15m

42. (7)
Using work - energy theorem,
Wiy +Wr =AT

v=0 g

N

) I
=

= vy =401 =1/9.8x5=7m/s
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SECTION -1

1. (B)
By work-energy theorem
W = AK

:W:%m(vf—vf):W:%xO.Sx(mz—42)

:W:%XZ4O:>W:6OJ

2. (D)
By work —energy theorem
W= AK = Lmv2 = Lmy? =1xo.5x(b2.45)
2 2 2
HENE NI
2 2 4
3. (B)

From work-energy theorem,

Woorer + Wig = AKEE =0 (" velocity constant)
Or, Wogrter = _ng =-mgh
W, ——80x98xﬂ——6272\]
++ YYPorter ' 100 :
4, (D)

The given situation can be drawn graphically as shown in figure.
Work done = Area under F-x graph
= Area of rectangle ABCD +Area of trapezium BCFE

A F
A B
200N
100N = E
D c F
15m 30m

W =(200x15) + %(100 +200)x15 = 3000 + 2250
= W =5250]

5. ©
Work done, W = Iﬁ.& = (—xf+ y]).(dxi + dy])

0 1 1 1
:>W:-jxdx+jydy: 0+= [+==1
) ] 2) 2
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(D)
m
Here, N—mg:ma:T: N=22"2
N-normal reaction
s - —= (3mg\(1 2
Now, work done by normal reaction ‘N’ on block in time, W = NS= > Eg /2t
242

or. w=2m9

(©)

f”
"
d
’ -
/[ﬂf

At maximum height, we only have horizontal component of velocity . So, Velocity v = ucos60 :%

o m > U €05 6

~
~

~
~
~
~

e - -
’

1 (uyY E
. K.E. at top most point :Em(a) =—

(®)
Momentum of a body is increased by P'=P +%P =1.2P

K'-K

Percentage change in KE = %100

P|2 P2
—| M2 1,100~ (1.2)° 1| 100 = 44%
p

2m

(A)
Using mv =+2mk = v = % 2mk

So, u =0—12\/2><0.2><90 =30m/s
V=0—12\/2><0.2><40 =20m/s

2
:':1:20_30:—10m/s2 So, s:;—:45m
a

(B)
Given, spring constant of spring, K=2Nm™
250 1 K

Mass of block, m=2500=——g ==
g 1000g 4 g
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V€

T

A

2

ugé

Using energy conservation

lmv2><2=1kx2:>1v2=£><2><x2
2 2 4 2

LX==
2

2

(B)
Kinetic energy, K.E. L
2m

KE _(PY (m, _HZX
KE, (P,) |m, ) (2

(D)

By law of conservation of mechanical energy Ak =—-AU
=k =k =U;j—U; =k; = mgy—mg[Y‘Yo]

[ k; =0,U; =mgyand U; =mg(y-y,) ]|

= Ky =mgy,

8_2
5 5

(A)
At maximum height, v=0
=>mv=0=P=0

(©)

By work-energy theorem,
Ak = Wiitforces = J. Fdr

= I(4xf+3y2]).(dxf+dy]) = f4x dx+f3y2dy
1 2
4 x2 e 3_ 2 12 3 3
=4 2| +3 % =2[22 -1 |+[3°-2°]
2
=6+19=25]

(A)

Work done by air friction= Final kinetic energy. Initial potential energy W, ¢riction = % mv? —mgh

= % m (0.8\jg_h)2 —mgh
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16.

17.

18.

19.

20.

W,

air—friction

= 6?4 mgh —mgh =-0.68mgh

(©)
We know area under F-x graph gives the work done by the body

.'.W:%x(3+2)x(3—2)+2x2=2.5+4=6.5J

Using work energy theorem,
w = AKE = work done .. AK.E.=6.5]

©)

L+l =land L =nl, -1 =""andl, ="

1hn 172 T 27 n+1

As kocl, ﬁ:ﬁ:l
I k, (nl)/(n+1) n

(E)

Velocity of 1 kg block just before it collides with 3 kg block =./2gh =+/2000m/s
Using principle of conservation of linear momentum just after collision, we get

1x+/2000 = 4v = v = ‘2200 m/s

Initial compression of spring
1.25x10%x, =30 =X, ~0
Using work energy theorem,
W, + = AKE

gl

=

Frerreraiid

s 40x X+ Lx1.25%10° (o2 —x2)=0—3><4><v2
2 2

Solving x = 2cm

(A)

W=u; -u; =0- ( Mg, Lj M_gzl_
n 2n 2n

©)

mv:(m+M)V'

Or v = mv_ mv v

m+M m+4m 5
Using conservation of ME, we have
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21.

22,

23.

24,

2 2
L :l(m+4m)(zj +mghorh _2v
2 2 5 5 g

(D)

When force ‘F’ is applied, initially F>F,. As F, will be increase, suppose after x distance F=F, and
there is equilibrium. At this moment block has maximum velocity.

F=kx=x= F
Kk
From work-energy theorem,
We +W,, = AKE
2
F(x)—E o =L mv? —0= F[E)—lk(f) ==mv?
2 2 k k
ll:—2——mv2 OF, Vg = —
2 K 2 omax Jmk
(D)
Position, x =3t?+5
d(3t?+5
.. Velocity, v= dx =>V= u
dt dt
=Vv=6t+0
And, at t=5sec v=30m/s
According to work-energy theorem , w = AKE

or w =%mv2 ~0= %(2)(30)2 =900J

©
F=- Mg Ky
or r
Since particle is moving in circular path
2
F=MV 53 mv? = 52
r r r
KE.=Zmv? = £2
2r

Total energy =P.E.+ K.E.

__ K_+_K = Zero ["PE __K given)
2r>  2r? T 2r?
(B)
2
. . . mv- 16
As the particles moving in circular orbits. S0 —— ==—+r?
r r

- 1,1 s
Kinetic energy, KEO—Emv —5[16+r }

For first particle, r =1, K, :%m(le +1)
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25.

26.

27.

28.

Similarly, for second particle, r =4,K, =%m(16+ 256)

16+1
K, 2 17 17 D
S—= = = =6x10
K, 16+256 272 272
2

(A)
Let V; is the final speed of the body. From questions,

lmV]?:lmVOZ:>Vf:ﬁ:5m/s

2 8 2

Fom[ V- k2 .~.(10*2)O'—V=—kv2
dt dt

5 10

Id—\2/=—100KIdt

10V 0

1-£=100K(10) or, K=10""kgm™
5 10

(A)
2
h o V—
29
h « K.E.

As K_.E. becomes half after every collision. So height will also become half.

1
—h+2h| —2-|=3n
1
1-=
2
©)
Using, F=ma = md—v
dt
6t = 1.%—\: [-m=1kggiven]

v ot
I dv = I 6tdtV = 6{%} =3ms ™[ t =1secgiven|
0 0

From work energy theorem,

W:AKEzlm(vz—uz):lx1x9:4.5J
2 2

(A)
Work done by friction at QR = umgx
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29.

30.

31.

In triangle, sin30° o2 PQ=4m
2 PQ

Work done by friction at PQ = umg x Cos30° x4
= umgx§x4: 2«/§umg

Since work done by friction on parts PQ and QR are equal, pmgx = 24/3umg = x = 24/3 = 3.5m
Using work energy theorem 4mgsin30° = 2\/§pmg + umgx
—2=4Y3u=pn=0.29

(B)
G__W__ mghx1000 _10x9.8x1x1000
input input input
Input _ 98000 _ 49,104
0.2
4
Fat used = —210_ _12 89x10 kg
.8x10
(B)
As we know, dU =F.dr
r 3
U= [ardr=%- )
5 3

2
m
As, NV _ or2 = m?v? = mor?
r
1 . .
Or, 2m(KE):§ar ....(ii)

Total energy =Potential energy + kinetic energy
Now, from equation (i) and (ii)

3 3
Total energy =K.E.+P.E.= o, % = %ar

3

(A)
Let u be the initial velocity of the bullet of mass m. After passing through a plank of width x, its
velocity decreases ti v.

u u u(n—l)
.'U—V=—OI‘,V=L|——=
n n n
If F be the retarding force applied by each plank, then using work — energy theorem.
2
n-1
Fx = S mu? - £ mv? =lmu2—lmu2%
2 2 2 2 n
2
1-(n-1
lmuzl ( _ ) }
n
Fx=lmu2(2n _1)
2 n?
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Let P be the number of planks required to stop the bullet. Total distance travelled by the bullet before
coming to rest = Px
Using work-energy theorem again,

F(Px):%mu2 -0

Or, P(Fx)= P{%muzw}:lmu2

n? 2

n
2n-1

S P=

(A)
Given: Ky =300N/m,kg =400N/m

Let when the combination of springs is compressed by force F. Spring A is compressed by Xx.
Therefore compression in spring B

Xg :(8.75—x)cm. In series force is same across both spring
So, F=300xx =400(8.75—x)

Solving we get, x =5cm
Xg =8.75-5=3.75cm

1 2
B, oA(%a)" 300x(5)”

4
Se ;kB(xB)Z 400%(3.75)° 3
(D)
dm
I:thrust: relaz5xo-5:2-5|\|

So, Power =Force xVelocity =2.5x5=12.5watt

(B)
We know that
Power, P=Fv

But F:max:md—v .'.szvd—V:Pdtzmvdv
dt dt

t Vv
Integrating both sides IPdt = m.[v dv
0 0

t t 3/2
Distance, s = jvdt =, /%jt”zdt = z_r:%
0

0

=S= /S—P.t?’/z = 5o td?
9m

So, graph (B) is correct.

Website: www.iitianspace.com | online.digitalpace.in m


http://www.iitianspace.com/

35.

36.

37.

38.

39.

(B)

Total force required to lift maximum load capacity against frictional force = 4000 N
Fiotr = Mg +friction

=2000x10-+4000 = 20,000+ 4000 = 4000N

Using power, P=Fxv

60x 746 =24000xv =1.86m/s=1.9m/s

Hence speed pf the elevator at full load is close to 1.9ms™*

(B)
Centripetal acceleration a, = n’Rt?

V2

8 == = n?Rt?

V2 — n2R2t2
v =nRt
Here power is delivered by tangential force only because power by centripetal force is zero.
[Since Fe LV ]

dv
T
Power =ma,v=mnRnRt=Mn?R*

a, nR

©)
w E L
Power, P = T = — = constant = constant
From work-energy theorem, not work done =change in kinetic energy.
2
= VT =constant(k) .. kt“%and % = kt!/?

Or, ds = ktY?dt
3/2
+C=s5ctd?

By integrating, we get = s =

i.e., Distance moved S oc t¥/2

(©)
Work done by a force is negative when work force is acting in opposite direction of displacement. So,
work of gravitational force while lifting a bucket and due to air resistance on oscillating pendulum are

negative.

(©)

Let’s two motor A and B

Website: www.iitianspace.com | online.digitalpace.in m


http://www.iitianspace.com/

mg
For motor A
PA = F1V1 ........... (1)
Given M = 300 kg
oo F1=mg=300N

d=100m; t=5min
t=5x60=300s
d 100 1
v,=—=——=-m/
t 300 3
From Eq. (i) ,
P, 3000 x% —100W
For motor B
M=50kg F,=mg
= 50x10=500N
100
V2=
2x60

5
= vzzgm/s

P, =F,v, =500xg=@

Py 1000 = L (ii)
P, 2500 P; 5

P,  3Jx

P_B - X +1
\7;\/51 :% [from Eq. (ii)]
154X =12/x +12

= 3\/;:12
X =4=x=16

But,

(B)
For statement |
Work done = AKE

= FS=0-KE

= KE =SF

= s_KE
F

Hence, both car and truck will cover same distance .
For Statement Il
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—
IV; for cos

—_—
Vs

From the diagram, AV = Vi — V;

laV|=+2V

Thus the velocity is changing, therefore a # 0.

Hence, statement Il is incorrect.

41. (C)
At highest point during projectile motion, the velocity of projectile in vertical direction becomes zero
but it has horizontal component of velocity. Because of this, kinetic energy will not be equal to zero.
Gravitational potential energy is maximum at highest point and equal to

2 ain?2
mgH = mg(“ sin Oj
29

Highest
point
—— — Uy
b, e
0 —— ¢y ¢
ucos 0

\
usin@+ U

42. (D)

7 —e———sUCOS ]
L {-}:300 .,
s — N

Kinetic energy of particle at point of projection,
K1 = 1/2 mu?
Kinetic energy at highest point,

1
K, = Emu2 cos® 0

4
= —=— - 9=230°
3 [ 1
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SECTION - 11

(2)
Work done by A=Work done by B

F,dcos45 =F,;dcos60’
1 F V2 1

:FAxi:FBx—:—:—:—:X:Z

2 P2 TR 2 2

(450)
Given,

Force, F=(5y+20)]
Work done, E = I F.dy

10 5 2 10
— W= j(5y+2o)dy={%+20y}

0 0
- gx100+ 2010 = 450]
©)
If AC =1 then according to question, BC=2l and AB=3l.

3/sind

Here, work done by all the forces is zero.

Wfriction + ng =0

mg(3l)sin®—pmgcos6(l =0)

= umgcosOl =3mglsin® = p=3tan6=ktan 0

k=3
(24)
Using work-energy theorem, W, =(K; —K;)
2
Sl im(Y) ime-EE
2 2 \2 2 4
:>1Kx2=3—E:>K=3—EZ:>K= SE ~=24E
2 4 2X (1}
2x| =
4

So, value of spring constant of used spring is 24 times of kinetic energy
n=24
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(2)

Using energy conservation for plane AB

%mu2 = mgh (Here, u= initial velocity of block)

:>%><m><u2 —mx10x10 = u =102

At point B
. .o =10
Acceleration, a=—-gsin45 =—
J2
Using v=u+at,;
10
—=0=10J2 - =t
\/E 1
=1, =2sec
For plane BC
V2
B
10 m
7
450 300
-3 .

Using s=ut2+%at§

= _10 _ :1(103in300)t§ ('.'Sz _10 J
sin30 2 sin30

So total time T=t, +t, = 2\J2+2= 2(«/§+1)sec

(16)
Mass of engine — wagon system, m =40,000kg Velocity, v=72x5/18=20m/s

KE.= % mv? = %x (40,000)x(20)* =8000000]

As 90% of K.E. of system lost in friction, only 10% is transferred to spring.
1 10

. =Kx? = —x 8000000 = 1 K x1x1=8x10°
2 100 2

= K=16x10°N/m

(40)
2m, 2kg
1m
L
1kg
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10.

11.

12.

Loss in potential energy =gain in Kinetic energy

Take zero potential energy at table, initial potential energy

=—1><10><£:—5J
2

Final potential energy = -3x10 xg =—-45]

Change in potential energy =-5—(—45)J=40]
k=40

(10)
By mechanical energy conservation,
T.EA = T.EB

mg(10)+0=mg(5)+%mv2 —=v=.2xgx5=10m/s

S.x=10

(6)

Here kinetic energy of ball is equal to P.E. stored in spring i.e.,%mv2

:>%><4x(10)2 :%xloox(Ax)z = Ax=2m

Therefore length of the compressed spring
X=8-2=6m

(150)
From work energy theorem,

W:F.S:AKE:%mvz

Here V? =2gh
.'.F.S=Fx£=lx£x2x10x20
10 2 100

-.F=150N

(10)

Kinetic energy =change in potential energy of the particle.

KE = mgAh

Given, m=1kg.
Ah=h,—-h, =2-1=1m
- KE =1x10x1=10J

(18)

Given, Mass of the body, m = 2kg
Power delivered by engine, P =1J/s
Time, t=9 seconds

Power, P =Fv
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13.

14.

= P =mav [-F=ma]

~m%,p (-.-a:d_vj’
dt dt
:>vdv:£dt
m

Integrating both sides we get

v t 2 12
:Ivdv:ijdtzv—:ﬂzv:(gj
5 mg 2 m m

= d_x = Etﬂ2 ( V= d—Xj
dt \} m dt
X t
:>J'dx=‘/2—P.[t1’2dt
0 m 0

3/2
.. Distance, X = /Et_: /Exgth
m 3/2 m 3

= X= 2—X1x3x93’2 =3x27=18m
2 '3 3

Fatt=10sec
F—5gsin 30° =5a

F—5><10%=5><1

F=30N

v=u-+tat
v=0+1(10);v=10m/s
P=Fv=30x10
=300 W

(48)

Given, max-load = 1400 kg

Speed of elevator (v) =3 ms

Friction force = 2000 N

Force due to load = Ma =mg

= 1400 x 10= 1400 N = 14000 N

Maximum force = Force on elevator + Friction
= 14000 + 2000 = 16000 N

P..=F. xVv

max max

16000x 3 =48000 W =48kW
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15.

16.

17.

4)

Given, m = 2 kg

We know that, P =F x v
P=mxaxv

= IPdt :J‘mvdv

mv
f2p f2P
—ds = /—.dt:jds:j /@ dt
s / p t*° / P {32
3/2 3
- 3 / (4¥*  (-t=4sandm=2kg)

16 M a?\P
= SWP=3P=

oo =4

(given)

(296)
Given, force acting on body,
F=ti+3t%]
Acceleration of body,
a :£=(tf+3t2])m /s?

m
Velocity of body at instant t,
v=u+at (u=0)
—v=t%+3t] m/s
Power developed by force, P=F . v
= (ti +3t2]). (%1 +3t3)) = 3+ Ot°
At=t=2s, poweris;
P=2°+9x2° =8+288=296W

(2)

Given, a =-2x
dv oy
dx

= vdx =-2xdx
'[sz vdv = —ZJOX xdx

v vi_ 2
2 2 2
~ KE=- 25|n6:E.ne
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2 2
mv mv
S S m)(2
2 2

Loss in KE = mx? = 2

1000
=102%x%= 10 ;
X
n=2
18.  (3)
Given, E, ==mu’ -0
ElzlmuzzE
2
1 1
E. ==m(2u)’* = =mu?
2= 75 (2u) >
2mu2—1mu2
2

E, e :B(Emuzj =3E]J
2 2
Hence, value of n =3
109. 2

Given that, F = 2N
If a be the acceleration produced in object, then

Fsind

‘ 0
M ________ o .-.......-)Fcos 9

Smocth horizontal surface

F=cos0=ma

= F cos kx = ma [ 6=kx]
= Fcoskx=md—v {.-a:d—v}
dt dt

= 2coskx:m?j—\t/[-.-F:2N]

= ZCoskx:m.d—V.d—X
dx dt
= 2coskx dx = mvdv
On integrating both sides, we get

IZcoskxdx:jmvdv

2sinkx _ mv?
k 2
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20.

21.

22,

23.

2sin@

= KE
K
. KE=2%"®_Xgng
K
X=2
(7

From third equation of motion
VZ=u?+2as=22+2x2x6

= v*=28

Kinetic energy to lift , K = % mv?

K :%x500x28

K=7x10° J= K =7kJ

[ 0 =kx]

Let u and v be speeds, just before and after body strikes the ground.

(375)
Given, E:ﬂ
v 1
1muz—lmv2
Loss in KE :>AK:2 T 2
= mu?
2
vy 1 15
AKE=1-| = | =1-—==
4 16 16
%Ioss:Exloozﬁ,x:WS
16 4
(32)
Given
F=(2+3X)

W= ["Fdx=[(@2+3x)dx

2 4
W={2x+3i} —[8+24]
2 0
W =32

(30)
(30) Work done by variable force,

W = [ Fdx = [:5xdx {S.X—;T

2
5 5
=2[4°-2°]=2[12
2[ ] 2[ ]
=30
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24,

25.

26.

(132)
Given that, B/F =(5+ 3y2)] N Displacement is also along Y -axis.
So, work done, W = .[F.dy

2
%loss = 2 x100 = > x =3751—[ Y | 21— L 15
16 4 4 16 16

- {5y+%} = [5y+ y3]2
=[5x5+(5)°]-[5x2+(2)°]

(40)

(40) Force,
F=(5i+2j+7K)N
Displacement vector,

Ar = ri—r;

= (51 — 2] +K)— (2i +3] - 4k)
ar = (31—5j+5k)m

Work done, W =F . Ar

= (51 + 2]+ 7K).(31 —5]+5K)
=(5)@)+ () (-5)+(7) (5)
=15-10 + 35=40J
Alternate solution
F=5i+2j+7k

F=|F =5 +22+7% =78
Ar=r —r, =3i—5j+5kK

af =3 +(-5)? +5? =+/59

Angle between F and A r is given as,

oS0 = Far  5x3+2(-5)+7x5

Flal Ve
- 40
e
40
. Work done, W = |F 0=78x+/59 x —==401
ork done |F||ar|cos \/_x\/_x\/%x\/@
(300)

Distance covered by mass in 8 s.

Using, h = ut+%at2
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27,

28.

Peym=0.4 kg

I=7s
I=8s

A A S

h, = 0><8+%(10)><82 =320m
Distance covered by mass in 7 s is
h, :%x10x72 = 245m

Distance covered by mass in last 1 s
=320-245=75m

So, loss of PE in last second

= mgh=0.4x10x75

=3001J

Alternate solution

Distance covered by the body in last second (8" second)

h, =0+%g(2t—1)

:%x10(2x8—1):75m

.. Loss of PE in last second =mghs
=0.4x10x75=300J

(784)

4.(784) Speed of bus (v) =80 km/h
mass of bus (m) =500 kg

distance (x)=4 km =4 x 103 m

For a constant speed,

Work done by engine + Work done by
Friction=0

ThUS, WDengine = _WDfriction = (_l"l mg X)
=0.04x500%9.8x4x10° = 784kJ

(245)

By work energy theorem

W, +W =aK

friction gravity

= W, +(10x0.3) = 0—%(1)(22)2
= W, =245
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