Q1

Q3
Q4

Q6
Q7

Q9
Q.10

Q.12
Q.13
Q.14
Q.15

Q1
Q.2
Q3

Q5
Q.6

QS8

Q9

Q.10
Q.1
Q.12
Q.13
Q.14
Q.15
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@
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©)
@
@
¢
@
@
¢
@
@
@
@
@

©)
@
©)
@
@
@
¢
@
©)
@
@
@
@
@
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Physical World

EXERCISE-I

)

EXERCISE-II



Units and Measurement

Units and Measurement

Q.1
Q2

Q4
Q5
Q6

Q7

QS8

Q.12

EXERCISE-l (MHT CET LEVEL)

@
©)
(©)
@
@
©)

E [MLT?]
h v _ [T
|  MR? [ML?]
=[T] =frequency
(©)

1 P
Angular Frequency (f) =T MeLoT

So, heredimensionin lengthis zero

@
P=mvm — mass

v — velocity
Dimesionof [P] =[MLTY]

@
@
@

oz
o must be dimensionless

az 0; 00
:>k—e=[|V| L'T]

_ko _[MLT?KT]IK]

oz [L]
=[MLT]

P:%:[ML’lT’Z]

[MLT?]

T ML =ML

=

©)

3
T=2n ML
3Yq’

writting dimensions of both the sides,

Q.13

Q.14

Q.15

Q.16

ML |2 [L*T?]
Weget [T]:|:ML1T2qj| = =

or q:[L“]

@

Dimensionof at=D

1

q

imension of F

F

[at]=[F]:>[a]=[J

MLT ™
bl=| " = [a =[MLT7]

Dimension of bt? = Dimension of F

[bt] = [F] = [b] = {

F
I3

[b]{MLT_ }:[b]z[MLT“]

T2

3
1/2
. ﬁH
2/l m

v =LZE:>
4/ m
Now, dimensiona fo
_ (ML
T

__PF
40%0?
rmulaof R.H.S.

-1 0]

[MLT

[Pwill havenodimensionasitisaninteger =ML1T°]

)

Dimensionsof ¥ =
M —lL—2T4A2

= (MT—ZA—l)Z

= [M=LTeA1]

S

dimensions of X
dimensions of Z2

Mut Cer COMPENDIUM




Q.17

Q.18

Q.19

Q.20

PHYSsICS

Pt o [MLT
C

C=[LT]

o Energy  [ML*T?]
 Areaxtime  [LZ][T]

=[MT7]

P<QVCZ=[MOL T
[MLITAX [MTS)Y[LT Y2 =[MOLOT|
X+y=0= x=-y
—X+z2=0=x=z=-y
—2x-3y-z=0
x=1

=-1
z=1

@

Let V =KkT*A"p°

k = dimensionless constant Writing dimension on
both side we get

(LT =[MLT2 ][] [MeeT
[ Mmoo

Comparing power on both sides we have

a+c=0a+2b-3c=1-2a=-1

azi,c:—lj b:—l.'.V:k il
2 2 2 Ap

@
[MLT?] =[L%] x [L°T*][M°L*]
= [M cLZa+2-3cT-b]
comparing powersof M, L and T, on both side, we get
C=1,2a+b-3C=1,-b=-20rb=2
Also, 2at+2-3(1) =1—2a=2o0ra=1
-, Thisis1,2,1

@

Since unit of energy = (unit of force). (unit of length) so
if we increase unit of length and force, each by four
times, then unit of energy will increases by sixteentimes.

@

Given
P=10°dyne/cm?
n1ul = n2U2

| MILy' T | =10° M3LT,? |

Q.21

Q.22

Q.23

Q.24
Q.25

Q.26
Q.27

Q.1

Q2

Units and Measurement

1 -1 -2
Ml Ll Tl

el LT
B 1000 | | 100

@

c? 272
E: LT 2 :[ ]
@

Least countfor A (L.C.), =0.001 mm

1
Least countfor B (L.C.), = 50 mm=0.02mm

Least countfor C(L.C.).=0.01mm
Least countfor D (L.C.),=1MSD-1VSD

=1MSD —EMSD = iMSD
20 20

=0.05mm

o (L.C),issmallest.

Hence more accurate.

@

oM _w_ R
g= R2 = g =-2 R
drR dg

= =-1%=> " =2%
g

R

©)
@

©)
@

EXERCISE-Il (NEET LEVEL)

€)
PARSEC isaunit of distance.
It isused in astronomical science.

2

Sl unit of universal gravitational constant Gis-




Units and Measurement

Q3

Q4

Q5

Q6

Q7

QS8

Q9

Q.10

GM.M,
R2
Here M, and M, are mass

R = Distance between them M, and M,
F=Force

Weknow F=

2 2
G- FR™ _N rzn
MM, kg

So, Unit of G=N-m?kg2

@

dv
F=n|— |A
”[de
kgm m/szec>< 2

z ="
Sec m

=n=kgm™'S*

Q)
Here p is specific resistance.

pm

R = ol =ohm="— =p=ohmxm
A m

@

Herei = current

A = crossectional Area
M =iA

=Amp. m?

@
Stefan-Constant(c)
Unit — w/m?-k* =wmzk*

(©)
S.I. unit of the angular acceleration israd/s?.
o = angular velocity/time

@
AM =mvr
[AM] =[MLT1L] =[ML2TY
@
weber MLZT pt

magnetic flux density = o T

@

Dimension of Pressure= M!L-1T
=Force/Area

Itis same as energy per unit volume

_ Energy M'LT?

~ Volume  L® =ML

Qu

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

)

VT
v
|

T
AT

= = = A71

Ol

| x

©)
All thetermsin the equation must have the dimension
of force
. [AsinCt] = MLT?
= [A][MOLT =MLT>2
= [A]=MLT?
Similarly, [B] =MLT2
[A]

[8] =ML

Again [Ct]=MoLoT° =[C]=T*
[DXx]=MLT°=[D]=L"*
[ Cl

— = MOLlT 1
[D]

- {%} a| 2=
ma ma
ma LY
(o= {13} { B}
o] =L

2

It is obvious

><9><V
V

4
By checking each option.

ve_[er]
g [LILT]

L2T72
= [zpz - IMLT]

@
G=6.67x 10N m?(kg)2

=6.67 x 10 x 10° dyne x 1002 cm?/ (10°)? g = 6.67 x
108 dyne-cn?-g2

@
Weknow n, u, =n.u,
whenn, >n, thenu, <u,

S0, we can say noc%

©)

Mut Cer COMPENDIUM



Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

W
t
Watt = Joule/sec.
Joule = Watt-sec.
Onewatt-hour = 1 wattx60x60 sec
1 Hour=60x60sec. = 3600 watt-sec
=3600Joule
=3.6x10°Joule

@

M, [TL, TS
o = 13600 o | | ko
2 M, || L,

1 -3
= 13600 1000 1 100
1 1

P:

n, =13.6gcm?®

@

- E= % mv?

% Errorin K.E.

= % error in mass + 2 X % error in velocity
=2+2x3=8%

@

V= ilTrr3

.. Yo errorisvolume = 3x % errorinradius
:3X1=3%)

(€)
% %rfr in veI08i§/ =%errorinL + %errorint

=——x100+—x100
13.8 4
=144+7.5=894%

(1********)

N 0.05
20 . : - . :
..Decimal equivalent upto 3 significant figures is

0.0500

@

Since percentageincreasein length=2 %

Hence, percentage increase in area of square sheet
=2x2% =4%

Q.25 (1)

Asweknow F=qvB =

ST

mV2

_m
Bq

And KE:k:%va

PHYSsICS

Q1

Q.2

Q3

Q.4

Q5

Units and Measurement

C.mv =+/2km

L 2km

gB B
—ra /K Orr=cY¥?(cisaconstant)
-1

okt oeak
dr dr Ar

Ar cAk Ak

or T - 2 \/k_C \/E - E
Therefore percentage changes in radius of path,
Ak

g><100:—><100:2%
r 2r

EXERCISE-IIl (JEE MAIN LEVEL)
@

Unit of impulse== Impulse= Force x time

m
=kg SeC:kggzmv

sec?
The unit is same as the unit of linear momentum.

@
Energy W=fxd=Nm
W = ¢V =¢electron-volt
W =p x t = Watt hour
So, kg x m/sec? is not the unit of energy.

)

They Can't eadded or Substracted in Same expression.

@
Plank Const. (h) —

ML T?

E=hf

=l

Unit—» JS

Dimension=M?L2T2x Tt=M1L2T?
Thisisalso adimension of Angular momentum.
=mvr

=MLT*L=ML?T*

@

P=P Exp(-at)

Here Exp (—ait?) isadimensionless
So, dimension of [at?] = M°LOT®




Units and Measurement

Q.6

Q7

Q.8

Q9

Q.10

Q.u

[o] =MeLeT2

%

Action = Energy x Time=M?L2T2x T?

=MIL2T2

Itis same asdimension of Impulse x distance

=MLTx L= M1L2T-
©)

By checking the dimension in all options

[Pressure] = ML-1T2

©)

b
vz a+——
t+c

Same physical quantity can be added or substracted.

Dimension of a
[v] =[at]
vl LT 12
E :m T LT

Heret+cisasoaTime(t)

o[}

[b] =[V][t] =L*T*=T*
[o] =Lt
©)

X(t) = Yo[1-e ]
o
Dimension of v and o

Here e*isdimensionless so,
[o] [f] =Mo°LeTe

MeL°T® _
[a] = Tl = T 1
[o] =MoLeT
Herel-e*isanumber

[x(] =2

[V =[L[T7]
[V ] =MeLiT

@
Y =asin (bt—cx)
Dimensionof b
Here bt isdimensionless
[bt] =MeLoT®
M°L°T® o1 o1
[b] i MeL°T

Itisadimension of wave frequency.

@

Q.12

Q.13

Q.14

Q.15

F .
o= Wgn(ﬁt)
Heresin (Bt) isdimensionless.
[Bt] =MeLe°Te

M°L°T® _
B: T :|:T 1:|

M lLlT—2 M 1L1T—2
= [T = L2T2
fo] = [MALT

O]
L o FAT
L =K FPAT®
(D
MoLlTo — K[MlLlT—Z] [LlT—Z]b[T]c
MeLiTe= K[Ma] [La+b] [T—Za—2b+c]
By comparesion and solving we find
[a=0][b=1][c=2]
Put these valuein Equa. (1)
[L =FeAlTY

@
Fo Avp
F =KA3vp°©
:K[LZ]a[LlT—l]b[MlL—x]c
F :K[MCL2a+b—3cT—b]
MILIT2= K[Mc |_2a+b—3c'|'—b]
c=1
2=-b=b=2
and
2a+b-3c=1
2a+2-3=1=a=1
So F=Atv2gt
- F=Avp

@

V= gp ha

V =KgrPhe

(LT = [LT L)
LiTt=LPaT2

By comparing both sides
p+g=1, -2p=-1
p=1/2,0=1/2

@
nlul = nlul

n [MILT® [ =1 M3L5T,? |

SoaE)
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_[20TT207[5]°
asilslE
~ 20x100
~ 5x5x5
n =16
Unit of power in new system = 16 Watt.

=16

Q16 @
g=10ms?
n1ul = n2U2

10[L, ' [T] 7 =n,[L
el ]2
2= [1000} [3600}

ST

n, = 129600
Q17 @
K.E.= lmv2
2

Dimension=M?L?T>2
Now M.L aredoubled

=(2M)* (2L)?(T3) =8 ML2T?
So, K.E. will become8times.

Q18 (1)
A =/b =10.0x1.00=10.00

AA Al Ab

AA AL Ab

A 14 b

AA 0.1 . 0.01
10.00 ~ 10.0 1.00

= AA=10.00

ot 0] oo
100 100 =10.00 100 =+0.2cmé.
Q.19 )
m

b4

_m_m
. Am A
leen:?=i 2% =+2x102 7211%211X102

4 _am oAl

p m 14

=2x10? +3x102=5x102 =5%

Q.20

Q.21

Q.22

Q.23

Q.24

Units and Measurement

@

4
(Dg=4n* 7

7 =29 =+2x 102
AT
= =3%=+3x10?

Ag Al 2AT
j? :7+? =2x102+2x3x102=8x

102=+8%

@

X 196-1072
X

Y _ 3062 3x10°2
y

AZ 0= 2x10°2
VA

At Ax  2AY  3Az
at_ax, =7, 2A
t X y z

=102+2x3x10%+3x2x 102

At
=13x1072 .. %errorint = T x 100=13%

@

m=1.76kg

M=25m

=25x1.76

=44.0kg

Note : Mass of one unit has three significant figures
anditisjust multiplied by a pure number (magnified).
So result should also have three significant figures.

@
R, =(24+£05)Q
R, =(8+0.3)Q
R,=R,+R,
=(32+£0.8)Q
@
=05mm
N =100divisions
zero correction =2 divisions
Reading = Measured value + zero correction

0.5
=(8x0.5)mm+(83-2) x — 100 °

= Amme+8lx
mm 100 mm

=4.405mm

PHYSsICS




Units and Measurement
Q25 (1)

D=2x1+5x

10-9
100

=2.05cm

EXERCISE-IV

INTEGER TYPE
Q.1[1]
Q2[3
Q3[4
Q4[1]
Q5[0
Q.6[10.76]
Q.7[26]
Q8[9]
Q.9[43.7]
Q.10[9]
Q1 (2
Q.12(3)
Q.13(3)
Q.14(3)
Q.15(2)
Q.16(1)

PREVIOUS YEAR'S

MHT_CET
Ql (4
Q2 (@
Q3 (M
Q4 (@
Q5 4
Q6 (@
Q7
Q8
QY (@
Q10 @
Qu @
Q12 (1
Q13 (1)
Q14 (4
Q15 (3
Q16 (2
Q17 (4

PreviousYear's NEET-JEE

Q1 @

(K)A(T,-Ty)
1

H=

Q2
Q3

Q5

Q.6

Q7

Q.8

Q.9

Q.10
Qu
Q.12

K =wm k™
©)
)
@
©)
Area= Length xBreadth
=553x25
=1382.5
=14x 107
Resultant should have 2 significant figures

@
[MLT-2A-?] = Magnetic permeability

Q)

Plane angleand solid angle aredimensionlessbut have
units.

Q)

Diameter of theball = MSR + CSR x (Least count) —
Zeroerror

=5mm+ 25 x0.001 cm—(—0.004) cm

=0.5cm+ 25 x0.001 cm—(—0.004) cm=0.529cm.

@
A2BY?2
X=—
cl3p3
/nx = 2/nA +%!€nB—%fnC—3€nD

Differenting
(d_xj _2dA 1dB 1dC 3dD
max

X

A 2B 3C D

errorx = 2X1+§+%x3+3x4:+16%

(2)
@)
©)

JEE MAIN

Q1

Q.2

@

S.I. unit of specific heat capacity = JkgK
S.I. unit of latent heat =Jkg™

so dimensionswill bedifferent

@
Pascal second

FooMLT?

At=— T =M

Mut Cer COMPENDIUM



Units and Measurement

Q.3 @ Q9 (@

1”|ocPaAbTC
MI=[PI*[AT°[T]¢

[M LT = [MLT 4J2[LZP[T]e

BV e N LA Kt

L
(Ej does not have dimension of time.

L
RC,E are time constant while /|_c is reciproca of

angular frequency or having dimension of time. a=l,a+2b=-1,-a+c=-1
b=-1& C=0
Q'4 (3) TlmP'I.A\fl-l—o
P+i =
v? |[V-DI=RT Q10 ()

a Electricdisplacement-D=¢E
Dimensionaly [P] = [W} [V]=[h]

Qu @
a PV? axX .
- a=pv2 by =PV Hereﬁ=1(|sanangle)
Qs _KT
Q6 (9 T
Q7 3
€ : induced emf in secondary coil a:ﬂ:F
i, : Currentin primary coil X
M : Mutual inductance E F
Now — =%
di, M= = v P
&= MG & VoL
at = —— -2
So, B E L
{W} 12 3
2712 .
[ '} [dll} [AT]  =[ML2T2A7] B
dt dt [AT] U,
08 &) u = Energy per unit volume
2 2T-2
{B} =M pmr
Ho (L]
d ~
Q13 @
r
i)
d n= sind log kT
0= T k — Boltzmann constant
T —temperature
2000 om _ d Dimof K = [ML2T2K]
60><60 180 15><1011 «
or Dim of i—_l_ =MOLOT®
2000 @ m
d=—"—"—"—x—x15x10"
60x60 180 PIL]

[ML2T 2K ][K] =[M°L°T]]
= 37:( 61 i x10" =1.45%10° B=[MLT =Force
(b) Dimof o' x =Dimaof Bx
=(MLT?)[L] =[ML2T[Energy]
(c) misdimensionless, sin 6 isalso dimensionlessfrom
expression dimension of n~'sin 6 = o

PHYSsICS 9



Units and Measurement

Q.14

Q.15

Q.16

So, Dimof n'sn®— o
(d) Dimof o= MOLT®

1
So, Dimof ao=dimof

B
@
3
T=K %
SE
13 3
Dimensionsof RHS= == =—= = M8L°T?2

[MT?]4

Dimensionsof L.H.S. # Dimensionsof R.H.S.

@
Torque=Fxr | Nm

_ Force
Area

Stress

Energy
Mass

Latent Heat = Kgt

Nms*

10
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Motion in a Straight Line

Motion in a Straight Line

Q7
EXERCISE-I (MHT CET LEVEL) Q8
Acceleration of body along AB is g cos O Distance
Q1 @ travelledintimet sec =
Total timeof motionis2 min 20 sec = 140 sec.
Astime period of circular motionis40 sec soin 140 1 2
sec. athletewill complete 3.5revolutioni.e., Hewill be AB = 2 (gCOSO) t
at diametrically oppositepointi.e., Displacement = 2R.
From o ABC,AB =2RcosQ
Q2 @ 1
2
Q.3 @ Thus,2Rcos9=79 cosot
Q4 ) 2
When the mass increases by a factor of 4 the
acceleration must decrease by a factor of four if the , 4R R
sameforceisapplied. The question asks about position =1 = E =2 E
so we need to ralate acceleration and time to position.
We want the change in position to stay the same. The
initial velocity is zero so in order for the change in Q.9 %)
1 Distance between two cars leaving from the station A
position to remain constant the term [Ej at? must 1S,
1
remain the same. If the acceleration is reduced by a d= 5 60=10km
factor of 4 you can seethat the time must be increased . )
by afactor of 2in order for thetermto remain the same. Man meetsthefirst car after time,
. 60 1 h
Qs @ 17 60+60 2
(i) V=u+at, ) )
40=0+a x 20 Hewill meet thenext car after time,
a=2m/s 10 1
Ve = 228 " " 6060 12
40-0=2x2s, In the remaining half an hour, the number
§,=400m
N _ _ 1/2
(!Qsz—vxtz—40x20—800m of carshewill meet agianis, N=—7—-=
(ii)v=u+at 1/12
0=40+ax40 .. Total number of carswould be meet on routewill be
a=-1m/¢ 7.
0%-407=2(-1)s,
$;7800m Q10 (1)
Total distancetravelled=s +s,+s, Qll (9
=400+800+800=2000m Xoct? - x=Kt3
Total timetaken = 20+20+40=80s
dx 2 dv
2000 :>v=a:3Kt and azazﬁKt
Average velocity = ——— = 25m/s
80 i.eooct.
Q6 Q12 (2
Displacement of the particle will be zero because it 5
comes back to its starting point x=4(t-2)+a(t-2)
Total distance  30m At t=0,x=-8+4a=4a-8
= = =3m/s. '
Average Speed Total time 10sec '
PHyYsics 11



Motion in a Straight Line

Q.15
Q.16
Q.17
Q.18
Q.19
Q.20

Q.21

Q.22
Q.23
Q.24

v=d—X=4+2a(t—2)
dt

At t=0,v=4-4a=4(1-a).

3

@

Timetaken by sameball to return to the hands of juggler

_ & ~2x20
g 10

each 1s. Let at someinstant heisthrowing ball number

4. Before 1sof it hethrowsball. So height of ball 3:

h, = 20><1—%1O(1)2 =15m

=4S. 50 heisthrowing the balls after

Before 2s, hethrowsball 2. So height of ball 2:

h, = 20 2—%10(2)2 =20m

Before 3s, hethrowsball 1. So height of ball 1:

h = 20><3—%10(3)2 =15m

(1)
2
4
©)
©)
©)

Giventhat x = At - Bt®

. velocity = ?j—): = 2At—Bt?

and acceleration= E[d—xj =2A - 6Bt
dt\ dt

For acceleration to be zero 2A —6Bt=0.

t= 2A A

6B 3B

©)
An object is said to be moving with a uniform
accleration, if itsvelocity changes by equal amount in
equal intervals of time. The velocity-time graph of
uniformly accelerated motionisastraight lineinclined
to time axis. Acceleration of an object in a uniformly

accelerated motion in one dimension is equal to the
slope of thevelocity-timegraph with timeexis.

@
4
©)

Q.1

Q.2

Q.3

Q4

Q5
Q.6

EXERCISE-Il (NEET LEVEL)
@
T = 20i +10]

-1 =+/207 +10% = 22.5m

©)

Distance average speed = 2iVp
Vi +V,
- 2300 _ 75 _ 57 sk,
30+50 2

@

Totd distancetravelled

Average speed =

age Total timetaken
_ X 5wy,
- 2x/5+3x/5 3v, +2v,

Vi \Z)

@

AsS= u’w%at2 ~S = %a(lo)2 =50a

Asv=u+a
velocity acquired by particlein 10 sec v =ax 10

Fornext10sec, S,= (10a)x10+%(a)x(10)2

S,=150a
From (i) and (ii) S, = S,/3

2
@

dv
v=ai® -2t (given) - a=—-=12t"~2

and X :jotv dt:I;(4t3—2t)dt — 42

12
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When particleisat 2mfromtheorigin t4 —t2 = 2
=t -17-2=0(t"-2)(t +1) = 0= t = V2 sec
Acceleration at t — /2 sec given by,
a=12t?-2=12x2-2=22m/<.

Motion in a Straight Line

S = %x 2x(10)* =100m

then it moves with constant velocity (20 m/s) for
30 sec

S, = 20x30 = 600m

After that due to retardation (4m / SZ) it stops

Q7 (M
ot V(0 _
A ox 4By = Sy = =5, 4 ~50M. ;D =100+600+50=750m
dx 20X+
Q12 (4
dv dv dx . . .
Ty Let t be the time of flight of the first body after
X meeting, then (t — 4) secwill bethetime of flight of
the second body. Since h, = h,
dv -v.20 2 3
o= Vd_x = W =-20.v.v° =-2av
ox +
-.98t— S gt? = 98(t—4)- L g(t-4)
2 2
On solving, we get t = 12 seconds
. Retardation = 2av3.
Q13 (B
Q8 @ Let thebody isprojected vertically upward fromA with
Fromn?=u?+2aS aspeed y,.
1
= 0=Ww+2aS Using equation, S= Ut+56¢2
2 2
—u> —(20) 1
=878 T 2x10 =-20m/ <" For case (1) — = Ugt —Egtf e
Q9 @ 1,
= 2) —h=ugt, —=gt; ..(2
If particle starts from rest and moves with constant or case (2) 0°2 2g i
acceleration then in successive equa interval of time Subtraacting eq (2) from (1), we get
theratio of distance covered by it will be
0=ug(t> +t1)+ig(t% _tlz)
1:3:5:7....(2n-1) 2
x 1 1
i.e.ratioof xandy will bel: 3i.e. v =37Y= 3x = Ug =Eg(t1—t2) ..(3
Q10 & Putting the value of u; in eq (2), we get
2 i i i 1 1) »
Su u? If ubecomes 3 timesthen Swill become 9 times —_h= _[E) g(tl —tz)tz _(E]gtz
I.€. 9x 20 =180m -
1
Velocity acquired by body in 10sec For case 3, U, = 0, t=?
v=0+2x10=20m/s —h=0xt—(1jgt2
and distance travelled by it in 10 sec 2
Puysics 13



Motion in a Straight Line

Q.14

Q.15

Q.16

Q.17

Q.18

1) o
h=|=|gt
(ng

Comparing. eg. (4) and (5), we get

1 1

Sgt? =gty o t=Jtgt,
2 2

(©)

h:%gtzzt:,/Zh/g

o [E o [Bb e
g g ty b

D

h :%gtz :%xle(4)2 =80m.

Q.19

Q.20

Q.21

©)
Force down theplane=mg sin 0

-. Acceleration down theplane=gsin 0

Since | =O+%gsin9t2

o 2 2 _ . _ 1 [2n

= = => 1= .
gsin® gsin’6 sn@\ g

©)

h= ut+%gt2 381:—12t+%><10><t2 = t=54 sec.
Q.22

@
Givena=19.6 m/s>=2g
Resultant velocity of the rocket after 5 sec

v=2gx5=10gm/s

1
Height achieved after 5 sec, h, = EX 2gx 25=245m

On switching off the engine it goes up to height h,
whereitsvelocity becomes zero.

0=(10g)*-2gh,=h,=490m

. Total height of rocket = 245+ 490=735m.

()
2h ty h,
t= = =21= 2,
g t, h,
(©))

Speed of the object at reaching the ground
v=,2gh .

@
Acceleration of the particlea=2t— 1

The particle retards when acceleration is oppositeto
velocity.

=av=0=(2-1)t*-t<0
=t(2t-1)(t-1)<0

Now t isalways positive

= (2-1)(t-1)<0

1
Or2t—-1<0 andt—1>02>t<5 andt>1].

Thisis not possible
Or2t-1>0&t-1<0=>1/2<t<1

2

The area under acceleration time graph gives
change in velocity. As acceleration is zero at the
end of 11 sec

10 m/s B

11sec.

14
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Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

PHYSsICS

i.e.v  Areaof A\0AB

:%xllxloz 55m/s
2

(4)

©)

@

©)

©)

Motion in a Straight Line

EXERCISE-IlI (JEE MAIN LEVEL)

Q1L @
Region OA showsthat graph bending toward time A B
axisi.e. acceleration is negative.
Displacement = 2r
Maximum accel eration means maximum change distance= nr
invelacity in minimumtimeinterval.
v 2 ©
Intimeinterval t=30tot =40 sec
10 m
:ﬂ:—8o_20:@:6cm/sec2. B 10'\’0}
At 40-30 10 (10
Area of trapezium =%x3.6X(12+8)=36-0m.. C
0) N
0.0 Q
CAT T0m >
For thegiven conditioninitial height h =d and velocity Elv start from A and hesal B
of the ball iszero. When the ball moves downward its y startiromA and reaches al .
velocity increases and it will be maximum when the
ball hitstheground & just after the collision it becomes B
half and in opposite direction. As the ball moves
upward itsvelocity again decreases and becomes zero
at height d/2. Thisexplanation match with graph (1).
10m
For upward motion
A C
Effective acceleration= —(g + @) 1042
and for downward motion ~
AB =,/(10v2) +10? _10/3
Effectiveacceleration=(g—a) ( ) 0/3m
But both are constants. So the slope of speed-time 3 )
graph will be constant. q q
FromAtoBt= 0 hr = FromB toAt,= 30 hr
3 d S A
A b B
s d >,
A t, B
15



Motion in a Straight Line

Total Distance

. Average Speed =" Time
o 2d
t o+, £+£ = v =24 kmv/hr
20 30
Q4
_ Total Distance Q9
Average velocity = T Tota time
2000 80V
1000+1000 40+V -
40 \%

Q5

t=62.8 sec

in each lap car travel adistance = 2xR
=2x3.14x100=628 m

In each lap displacement of thecar =0
Average speed

Tota Distance 628

- = =10 m/s
Tota Time 62.8

Total Displacement 0 Q.10

Total Time

Average Velocity =
Q6 (@

1
2s=gt* = S=Egt2

Q7

dx
Vo= Iy (dop of x-t graph)

in:

At Ctang =+veAt E 6 > 90°(—veslop)

AtD g =0°AtF 6<90°(+veslope) .
negative

AtEvmis

Q8 @ QU

let the acceleration of the body isaand y =0

1., 1 2
=—a“==-a(10
then X, =2 2a( )

1 1 1
X, :Ea(zo)2 —X, =X, =Ea(2o)2 —Ea(lo)2
=%a(10)(30) = X, =%a(30)2 —%a(zo)2

1
:Ea(lo)(SO) = X 1X, X, =1:3:5

@

u=10m/sec a=- 2m/sec?

Total timetakenwhenfinal iszero.
a=10m/sec?

10m/sec

v=0

0=10-2t

t=5sec

S—ut+iat2
- 2

St:5=10><5—%><2><25=25

t=4 sec.

1
Sim 10X 4— 2 x2x16=24

S..-S.=25-24=1m

@

52 :%xax4
S, :%anQ
S, :%xale
S, :%xaxZS

1
distance travelled by body in 3% see = 56[7]

1
distance travelled by body in 4 see = 56[9]

ratio=7:9

@
Let constant acceleration = a
1

S=< a
2

16
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Motion in a Straight Line

. Q15 @
v=$=3t2—12t+3
s :%ax 202 _%axm2 ~150a

dv
S,=3S, a:E:Gt—lz

Q12 (@ a=0 = t=2%c
Ininclinedinitiad u=0
Ve =3(2)7-12(2)+3 =+12-24+3

1
Szzatzanda:gsine =-9m/s
I—1 snoxx(4)°
=3¢ Q.16 (3)
-0 L P
/1 dt 6-3v
H 2
Zzggsmet Integrating both sides i=fdt
egraing )63y
(i) log, (6—3v)
From (i) and (ii) == 3 =t+K,
t=2sec
= log(t—3v) =-3t+K,
Q13 (3 (1)
h_ Ly At t=0,v=0 .. log,6=K,
2 2
(1)

Substituting the value of K, in equation (i)

log (t—3v) =—3t +log 6
-(2)

6-3v 6-3

From equation (1) and (2) = Ioge(Tj:—St — e = 5 v

2 2
=) — t—3v=6e* = 3v=6(L—eY
V2t =t +t

o —v=2(1-e%
~2-Dt, =t,
o Vyming = 2M/s (When t = o)
t, 241 dv d ;

= X R _ 2 _ _e3t) |2 pat

LS h 1 o Acceleration  a=- dt[Z(l e)|=6e

t, = (\/§+1) t Initial acceleration = 6 m/s2

Q14 (8 Q17 (3
AtH .v=0 From graph it is clear that velocity is aways positive

during itsmotion
so displacement = distance
|a| =9 displacement = Areaunder V-t curve

Acceleration constant & it is due to gravity

PHYSsICS 17



Motion in a Straight Line

Q.18

Q.19

Q.20

Q.1

1 1
ZE ><20><1+20><1+E x1x30+1x10
= 55m

4)

/

S B

@
Distance = Total Area
=105m
. Q.2
Displacement =90- 15=75m

(-vey asxisarea) - (-vey axisarea)

©)

Equation of given sin curveis

X =-Asint

V=d—X=—Acost
dt

YA NER
PN

EXERCISE-IV

Q4
[0055]
AV =areaunder graph

e
6 12
tano= — =
4
a 3 18
— = =a=
6
a 0 6
= =tan a=
2 =

1 8x6 1 6x2
Area= - x18x6— < x6x
2 2

V—7=54-6=48
V,=55ns

[0015]
d?=x2+y2=(3t)2+ (25-4t)2

=625-200t+ 25t2
d?=625—200 % 4+ 25 x 16 = 1025—800=225
d=15m

(0400]

0 =ct?
2000=cx 10?
c=20m/s?

d¢
V= E =2ct=2x20x 10=400m/s]

[0008]

Yoo B
v= 3(3t +2t) or dt "3 (3t%+2t)

3
1 2
Lo = stzé _ £(3t +2t)dt|

18
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Q5
Q6

Q.7

QS8

Q.9

PHYSsICS

1

t3+t2)E

w
—

Motion in a Straight Line

_10-(-10) 20

bc = (5) (5) = 25 m2/s?

1 1
—[(B-2%)+(3-29] == [19+5
=3 [( )+ ( )= [ | = Q.10 [0075]
[0006] == g sin45t2
[100] 1 )
Q |;| > (gsin45—pugcos45) (2t)
¢ 7 pidt »
H00m Sal- =l =
100pu=75
total distance moved by car
72x1000 en @
:(['f‘lloo): WXGO
Q12 (2
/+1100=1200 _
/=100m 3 =rate of change of v/
i.e. (magnitude + direction)
[0004]
al
vdv v
— =4-2x cons.
dx .
Y X V2 a >t
[vav = [(4-2)0dx = = =ax—xe
0 0 2 - AV
a=0=>—=0
whenv =0, 4x—-x2=0 At
x=0,4 _
. Atx =4, theparticlewill again cometorest. a=0= M =cons.
a = change direction
[0010] - M = cos.
1 2v
s=vt= - at? Lt=—— = a=0
2 a
v,=at=2v=10n/s Q13 (2
[0025] Q14 (3
distan ce travelled Q15 (3
AVerageSpeaj: tlme taken a=2t+1 u=0
t=0 a=1
total area 10+ 20 30 t=3sec a=7
e o =———=—=5ms v
" totdl time ~ 6 6 a:?j—\t/=2t+1:>J'dvj(2t+l)dt
_ change in velocity v-t2+tt—2Dv—O6 i
Average acceleration = time taken '
19




Motion in a Straight Line

Q.16

PREVIOUS YEAR'S

MHT CET
Q.1

Q.3
Q4
Q5

@
@
)
©)
@
For no collision, the speed of car A should be reduced
to v before the cars meet, i.e. final relative velocity of
car A with respectto car Biszero, i.e.
Vrelaiive .: O . i
Here, initial relative velocity, u =v,—v,
Relativeacceleration,a =-a-0=-a
Let relative displacement bes.
Thus, from third equation of motion, we get

Vriiative = ur2 + 2arsr = (VA —Vg )2 - 2asr

2
(Va—Ve)
2a

For no collision, s<s

(Va —VB)2
2a

=S =

ie,s <

Q)
Given, acceleration, a= (6t + 5) m/s?

Q6

a=ﬂ=6t+5
dt

— dv = (6t +5)dt
= _[dv=j(6t+5)dt

= v=3t2+5t+c

where, cis constant of integration.
Whent=0,v=0,s0c=0
Therefore, v=3t2 + 5t

ds
= ds= (3t2+5t)dt [ V= a}

From O to 2s, we have

j:ds= j:(at2 +5t)dt

s=(t3+§t2j
2

2

=8+10=18m

0

Q7 (M

The distance travelled in nth second is given by

1
s=u=Sa(2n-1) :s:%(Zn—l) [here,u=0,a=g]
According to the question,

11, 98
£h=7(2n—1) (i)

From second equation of motion

1
n=2gn" [-u=0]

FromEgs. (i) and (ii), wehave
11 938 9.8
— X — =-——X
36 2

2

X1 (2n-1) [here, g=9.8M/s7]

1
=2n-1= %

= 11n?-72n+36=0

= 11n(n-6)-6(n-6) =0
(rejecting fractional values)

= 11r?-66n-6n+36=0
=n=6

1
Therefore, h= > x10x6x6=180m

Q8 (¥

For aparticle, performing uniform circular motion. In
half revolutioni.e., fromA to B,

B

Displacement =AB = Length of diameter =2R

A

Circumference

Distance =
2

=R

Q9
Theinitial relative velocity of body A wrt body B,

V,g=u-0=u
Therelative acceleration of A wrt B,

a,=0-a=-a
According to question, velocity of A and B becomes
equal, then

VAB

=0

=V}, —Ui, =28,,S=S=
NEET/AIPMT
Q1
Net force on the particleis zero
-.a=0

V =remains constant

20 Mut Cer COMPENDIUM



Motion in a Straight Line

Q.2 ® t=3sec
Q3 @ M =1l
a for same height
S, =u+_(2n-1)
2 t=tt, =/6x15 =3sec.
- 0+2(2n-1)
2 Q.2 @
S,, < (2n-1) X, =ot+ Btz ...(1)
= S, S, S, S X, =ft—t* ..(2)
=[2(1)-1]:[2(2)-1] :[2(3)-1] : [2(4)-1] V,=a+2pt ..(3)
=1:3:5:7 Vo=f-2t.(4) .
Vo=V, (according to question)
o+2pt=f-2t
Q4 ) (f —a)
Velocity isslope of x-t graph 2(1+p)=f-o = t= 205 p)
v=%_tamo Q3 (@
dt Q4 I
ﬁ_tanel_tan:goo_i Lett_heymeetatt:t
V, tan®, tand>® 43 So first ball getsto sec. _ _
& 2™ gets (t —2) sec. & they will meet at same height
JEE MAIN
1
QL @ h, = 50t -Egtz
U
1 1
(L I(Z) (3)I U=0just released h, =50(t -2) 'Eg(t -2)°
U h1 = h2
: 1 1
50t —=gt® =50(t - 2) - =g(t - 2)*
2 2
1 100:ig[t2-(t-2)2]
= Infirst case—H = U(6) — Eg (6)? (D) 2
1 100="2974t-4)
Insecond case—H =—U (1.5) — > 152 .2 2
5=t-1
. 1 t=6sec.
Inthird case—H =— Egt2 (3
L Q5 (1)
1.5% (—H) =U(6) x 15— = (6)x (L.5) Given datax
2 v n V, = & = n
1 2 27y, m?
—_ = — —_—— 2
6% (~H)=-U(15)x6~ (1L5)x6 (4 U
equation (2) multiply by (6) mn a mn
1 We know that
equation(3)+(4):>—7.5H:EgXl.SX6(6+1.5) v
H=45m a
Hence
1
equation(3)to—H=—§gt2 TV, &
Tl Vl a2
45= E x 10t2
T2
PHyYsics 21



Motion in a Straight Line

v, a ForB
By putting the values of |, “and ™~ in above equation t,=t, —2seC v,=0
' ’ t,=2sec. $=80m
2 2
LESSL RN ISILUREG LU | 1,
T m m m s=ut, + > atg
We know that
Length=Velocity x Time : 1
L=VxT 80=2u+ 29(2)
JLa_ Vo Ty
I‘1 1 1
L, n _n*_n Qe O o
L m m T Acceleration is constant
' u=0 v=u+at
n3
al,=—5L, A B C
m < » < " »
..Correct option-A t=0 10m t=t t=2t
Letininitial t secondsit goesfromA to B and in another
Q6 (19 t secondsit goes from B to C.
ForAtoB
<\7> _ Displacement Using S= Ut+%ét2
time
(Let displacement bel) :102%812@ -0)
_ l
A —az2
v, v, v )3 t
3 "2 i For Bto Cagain
= 3 = 3 Using S= Ot + S a2
1 + 1 + 1 1 + 1. 1 2
V V V ﬂ Z 373 FromA to B particle has attained
1 2 3
Velocity V =g+ 3
=18ms y at(y VO)U+at
7 @ =au=
Q @ For B to Cusing
_ t=0 After2sec ~=a+}_2
80 m v=0 " Uu 3
=X = (a)t+= a? =—a’
180 m T 2
100 m 3.20_,,
= X = —X—Xt
l 2
=x=30m
For A ball.
Q9 3
s=ut+£ati a=g=10m/s Using V2= u?+ 2aAx
2 0=(150)2- 2a( 27)
(1s0¢=2a27)y ... @)

1
80= 5(10) tZ 150
If thespeed = ——=50km/h
t, =4sec 3
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Motion in a Straight Line

(50)2=2a(Ax) = e ) K
27 So, heightfromground:H+y=g
9= —= Ax=3m
AX K
Q.10  [100] 58.8+196= ¢
d_g K =392
dx
dv Q13 (@
a=v—
dX "‘
a=(20)(5) =100 m/sec =
oRE G i
Monkey t=t] ;t=¢t
bt e
t—0—> 5
2><196 B ”l
Timetaken by mango = =2second R
Distance = vt )
5 Max. height=h= -~
=9x —x2=5m a-had 29
18
Q12 [397 = u=,/2gh
1.
u=19.6 m/s S:Ut+§at
h 1
—=./2ght + = (-g)t?
3 V% 2( 9)
A é gt2 h
— - 2ght + 3" 0 (Rootsaret, & t,)
|I |I k/5
[ 1 g h
|| || \[Zgh+ 2gh—4><—><—
[T L_ \ 2 3
[ 1 t
L. YJ2g —,/29h—4><9><E
[ ]
777 /////ll 777 By 4gh
«2gh + /—
timetakento reachfromAtoB = 6 sec _ Y 3 =«/§+\/§
g=9.8m/s? 4gh  f3-2
height of tower H V2gh - 3
s—ut+lat2
- 2 Q14 (&
1 . h
—H219.6><6—E><9.8><62 Forflrstz
=117.6-176.4 h 1
H=58.8m _:_gl
HeightformAtoC=y 2 2 i
V2= 2 + 2as For total height h

0=(19.6)2-2%x9.8xy=y=19.6m

PHYSsICS 23



Motion in a Straight Line

1
h=§g(tl+t2)2
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Motion in a Plane

Motion in a Plane

EXERCISE-I (MHT CET LEVEL) Q1 ()
o1 @ Voy =8 Ve, =V,i+V,]
R?-A?-B?> R?-R? Y VIR RVE
cos0 = = =0 Ve =Vir, Vi, =(V,—8)i+V,]j
2AB 2AB ve e e ( . e,
n Given, rainfaling vertically
= €0s0 =90°= —
2 . V,-8=0=[V, =§
Q.2 ® = . 12-Vx
R? =[A?+B? + 2AB cos6] When Vg, =12i Sl
R?=R2+R?+2R?cos6
-R?=2Rcos6 or cos® =-1/2 _12-v, 4
0=21/3, n30°=""y, Ty,
Q3 2 _
(3 o =V, =4/3|= [V = 82+(4\@)2
‘P+Q‘=‘2i—3j+4k+j—2k‘=‘2i—2j+2k‘
=4J7km/h
=N22 422122 =23
Q12 (1
Q4 (@
Q5 (@
Q6 (4
Q7 (1
Q8 (@
C?=A%+B?+2AB cosb
C’—(A*+B?)
cosf= ———~
2AB
If 6=90°
0= C*-A*+B? Fromfigure,V sin0=V,,
2AB Vo1
C2=A2+ B2 sing=—"=>==0=30°["V, =2V, ]
If 0>90° = c0s0 <0 Ve 2
—C2-A2+B2<0= C<A2+B2 Timetaken to crosstheriver.
If6<90°= cosO >0
— C2>A2+ B2 t— D _ D _ 2D
V5080  V,cos30° V /3"
Qe (O Q13 @
o (lezt draw the figure for given situati Q14 (3
usdraw the figure for given situation, 015 (1)
Q16 (O
—— 6 >ie L — o usin20
2 Range of projectile=
> Jé MJ,B sin20 must remain samefor 6, and 0.,
< P o smze =sin(180-20))
=sn (90-
4t =6+1x12xt? e
= A=oHoxLex ~[6,-90-0,
— 4t =6+0.6t2 éér];]cg complimentary angles, therange of projectileis
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Motion in a Plane

Q17 (1) 40

. u,=—=20m/s
T _ 2using ?
= , lesser isthe value of 0, lesser i i L 1
g Isthevaueo 'S Vertical velocity (initial), 50=Uyt+§gt2
sind and hence lesser will be the time taken. 1
HenceA will fall earlier. =u ><2+—(—10)><4
y 2
18 1 or, 50=2uy—20
: . 2usin® u 70 35m/s
usin or, =5 =
t, = 29 g Y2
g u 35 7
) SLtan=—"—=—=—
. 2usin(90-6) 2ucosO u 20 4
, = =
9 9 :>Ang|e9:tan_1:Z
it _ 4u*cosfsin® 2| u*sin20 4
o g’ gl ¢ Q®B @
> For projectileA
:_Rl 2 gn2 ©
Maximumheight, H :M
where Ristherange. 29
Hence t;t,cR For projectileB
2 c;in2
uzsin“o
Q19 Maximum height, HB=B—
for 0 =15° 29
Asweknow, H, =H_
R_uzsin2(15°)_uzsin30° 2 oo -
= g T g U, Sin“45° _ussin“o
u? 29 29
15=—
29 sin’e U3
For 0 = 45° sin?45°  u

u’sin2(45°) _u®

g g sn’Q =

=15%x2=3km [ B

Q20 (@
Herevelocity isacting upwardswhen projectileisgoing
upwards and acceleration is

1
4
oo —_ . 1 . 4(1
o, o smezz = 0=sn (§j=30"
downwards. The angle @ between y and F ismore

than ° and lessthan 180" avoid

n | Q24 @

skidding. Sincerange on horizontal planeis
02 @ R u’sin26

Initially |y = cos@i+using j °

. . A 0, itismaximumwhen, sin20 =1
At highest point V= Uucosdi

- differenceisusing 9:%
Q25 (2
Q2 @3 _ @
From question, to oC X
Horizontal velocity (initial), ~ UcosO  ucos
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Motion in a Plane

A
EXERCISE-Il (NEET LEVEL)
o)
SEA
@ u 5 QL @
[P-QI<R<LIP+Q]
If P=10N & Q=6N
y 4<R<16
o
O u cosO C Q2 @
AC = xtan® Initial & final position are coincide.
BC =distancetravelled by bulletint, vertically. Q.3 )
1, Rya=(P+Q)
y=U5'n9t—§9t When angle between P& Qis0°
Q4 B
B . 1 ., R?=P?+ Q?+ 2PQ cos0
AB = xtan6 (usm@t Egt j R=13
P=5
. 1 =
= xtan®—| usinOx - gt? Q=12
ucosh 2 cos6=0
1., 1., o= 2
:>xtan9—xtane+§gt =§gt =3
(.. bullet will always hit the monkey) Q5 (@
Q26 (1) P+Q=P-Q
Q27 (3 20=0
Q28 (1) B
Q29 (2 Q=0
Q30 .
Q31 (¥ Q0
Q32 @
Q33 (3 Q6 @
Body moves with constant speed it means that .
tangential acceleration 3=0 & only centripetal ~ ALB& |A| = |B|
acceleration g, exists whose direction is aways ) ;
towards the centre or inward (along the radius " Pardlelogr.am formedby th@eMo vecjtor&sasquare.
of thecircle). Thesum & differencevector givetwo diagonals of the
Q3 () above parallelogram.
It can be observed that component of acceleration
perpendicular to velocity is g = 4m / 2 Q7 ®
. _VZ_(2)2 _1 AB=0B-0A
Lradus Ty Ty T metre =21 -3+ 4k—i-]+k
Q35 IR
036 (2 =i—-4j+5k
Sincesurface (ice) isfrictionless, sothecentripetal force Q.8 @
required for skating will be provided by = —
inclination of boy with the vertical and that angle is 2i-3j| |F=FKiI+F]
2
Vv
givenas tane—a ,wherevisspeedof skating& ris Q.9 @
radius of circleinwhich he moves. AB=0 - ALB
Q37 (O v ==
Q38 (1) AC=0 AlLC
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Motion in a Plane

If may be possible —

. . Ve = _40]
. A isparallel to any vector L to the plane containing
é& é i VT =4+40i
Q.10 @ vb/T = Vb - VT
Relativevelocity of birdw.r.t train=25+5=30m/s =—40i — 40j
time taken by the bird to cross the train ‘Vm‘ = 402km/ hr.
(- 210 _ 7 st Q1
T30 Let the men starts crossing the road a an angle 0 as
1 2 shown in fjigure. For safe crossing the condition is
Q. “ B o . that man must cross the road by teht the man must
Att=3 sec, 1% stone will have speed of 30 m/s crosstheroad by thetimethetruck describesthedistance

1 4+ACor4+2cot 0.
h, :Ex10><9= 45m

h, :%><10><12 =5m

Truck —

hl - h2 = 40m Em ‘.'u
Q12 (2 —
(%) =(%) (V) 4+ 20016 "5 506 8
Vie) =(Vb) — L Axecotd _2lsin orv= [
“/x X “/x - 8 v 2siond + coso (1)
20c0s60° = (V,,) —30 v
X For minimum V,—=0

de

—8(2c0s0 —sin0) =0or 2cosf—sin0=0

20sin60° = (V, 0 O (2sin6 + cos6)?
- ortan6=2
(Vb)y :10\/§ X Fromeqution (i),
vmin=;=£=3.57m/s
7 2 i +i \/g
tane:(b)yzloﬁzﬁ J2) 5
(l) 40 4 Q15
vct = vc_vt
Q.13 (3
Vg =V +(=Vy)
A Ve
VC(
W E 45°
[ S v

t
Velocity of car w.r.t. train (v,) istowards West —North
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Q.16 (1)

Ay

v

v
v

:V-

b
R=—U
rib=Vr=Vyp

A

- u]—Vi

Q17

Q.18

PHysI

(Ve),
tan 30° = (V )y

:>(VR)y =\/§(VR) (1)

For moving man, (V) = 0 { As rainfall appears
vertically}

= V), =(V,), = 10km/hr

- fromeq" (1

(Vi), =10V3km/ hr

R

X

Now, VR/M = (VR/M )x i +(VR/m )y J

Q.19

Q.20

Q.21

Motion in a Plane

Y

AC = Resultant velocity of boat = 10 km/hr

BC =Velocity of river = \/AC2 — AB?
=4/(10)? - (8)% =6km/hr

(2)

Therelative velocity of boat w.r.t. water
= Vot ~ Ve = (31 +4]) — (-3~ 4]) = (61 +8))

@

Due north will take himcrossin shortest time.

S

1
For | body — h = 98t — Egt2
1
For 1l body — h = 98(t-4) — Eg(t—4)2

1 1
98t — - gt = 98(t—4) — 5 g(t-4y’

Solving, we get

=0+ [(Va),~(Va), |i 022 @
_ _dx _dy o
[Vam| =(V), =103 [-+(V,,), =0] v, = =6andy, =L =8-101
=8-10x0=8
&) v:\/vf +v2 =67 + 8 =10 ms™
Given AB = Velocity of boat =8 km/hr Q23 ()
u’sin20
Range= 9 ; when 6 =90° R=0i.ethebody will
CS 29



Motion in a Plane

Q.24

Q.25

Q.26

Q.27

Q.28

fall at the point of projection after completing one
dimensional motion under gravity.

Q.29
3
® Q.30
v, :ﬂ=8—10t,vX =%=6 Q.31
dt dt
at thetime of projectioni.e. v, :%:Sand v, =6
Q.32
vy V2+vi =462 +8 =10m/s
@
. . 1,
For vertical upward motion h=ut _Egt
Q.33
5:(258in9)><2—%><10><(2)2
:>25:505in9:>Sin9:1:>9:30°.
2 Q.34
@
o u’sin20
Rangeisgivenby R= g
Onmoon 9, =%.HenceRm:6R.
1)
2 ain2 2 ain2 90-0 2 2
, = ursin eandezusm( ) _u’cos’6
29 29 29
. 2 o 2
HH _uzsmzexuzcosze_(u sin20) R
v 29 29 169° 16
~R=4JHH,
Q.35
©)
vy=ﬂ=8—10t,vX =%=6
dt dt
at thetimeof projectioni.e. v, :Q:Sand v, =6
dt Q.36

v:\/vi +vs =/6?+8 =10m/s

@)

@
©)

Dueto constant velocity along horizontal and vertical
downward force of gravity stone will hit the ground
following parabolic path.

@
2h 2x396.9

t= [/—= =9secandu=720km/ hr =200
g 9.8

m/'s

.o R=uxt=200x9=1800m

©)
T 2usin4s5°
g cos 45°

@

101

<« 1om—>!

VO/O' Z\_/O _\_/O’
= 10005601 + 10N 60] —[—1000560? +10sjn60]]
= 20cos60i = 10i

S0
T e

©)

_ 2n Rad

2r  Rad
(Dmin - .
60 min

W, =
" 12 60 min

O, 2160
"o, 21/12x60

r

@
mzzzﬁzlrad/s
r 100

30
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Q.37

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

PHYSsICS 31

€)
o =80rad/sec,t=5sec, m,=0
0="2

If o constant, then

0+ 0, 80+0
0= t= > 5=200rad Ans.

2

©)
V2
Centripetal acceleration =T = constant. Direction

keeps changing.
@ Q.46

mv?

Centripetal force =

andisdirected dwaystowards

the centre of circle. Sense of rotation does not affect
magnitude and direction of this centripetal force.

@
. m? m(pY _p’
Radial force =—|—| =— [Asp=mv]
rim mr
@ Q.47
0% r=3=0=9.820x10% o="7rad/s
@
2
e k_mv JK Q48
r r r m
so independent of r
@
Forceis perpendicular to V
v
R= a = R= = Ans.
@
Q.49
Q.50

Motion in a Plane

a=a
2 m
a=Y¥ ;
4
a=1/\r/—2+a2

@

R =mg cos6 —

R
/?) /ﬁ

mg cos()I

mg 1 Convex bridge

9l
\\

X

r
1
[}

when 0 decreases cos 0 increasesi.e., R increases.

@
2 2
T= er 05292V 14 s
3)
F=KR™" =MR®? = o> =KR ™
[—(n+1)]
orn=K'R' 2

1
[whereK '= Kz,aconstant}

[—(n+1) (n+1)]

2n ") .'.TocR[ 2

—aR
T

@

2
p=mv,& F=mv¥r=F=m (%] Ir=F=p?/mr




Motion in a Plane

Qs (M

EXERCISE-IIl (JEE MAIN LEVEL) A-B=3i-k
A-B 3i-k
Q1 A-B=——="r
R?= P+ @ + 2PQ CoS60° |A-BI V10
TXP=P+Q*+PQ= PP-6Q*+PQ=0
, Q6 (9
(E] +(Qj_6=0 B-xa
Q Q on multiplying with the scalar magnitudewill change
P \s P oo P _ , if xis—vedirection of B change
=~ (0 Q ) T o~ if x is+vedirection of B sameas 3
Q2 (@ B & a arecolinear vector
A=i-2j+3k 07 @
B=4i+2]+3k=> AB =3 +4 A=2+3j
A [ R i+ 4] A B=j—= AB=|A|B
AB:3|;4J:V:1O(3I+4J]:6i+8j B=j= | || |cose
3
Q3 (O €00 = 75 = tenb=2/3 = 0 = tan"(2/3)
pP2= F12 + F22 +2F,F, cosd Q8 )
F, A=ai+a,
B=4i-3
IAEl=a?+a2=1
()
0 -
>F AB=0
4a,-3a,=0
Q*=F +F, —2FF, cosH 4a,=3a,
PP+ QP = 2(|:12 + F22) (i)

(i) (i) - af+1—§af =1

- F
, 90°
90rQ
1 2

F.  F=180-Q

-2 23 =0.6 =08
%-15 45706 a=0
Q4 Q9
|a-b = va® + b2 - 2abcoso By the defination of equal vector.
Q10 @
9
b _
i (AxB) LA
o /E\XE 1B
60 2 ( )
0=60° = |a-b[1 Qu @
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Motion in a Plane

10my/s 5my/s o e
—> —> Um—5|
«—100m —> Vi=Vn=(5)i+v,]
V,s =10-5=5m/s
tanf=1= i
12190 e 5
> sov, =5km/hr
A2 4
Q (3 ~ ~ Q17 (2
Vor =V, =V, =10-9=1m/s L
V,=10]
o mis Ve =i
10 m/s
P — — = - A o
Ig 100 m ﬁ Vi =V =10j—vi
) 100 100 i > o _
Sotimetaken t= 5 — = — =100 sec. Vi =V¢ |=+10% +0v? =20
Vo 1
Q13 () b =103
V, = - 500i N
W Q18 (2
Vea d d 2d
T=—+—=—
oV V V
Vg, = 1500i = d d ovd
= + =2 2
15007 —500{ =1000] Viu V-uo Vi-u
V2T0 T
Q14 (4) T= Vz_uz _1_£
N v?
Y T 1
(0] X E To - U2
v
Q19 ()
V, = 50 (<))=50f =50 (~i—]) i.e,insouth Due north will take him crossin shortest time.
west Q20 (@
10m/s
Q15 @ B o)
\712= \71_\72 a=8m
IV, 1= (V2 +VZ-2V,V, cosf A D
If cosOo=—1 They meet when Q displace8 x 3 m

more than p = relative displacement = relative

IV b = VE +VE +2V,V, velocity x time.

) 8x3=(10-2)t
|V12 |ma>< = (Vl +V2)

B t=3sec
S0 |V, [ismaximumwhencos6=—1 and 6=n Ans. 3sec

Puysidg=u 33



Motion in a Plane

Q.22

Q.23

Q.24

Q.25

Q.26

V, = 2at
V, = 2bt

V =2tVa® +b?

@
Horizontal Component of velocity
Becausethereisno accelerationin horizontal Direction

©)

In projectile motion Horizontal accelereationa =0 &
Vertical acceleration a=9g =10m/s’a=0

a=0

a,=10 (down)

= only "C" iscorrect Ans

@

yll

V1 +\72

Avg.vel.biwA & B = (- Accelerationis

constant = g)

Now, if v/, =V, | +V, ]
Thans y, =V, | -V, j (.- bothA& Bareat same
lavel)

Vi +V: =V, i=Vsno | (- 6isfromvertical)
2
"B"Ans.

(©)

Range of 6 and 90-6 issame
If6=30°

S090-6=60°

©)

For both particles u =0 and a,=-9

h:%gt2 = h > same=t — same

Q.27

Q.28

Q.29

Q.30

Q.31

S

dy
)= 4 =0

(v dt

max

d
= g (10t-t)=10-2t=1t=5

= Y, . =10(5)-5=25m Ans "D"

@

()

For 6 and 90-6
Range is ssame
6=15°
90-60=75°

i R=
(i) .
..8in(90-0) =cos6
.. €cos(90-0)=sin6

@
E= 1 mv?
2

At Highest Point
vel =vcos 0

KEzémv2 cos’0 =

@

usin®.ucoso

Ecosze=§ (. 0=45°

. AB=0Bsin37°

©)

u

k,ﬂ 60°

u=10,/3 m/s

34

=3m.
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Q.32

Q.33

Q.34

PHYSsICS

Timeof flight ontheincline plane

2usina
= gcosp

given . =30°& B=30°& u=10./3 M/s

Q.35

Motion in a Plane

@
2n
Tt
where t=1Day=24x60x 60 second

because earth complete one
revolution is 24 hours about its own axis

o)

2x10,/3 sin30° 5
10c0s30° w :(—nj rad/s
60x 60x 24
S0 T=2sec.
Q36 ()
@ 210 rad
. . _ r
At maximum height v = u cosd Givenew =0, = 21n= 21 X ——
0 60 sec
u u
— V> E:ucose from t=5
(o=(o0+(xt
1
= cosb=— =0=60° 2nx@:0+(x><5:> ()L:1.4TtE
2 2
60 Sec
_u’sin20  u’sin(120°) o o
=" ¢ ° 9 Q. @
_ 2R AT o 4x3.14° X 6400x10°
_ u’cos30° /30’ &mOR= = (24x 60x 60)°
g
R_AT o 4x314° x6400x10°
T2 (24x60x60)°  ~SACMVSC
€
20
r=-—m, a = constant Q3 (3
T Given
n=2"revolution ®=02+20
v=80m/s
d(,) d(D
80 2042 —| =20+2=4
coo=0,o)f=—=20/7T = 4n rad/sec do = do|,_,
0=2nXx2=4x odo
from 3" equation o= ——=(6”+20).(20+ 2) = 12 rad/sec?
©° =07+ 200 do
=  (4npP=0+2xqx(4r)
o =2n rad/s? Q39 (2
20 We know that
g=or=2nx — =40m/s’
T v<urg
@ v<+/0.64x20x9.8
Con E » v<11.2m/s
Oseeong = 7 = g | HSEC Q40 @
5 r=144m,m=16kg,T__ =16N
T
VEor= o x 0,06 m/s= 2 mm/'s o mv?
Jav=23rmm r
AV =V, —V. = /2v=22 1 mnm/s
o yo [Tr_ [ex1da
VM T\ 1. ™
35




Motion in a Plane

Q.41

Q.42

Q.43

Q.44

Q.45

4

T=mw?*
=T'=2T=mor
o, = 2 0= 2 x5= /50 ~7rev/min Q.1

@
We know the Tension provides necessary centripetal
force
So T=mw%
) 19
Givenm=0.1,0=2n X;

(=1 =T=mo¥

2
T=01x (angj x1
T

=0.1x 4n° ><£20x1:40N
T

@

L et the car looses the contact at angle 6 with vertical

Q.2
2 2
mgcos6—N = = N=mgcos0— R Q3
During descending on overbridge 6 isincerese. So cos
0 is decrease therefore normal reaction is decrease.
@
Q4
mv? . .
T-mg= p (centripetal force at lowest point)
2
T= +m
r 9 Q.5

@

TI 100x1 Q6
V=,[—= =10m/s
m 1

EXERCISE-IV

ff-[3(i)+4(])] = 2(3';41}5

T +3-4] = 61 +8]
L To=31 +12]
[0003]

#-2a-3=0
#-3a+a-3=0

aa-3)+1(a-3)=0
sa=3

[0008]
c?-5c-24=0

5++/25+96
C:f: > :_318

(0001
»’R=2Ra
®?=20.=200
0=1rad.

[0625]
v=WR

R-5 ot
V'=W(R-5)=

( ) 5
BR-25=R

25
R =7m =6.25m

[0009]

_[‘”dt _ Areaunder graph
J' dt time

<>

36
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Q7

Q8

Q.9

Q.10

PHYSsICS

%x12[25+50]

= — =9r/s
50
Q)
N
12
37° 53°
16 41 50
-— to—)
[0005]
T=mg
My @2 = T + Mg
mr., ®2=T—pmg

M(F, g+ i) ©2= 2Mg

29 c
S AT =— =5m
max ' 'min 0)2

v=,20R = /20x 2000 =200m/s

[0005]
Bird (1) travels 7x and Bird (2) travels5x in sametime,
P
v, s, BxX
0 —2="2= 57 orv,= 7( < 5 kmvhr
Vl T 5x Q
[0017]
Ground frame:

Q.12

N
l@

Motion in a Plane

10=V,,

>E

River frame:

]

<

B = Ver T Vre

5V3i + 5] = —5V3i + 5] + Ve

+ Vpe =103i
< Ve =17.31m/s

V
v_9., .7
5 5 'cT 5
VC:O+aCt
a.=7
[0004]

53°

Ncos6=mg | a=gtan®

Nsn6 =ma |tan6=—y
dx

y=x?

dx

d
y =2x=2x0.2=04




Motion in a Plane

R =+vAZ2+B? - 2ABcos0

NEOSG R may less than either vector if 6 = obtuse
Q17
Vg =V, —Vg
Vg = V2 +V2 =2V, V, cOSO
/ 6=0 Vag = VA~ Ve
mg VAB<VA
0=180° Vag =Vat Ve
VAB>VA
a=10x0.4=4m/s?
Q.18 (1)
Q.13  [0025]
o—>u
1 x?2 _ =
y:Xtane—_gﬁ 'L u=0 ‘La 9 _[2n
27 vecos 0 l t= 9
x=38+2=40 —
y=18
0=60° =v=25m/s
Q.19 (1)
Q.14  [0007]
u?sin(20)
:T s Rocsin(20) (for same speed of u=blu
projection) 0
. a=u,
R' sSin(2x45°)
"R~ sin(2x15°) Rmz%mezw b
1
~R=35x——=7 Q20 (1)
“o05° '™ Q21 (4
Q.15  [0020]
) PREVIOUS YEAR'S
20=40tan0 1 _gx40
_20=40tan0— — —}—————
2 u?cos? 0° MHT CET
Q1 (@
Q2 (2
Q3 (@
Q4 (D
Q5 (@
Q.16 Q6
Q7 (@
Q8 (@
R=A+B Q10 (4
Qu (@
Q12
Q13 ()
R =+/A%+ B2 + 2AB cos0 014 (3
If 0>90° Q15 (9

38
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10 m/s

Motion in a Plane

o 5x5x 2x 4 x 3
E3 Nl =— 5 5_24m
10
10m Q19 @
Q20 (1)
Q21 @
Ground X Q.22 )
Theball will beat apoint Pwhenitisataheightof 10m Q.23  (4)
from the ground. So, we haveto find thedistance OF, Q.24 (3
which can be calculated directly by consideringitasa Q.25 (1)
projectileon alevelled plane OX. Q26 (2
. Q27 (9
h i o u?sin20 Q28 (1)
Therefore, maximumrange, OP=R = g 020 (@
Q30
_ 102><sin(2x30°)_10\/§_5\/§_86m Q3L (@
- 10 o2 T Q32 @
Q33 (@
Q6 @ Q.34 (Bouns)
Q17 @ 035
: : . 1 Q36 (1)
Given, at maximum height, u cost = > u Q37 ()
1 Q38 (@
cosO == or g =60° Q39 (@
- 2 Q40 (1
. 41 ()
u’sin’0 Q
- Maximumheight, Hma = > Q42 (4
g Q43 (2
s o ) The maximum tension in the string will be at lowest
u?xsin?60°  3u 3
—_— = ~sin60° = — my2
29 89 2 pointi.e, T = 11 +mg
Q18 and minimum tension in the string will be the highest
. ~ ~ 2
Given, u=3i +4j pointie, T = mv, —mg
u=[u=v&+4 2
T -+
= v=5m/s There‘oreﬂzlz_zgf
Fromfigure, Tiin % g
Vi +gl
=4
=
5 vi—gl
Asweknow, v? = V3 + 4g|
4 SofromEgs. (i) and (ii), we get
0 Vv +4gl +gl = 4v; - 4gl
3 = 3vi=9g
. 4 3 10
smezg and cosezg v§:3glz3><10x3
R_uzsinze_vz.ZSine.cose V2 =100=v,=10m/s
g g
PHyYsics 39



Motion in a Plane

Q.44

Q.45

Q.46

3
Given,r=20cm=0.2m,t=0.5s,v =4tand m=5kg
2 2 2
Radial acceleration, a = V—zﬂzﬁzsoﬁ
"r 02 02
=80%(0.5)?
At,=20ms?
Tangential acceleration of particle,
dv d o
=—=—(4t)=4ms
= =g (%)
.. Net acceleration

8, =yg +& = /(20)" +(4)" = 4/26ms”

So, netforce, F, = ma = 5x 4./26

= 204/26N

@

Let original length bex cm.
Initial angular velocity be o.
Elongation, dx = 1cm

, mv
According to Newton’slaw F =-kdx =

= —kdx =mo?r
Since, r=(x+1)anddx=1cm
Therefore, - k(1) = mo?(x+1) (i)
Again angular velocity is doubled and el ongation pro-
ducedis5cm.
There, -k(5) = m(2w)%(x+5)
-5k =4me? (x+5)
From Eq. (i) and Eq. (i), weget

..(ii)

5k 4m0)2(x+5)
kK Mo’ (X +1)
= (X+1)5=4(x+5)
= B5x+5=4x+20
=5x-4x=20-5
=x=15cm

@

For half revolution, the position of the particleisgiven
below,

Let velocity bev.

\Y,

1

Changeinvelocity =v, - v,=v-(-v) = 2v
Timetaken by the particle to cover half revolution

=
Vv

_ Velodity _ 2v _2v*
Time 7mR xR
v

.. Average acceleration =

NEET /AIPMT
Q1 @
10m/s
20m/ >
0:
20sino
N
W- E

Q.2
Q3
Q.4

Q5

c

For shortest path, velocity along river flow is zero.

= Sinegzl

20sn6=10 0 2

0 = 30° West

@

@

@

At highest point only horizontal component of velocity
remains= u, = ucos0

u U coso

\ 0=00°—6P°=30°

u =u cos0 = 10 cos30°

= 5¢3ms™*

@

B

—

AV,

40
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Astrack isfrictionless, so total mechanical energy will
remain constant
TME=TM.E

0+ mghzémvf +0

Motion in a Plane

eoe?
= COS2

A-8= [ +|8[ ~2|A]g]cos

) =+/2-2c0s0
h=JL 0
29 =25in§
For completing thevertical circle, v, >,/5gR
A+B 0 A " A 0
50R 5_ 5 I :cot—:‘A—B‘z‘A+B‘tan—
h=—"—=—"R==-D A_B‘ 2 2
g 2 4
Q6 @ Q3
In vertical circular motion, tension in wire will be ALIBEA
maximum at lower most point, sothewireismost likely |AEBE
to bresk at lower most point. |A+BE2(A-B)
Q7 ® AZ+A2+2A%cos0 =4 (A% + A% —2A2 cosb)
Q8 @ 2A2 (1 + cosP) = 2A? (4—4cosh)
o 5cosh =3
Timeperiod (T) =—
period (T) =~ 3 3
cosD=—,0=cos? | =
o = angular speed 5 S
T,=T,(given) Q4 [2]
magnitude of component of o aong
n_2n
o o, Q5 0
0)1:0)2 5.6:0
o m,=1:1 - ab=0
5 2x1+4%x2-2%x 0.=0
JEE MAIN sa=5
Q1
A|+0 A
i ] ok
AA =|A|A|cosos = AA =|A[ t=txF=2 2 1
5 3 -7
AxA=|A|A|sin0*h=0 . \ .
=i(-14-3)-j(-14-5)+k(6-10)
Q.2 @ S
- - =—17i +19j -4k
A+B :\/‘A‘ +[B[ +2/A[|B|cos
Q7
=+/1+1+ 2cosO
R R A
= /2(1+ cos0) {‘A‘=B=1} _ DV,
= ,/2>< 200522
C
B V.
PHyYsics 41



Motion in a Plane

V = tan0 Ve
RG
1= Ve 157 = Veg
RG
Q8 @
(@t=t)
4—R —_—)

According to question

R 2usin®
at=t, Xx=—,T=
2 g

T _usinb

2 g
R=ucos6 (2t)
divide(1) by (2)

R _ gxucos6(2t)
t usin®

=20t x cotO

%zZOtcotG

coto =

Q9  (20m)

2 2
u_+4oo_ﬂ+u_ =400
2 J2 2

()
(2)

Q.10

Qu

Q.12
Q.13

40 1
=== =202 u, = 2042x==20
V2 ) =202 2
u? 2

:_y:_(zo) :@:ZOm

" 29 2x10 20

=20m

u

0,

»
»

91+92=?o

* g

Ball A and B both have same vel ocity and same range

0,=6and6,=90-0

u’sin? u®sin?(90—0)
(D) h,=—————
29 29

Y o6 )

_ u?sin?0 u®cos’O
29 29

_ (u?sin6.cosh)?
(29)*

P 2, 5 . 2 2
_[2u”sinBcosb | (u“sin20) (R
4hh, = 29 29 =3

4h.hx4=Re |[R=4Jh.h,

20 m/s

Ko

tanf =

=uX=ZOCosa
=20sino—10x10

Vy, 20sina-100

el
Vv, 20cosa

=tana—-5seca
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Q.14

Q.15

Q.16

Q.17

PHYSsICS 43

— H n .
X—4sn(z'0\)t] y:4sn(0t

X =4 cosot

Eliminate't' tofind relation between X and Y
X2 +y?=42cos’ ot + 42 sin? t

x2+y?2=16 (sinot + cos? ot )

x?+y?=16 — Equation of circle

@
u’sin260
g

Range =

u2
(Range) = E(O =4509) 0.18

u2

— =100= u® =100g
g

u’sin®

Height =

2

(Height) = ;—g(e =90°)

max

Q.19

R_ 2U25inecose( 29 j
H g U®sin®@

_ 4

 tan©
tand =4

Motion in a Plane

gx
= Xtand— —>——..tan0 =5
y=x 2u% cos’ 0
u, =|A—>uX =
ucoso=1
tang=—L=-—2
5l
1

©)
Letinitial velocity of both the projectilesbe u.
Thenfor ground-to-ground projectile, horizontal range
u’sin20

g
now, according to question,

isgivenby R=

u’sin20,
R, g _sne 2

R, Uu’sin20, sin60° /3
g

1

For 13ball
v=u+at
amaxht.v=0
SO

O=v, -gt,

For 2"ball

VvV, CcoS0O
b="3— @

Given
=1,
From (1) and (2)

vV, _ V,C0s0

g g

<
=
<
7]
D

= 200

2 2 2
hl:v_landhz:vzcos 0
29

29

Now

h, (v? 29 V3 cos’ 0
n | 20) VoS0 vioos0
) g) v,C0s8°0 v,cos 0




Motion in a Plane

h

g
h2
Vl i VZ
§/
m 2m
Q20 @
gx°
Byy=xtan0——————
vy 2u®cos’ 0
2
10=20tan 450 10> 20"
2u” (cos45°)
Solving u=20

2usin®  2x20xsin45°
g 10

Now timeof flight T=

t= L =2seC
Momentum of ﬁ

P=mucos i +m(usin®—gt)]

A

=10[20c0s45°)i +10(20sin45°~10x 2) j
=100V/2i + (100ﬁ - 200)]

Q21 @
X =3t} y=56Yy z=7j
_d—x_3A _d—y_152 =—=z=0
VT T3 Ny T Sy
% Y a0ty a=0
=74 " 3=4 = y a=
S
=30ty
at =1sec
a, =30Y

02 @
E==-mu?

U .--" =% Uucos60°

N
g)\
o .
o A
LY
A3
.
’
.
.
.
.
.
.

Q.23

Q.24

Q.25

u
At highest point, velocity V = ucos60° = 5

1 (u) E
. K.E. at topmost point = M| = | =—

2 2
15
R - u®sin 2(45°) :u_2

max

20=30°,150°
0=15°75°

)

u
Time taken by ball to reach highest point = E

Frequency of throw :% =n

—u=32
n
2
2
2
Hmax :u_: n
29 2
9
2n?
()
Q)]
)

C«R—»

f =mo’R
Now

f <uN
Mw?R < umg
o’R<ug

R<M
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Q26 (3

80=0.1x®?x2

_80 o
027

o =20rad/s

0)2

=20x@rev/min
27

_ 600
Y
K =600

Q27 (2
According to theory :

2

T+mg= mF\il ..... (at highest point)

mv?

T= R -(mg)

.. Tension isminimum at highest point.

2

T= mv +mg....(At lowest point)

.. Tensionismaximum at lowest point.

Q28 (3

v — uniform speed
Sotangential acc. will bezeroa =0

a=a +a,

53]

V2o
a=——(R
5 R()

V2 2 V2 . oA
a =——Cc0si ——sino
a R = )

Q29 (24)

V =,/urg

v, _ kjﬁ: /4_8: /16><3
v, r 30 \75 25x3
v, 4
—~£=—=1V,=24m/s

"5

PHYSsICS

Q.30

Q.31

Q.32

Motion in a Plane

&)
a=Kk2r t? power delivered = ?7?
a, = —=Kk°rt?

C

v2=K2r2t2
v=krt

V2
r

) ) dv
Tangential acceleration 8= = kr

So tangential forcef =ma,
F =mkr

Power delivered

P=Fv

P=mkr x krt

P=mk%

@
Distancetravelled S=R6 (R =radius)

R_2_RO_ .80
0 T T
4

Displacement ‘AF‘ = 2Rsin%

| AT |= R{/2(1—cosb6)

0 =135°
_& 2(1+0.7) )
T c0s135°= -0.7(given)

Givencos 135 =-0.7
~47m

@

mv?

r

Curveisparabola
Y =kx?

N =

45




Laws of Motion

Laws of Motion

EXERCISE-l (MHT CET LEVEL)

Q1 @

= dp
F= i Rate of change of momentum

As balls collide elastically hence, rate of change of Q6
momentum of ball = n[mu—(mu)] =2mmui.e. F=2

mnu.

Q2
If momentum remains constant then forcewill bezero
because F= % :

Q3 (O

For exerted by ball onwall
= rate of change in momentum of ball

mv—(-mv) 2mu
t ot

Q4
M/2

F i v

_2F
M 3m
2

Acceleration, a=
M +

for block,
f,.=ma ‘T

Q5 ()] Q.7
For equilibrium of all 3 masses,
a= L
m+m,+m,

For equilibriumof m, & m,

(Mm+m)T;

— T:
T,=(m+m,).aad > M+ m, +m,

Given m =10kg, m, = 6kg, m, = 4kg
T, =40N

. (10+6).40
"2 10+6+4
)

Given m= 0.36kg,M =0.72kg

The figure shows the forces on m and M When the
system isreleased, |et the acceleration be a. Then

=32N

T
at[m]
Mg
AT
T
Mg
T-mg=ma
Mg-T=Ma
a-M-Mg_ g/3
M +m
and T=4mg/3
For block m:

u=0,a=g/ 3,t=1,s=?

Work done by the string on m s
g 4x0.36x10x10
6 3x6

8J

f§=Ts=4%x

@
Net dliding forceor pulling
force=2mg sind5° —mgsin 45°

_mg
V2

Maximum resistance by

friction= fa, + fle

=HaN, 1N

B
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Laws of Motion

5 1 Q16 (O
= —mgcos45° +=2mgcos45° T=m(g+8)=500(10+2)=6000N
3 3 Q17
Rate of flow will bemorewhen lift will movein upward
4 mg mg o , .
=——= >pullingforce (_J direction with some acceleration because the net
32 2 i i
downward pull will be more and vice-versa.
Thus the system will not slide and acceleration of Fowaa =M@+ andF,, =m@-aF, .,
systemwill be zero.
Q18 @
Q8 F F 98 1
“ = — = —= = —= 0_1
. 1 R mg 100x9.8 10
SinG ==
3
Q19 (O
0 for block A to move the limiting friction at block A
Ny must be exceeded by the weight of block B.
i At the limitting condition
N [/ than, Mg =M, g
z =M,=uM,=0.2x10
=2kg
Thus, N,sn6=N,
Q20 (2
N, 1 Considering theequilibrium of A, we get
N__SinG_ 10a=10gsin30°
2
Q9 (@
After the stone is thrown out of the moving train, the 4
only force acting on it is the force of gravity i.e. its
weight.
10g cos 30°
.. F=mg=0.05x10=0.5N.
Q10 (3 Tog g
Qu (@ 10
Q12 @3 .10a=—g-T —ux10gcos30°
5N forcewill not produce any tension in spring without 2
support of other 5N force. So here the tension in the buta=0,T=m.g
spring will be 5N only. .
0.2/3
Q13 (3 0=59—m39—T><10><9
From freebody diagram,
For block to remain stationary, =m, =3.268 = 3.3kg
md COs &
Q21 (3
Q22 (3
. a=g(sin6—pcosb) =10(sin 60°—0.25 cos 60°)
mg sin o, =macosa
a=7.4m/s.
Q23 (@@
= a=gtana
Qe Applied force — Kinetic friction
Q14 (@ mass
Q15 (2
PHyYsics 47



Laws of Motion

Q.24
Q.25
Q.26

Q.1

Q.2

Q.3

Q4

05

Q6

_100-0.5x10x10
10

=5m/s’

@
Q)
@

EXERCISE-Il (NEET LEVEL)

©)

F 100
Acceleration o == T 20 cm/s?

Now v = at = 20x10= 200 cnvs

)

Thrust F= u(%nj =5x10%x40=2x10°N

@
dv) 0.25x[(10)—(-10)]
=m| — |= =25x20=500 N.
Force m( dtj 0.01 x
@
_ -2
F:m(v—uj:5(65 15)x10 125N,
t 0.2
@
E e MU=V) 2x(8-0) 4N
t 4
€]
ﬁ_:%:g(a+bt2)=2bt ieFot
dt dt
@

Q7

Q8

Q.9

Changein momentum = Impulse
= Ap=FxAt=At=-Z="00=

@

F=J(F)? +(F)’ +2FFcos0 = 0 =120°.

@
Range of resultant of F, and F, varies between (3 +5) =
8N and (5—3) = 2N. It meansfor somevalue of angle

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

(), resultant 6 can be obtained. So, the resultant of

3N, 5N and 6N may be zero and the forces may bein
equilibrium.

©)
mi m; T ms -T)/
T':(m1+m2)><+-
m, +m, +m,
@
T 2mm, _2x10x6 g0 435y,
m, +m, 10+6
©)

If monkey move downward with acceleration a then
its apparent weight decreases. In that condition
Tensioninstring =m(g—a)

This should not be exceed over breaking strength of

theropei.e. 360> m(g—a) =360 > 60(10-a)

—=a>4m/s.

@

For jumping he presses the spring platform, so the
reading of spring balance increasesfirst and finally it
becomes zero.

C)

Net forceonbird, F ,=0.5x2=1N

. Readingincreasesby 1 N

@
Since downward force along theinclined plane
=mgsin0=5x10xsin30°=25N.

)
As the spring balances are massless therefore the
reading of both balance should be equal.

@
In stationary lift manweighs40kgi.e. 400 N.

When lift accelerates upward it's apparent weight =
m(g+a) =40(10+2)=480Ni.e. 48kg

For the clarity of conceptsin this problem kg-wt can
be used in place of kg.
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Q.18

Q.19

Q.20

@

Asthe apparent weight increase therefore we can say
that acceleration of thelift isin upward direction.
R=m(g+a) =48g=4(g+4a)

= a=0.2g=1.96 m/¢?

©)
Applying Newton's law along string

d
«

= T-myg*+a*=ma
or T=mg*+a”> +ma

&)

the mass of block ism. It will remains Let the massif
forcesactingonit arein stationary i.e., macos 6 = mg
sin6

= a=(gtano

v

Here ma = Pseudo force on block,
mg = weight

Q21 (1)

PHYSsICS

Conder FBD of structure.

Laws of Motion

Applying equilibrium sequations,
Av+Bv=200N...(1)
A,=B,..(ii)

From FBD of block B,

Ay
|

:

|

F, T |
N, 400N

B, + F,cos60°—N,sin60° =0

N, cos 60° —B,~300 + F,sin60° =0
F,=0.25N,

B,,—0.74N,=0 ...(iii)
-B,+0.71N,=300...(iv)

FBD of block A

T

I W

Ny
A
F
5 300N

F.—A =0
mﬁ—%zmo (V)
Fa=rN, .
S NFA S0 (Vi)
On solving above equations, we get

N, = 650N, F, = 260N, F, = uN,

A




Laws of Motion

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

&)

F=pR=04xmg=04x10=4Ni.e. minimum4N force
isrequired to start the motion of a body. But applied
forceisonly 3N. So the block will not move.

@
poW_1x98_ 9\
n 0.2

©)

fas | A

fo| ® v
Groun

F= fAB + FBG
=M\ MY + Hge (mA + mB)g
=0.2x 100 x 10 +0.3(300) x 10

=200+900=1100N

@
mB mB
= — 0.2:— m :2k .
Hs m, = 10 =My g
@

RetardingforceF=ma=pR=p mg .. a=png
Now from equation of motion v? = u?—2as
2 u2

=0=u"-288=>S=—=—-.
2a 2ug

@
Thereisno friction between the body B and surface of
thetable. If the body B is pulled with force F then

F=(m,+m)a
Due to this force upper body A will feel the pseudo
forcein abackward direction.

F=m,xa

Q.28

Q.29

Q.30

But due to friction between A and B, body will not
move. Thebody A will start moving when pseudo force
ismorethan friction force.

i.e.fordipping, m;a=m,g.. a=pug

@

Fromtherelation F—umg=ma

o= F7HMg _1294-03x10x08 15
o 10
()
R Fsin30°
[
oz
30 °
- 1 (_| j_f)cos30/
mg

Kineticfriction=p, R=0.2(mg—-Fsin30°
= 0.2(5><10—40><%) =0.2(50-20) =6N

Acceleration of the block

_ Fcos30°—Kinetic friction
Mass

V3

20xY° _6
- TZ — 5.73m/s2.

@
Limiting friction between block and slab=p m,g
=0.6x10x9.8=58.8N

But applied force on block A is100 N. So the block will
dlip over adlab.

Now kinetic friction works between block and slab FK
=pum,g=04x10x9.8=39.2N

Thiskinetic friction helpsto move the slab

39.2 39.2
. ; = ===2-0.98m/s?
- Acceleration of slab m 20 .

B
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EXERCISE-IIl (JEE MAIN LEVEL)

Laws of Motion

Normal froce

Q1L @
Experimental fact. % %%
30° 3
Qz @
Action and Reaction are equal and opposite N =20co0s30° = 10,/3
Q3 @ Q9 @
a5
2kg 1kg N
N
6N N ) |e—
m
Both blocks are constrained to move with same
acceleration. T=mg
6—N = 2a[NewtonsII law for 2 kg block] (1)
N —3=1a[NewtonsII law for 1 kg block] 2T cos0=Mg
= N=4Newton (i) o B
Fromequation (i) and (ii)
2 =M
04 ) = 2mg cos 6 g
F=ma 0 adways>0soM <2m
Q5 <) Q10 (@
- Relative acceleration Man and car is zero during the
F=ma journey
N=0
Q6
Infreefall gravitation force acts. Qu (@
10
Q7 (@ Att:25;ec:>a:3:5m/s2
N\ / —ma= 2 «5-0.25N
T 7. TeosfyTeosd -7 S0,F=ma= 1500~
T 0 H 0 T Att=4sec
L a=0So F=0
T sin0 A T sin® — Att =6 sec,
= a=-5m/s* = F=-0.25N
150 N
T cosd +T cosd —150=0[Equilibrium of point A] Q12 (3
~ 15 4m/s 6 m/s
2T cosb =150 T= 0s0 —> —>
When string become straight 6 becomes 90° m, F M, F
=>T=w
Q8 (@ —>
Weighing Machine m+m, —>»F
aways Measure
PHyYsics 51



Laws of Motion

Q.13

Q.14

Q.15

Q.16

F=m, 4[Newton’sll [aw for m,]
F=m,6[Newton'sll law for m]
F=(m,+m,)a[Newton'sll law for (m +m,)]

I LA PO ) P
= F= 276 =1= 276 =a=24m/s.

@

120° 1200

1200
. F

Dueto symmetry we can say net forceon body M isO.
accelerationisO.

©)

3
mg—;1 mg =ma [Newton’s Il law for

man|
_9
= a= 4
@
100 100
M=2.5kg
Skg | | T ‘L4m/sec2
70+50 T+25
120-100=5a ()]
20
a= o = a=4m/s
T+25-100=25x4 (1))
T=85N
@
2 2 2 F
v =y +2a5=1"+2—X
m
- TM 2_ .2
X=5E v =v; +28s
oF 2F (—m
2 — 2 - — _
O0?=3%+ - x 0=9+ m | 2
=F'=9F

Q.17

Q.18

Q.19

Q.20

Q.21

T, T,
@
m,g mgg
T,

T, -T,-mag=mya

T, -mgg=mga

T, —(mMy +Mg)g = (M4 +mMg)
T, =mg(a+g)

T, my+mg
T, Mg

@
9=y =snol
mgsing

@

V, V-V, +v,=0
From constrained
-5-5-5+v,=0
v,=15m/s{

@
From constrained
+2-v,—v,+1=0

vg =3/2m/s?T

©)

From constrained Motion - (along the rod vel of each
particle is same so component of the velocity in the
direction of rod is)

vecosO=using

v=utan6
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Laws of Motion

Q22 & F=ma+mza, [Newton’s law for
2m/s system]
200=10x12+20xa
O a=4ms.
vl
[B] Q.27 (2
4m/s|
2mm,g 2x5x1x10 50
V = (velcoity of B w.r.t d = = = —
(velcoity of B w.r.t ground) (M, +m,) = 5 3
V-4
—— =2V =8m/s(velcoity of B w.r.t ground) 100
2 2T =——~33.3kg
V' =6 m/s(velcoity of B w.r.tlift) 3
The spring balance reads
Q23 (9 2T =33.33kgwt < 60kgwt
18kgat rest =>180=2F
F=90N 028 (@
Q24 (3 Weight of manin stationary liftismg.
N
al
F mg
F
mg—N =ma [Newton's| law for man]
= N=m(g-3a)
18kg Weight of man in moving liftisequal to N.
(@ T=mg+ma (2) T=mg—ma = L :§:>a:—
T=mg m(g—a) 2 3
Q.25 (4)31 Q29 (1
—_— e
F<f . —>F
F M kx kx f€
friction=F
ForF>f
kx kx .
— «— friction constant
F-kx=m a [Newton'slI law for M|
kx=m,a, [Newton'sll law for M] Q30 @
By adding both equations. Q31 (@
Monkey is moving up dueto friction force
F=ma+mg=a="7"""
f
Q26 (2 T '
a 1.
10kg 20kg T 4o ¢
200N
. N g
12m/s a
PHyYsics 53



Laws of Motion

Q.32

Q.33

Q.34

Q.35

Q.36

f.—mg=ma
f,=m(a+g)
towards up.

&)
Floor will provide the normal force and friction force
the net reaction is provide by the floor isR.

iN N\ R
_ V
f, V=

floor

@
m Ags[n 30=um, gcos30

m, gsind0 = pm,gcosA0 .
Does not depend on mass so all three are possible.

@

pkL(1—1)g=k£g
n n

I L/m

he

@
f o = 1 Mg COoSO
V3

f%w(=07x2x98x7; =73

mgsint=9.8
As mgsind <f___ sofriction requird is mgsino.

@

N =mg cos 6

f.<uN
mgsin®<umgcoso

Q.37

Q.38

Q.39

Q.40

Q.1

@

Friction not depend on surface Area
so angleremain same.

.. Angle=30°

©)

v=u+at = a, =-ug

a,=-ug=>a=same = U=same

Time taken to stop isalso same

Does not depend on mass.

@

move with a constant vel ocity

So ma=mu g (in negativedirection)
a=ug

= V?-U?=2as VZ=V?+2as
v =,/2ugs herev,=0,v,=v

@

V2 =2xgsinox|

v2 .
?: 2x(gsin®—pgcoso)

sine(l—izj =pcoso

n
u= tan 9(1— F\J
EXERCISE-IV
[0005]
T-mg=ma ... 0]
T, 2T
fa ta
mg 4mg

Amg-2T=4ma = 2mg-T=2ma.....(ii)
congtraint relation : Ta—2Ta = a = a/2

.. fromequation (ii) weget
2mg—-T=2m(a/2)
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Q.2

Q3

Q4

Q5

PHYSsICS 55

solving (i) and (ii), we get Q.6

g
a= - =5m/¢

2
[0010]
T,sin30°+T,sin60° =20 Q.7

300 600
T, T,
29

T, cos30° =T, cos60°

T,=T,4/3 = > =20 Q8
T,=10N

[0050]

100=k x (40—7,)

200=k x (60—7,)
60—/,

2= 40-1,

80—2(,=60—,

20=1, =

= k=5

x=k x (30—20)=50N

20k=100

Q9
(0360]
90-50
5
S=16m,V =16n/s
3 kg part hitstheground t = 4 sec.

remaining 2kg hasa= 35
S4=360]

a= =8, after 2 sec

Q.10

[0070]

AT 2T T T
I f

T=m,g
som,=7mg =70

T=mgg

[0270]

F=2x75co0s37°+ 150
4

=150 E +150=270

[0830]

m=16,M=80,x=6,L =12

mx
- | —+M
T—(L + jg

= {li>2<6+80}x10 =880N

50g—-T =50a

300
a=10—- —— =4m/&

50

[0002]
e = MO = 0.2x 10 = 2m/sec?
v=u+at
0=4-2t
t=2sec
[0200]

N F

LB

N < | = a=0
" |
100g

Fcos37°=uN

Fsn37°+N=100¢g

umg

F= Cos0+pnsin®

=200N

Laws of Motion




Laws of Motion

Qu (@

Innon-inertial frame,

Q12 @ Nsin®=ma ()
Q13 (9 N cos6 =mg (i)
Q14 (O
Q15 (@ tano < 2
Q16 (@
a=gtano
PREVIOUS YEAR'S
Q3
MHT CET
Q1 ) Viina =0
Q2 (I
Q3
Q4
Q5 (@
37
V4 4
Q.8 ) Viina =0
Q9 (@
Q10 (2 Vi = y? - 2(gsin®)x
eQu @
Q12 (4 .2
A3 1 Xq = -
8.14 54; " 2gsin6,
Q15 (2 ,
Q.16 (1) . U
Q17 (3 27 2gsinG,
Q.18 (2
Q19 (@ ﬁ_sinez_sinso_i
Q20 () X, sn6, sn60 +/3
Q21 @
Q2 Q4 @
Q23 (@@ o5 @
Q24 :
JEE MAIN
NEET/AIPMT 01 @
m=5kg; retardingforce=10N
Q.1 @) For time of ascent (t); for time of decent (t):

Coefficient of dliding friction hasno dimension

10
f=uN f a\l,% 50+10=16 g $ I 50-10=40
ot v 50
Q.2 o a= 6—50 =12m/s’ a= ? =8m/s?
NcosH
N u2 2 1
to=o =150 h=at]
b 2 2 2
> |/ — N sin0 e u_2:1x8><t§|
(pgeudo) 2a 2x12 24 2 2
:>t2 :—2:> = u
. a ¢ 24x4 J12x8
= 0
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Laws of Motion

. 12 :x/12><8:\/§: 2_ 5.3
t, u 12 12 \3 '
J12x8
Q2 [2Z
F=10i+5]
m=100g=0.1kg
é=£=100f+50]

m
Force is constant so acceleration is also constant
AT:UH%QIZ (asu=0)

Af:létz
2

1 ~ "\ ~2
=§(100| +50j)2
=200{ +100]

R A Using constraint
=ai +b]J -
a=200,b=100 2.Ta=0

a —4Ta —2Ta,-Ta,—Ta, =0
.'.6:2 4a +2a,+a,+a,=0

03 12 Q.6 [36]
T
F cos60° = mgsin60°
F—1=0.2x10£

2 2
F-2d3 _6mg_6g 3
Jx =23 10m 10 5
X=4x3=12 O—O0—C0O—>T

taking 8, 9, 10 together
Q4 T=3ma
Q5 (I
=3mx§
5
=36N
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Laws of Motion

(€) Q.9

Q.7

QS8

30N

Tsin6=30
T cos6 =100
tan0=0.3

©

2Mge——| 4M

icedab
M
FBD
«— 38
— SN
Mg 4M
‘T
a[ M
Mg
2Mg-T=4Ma -——--- 1)
T-Mg=Ma - 2

Adding Both Egn
2Mg—-Mg=5Ma a=g/5

FromEQq"(2)

T= Mg+m = _6Mg
5 5

SoX=6

Q.10

—kx —12x
a=——=——=—-6X
2 2
ﬂ =—6X
dx
" 3/2
Ivdv =—| 6xdx

vV -16= —6(9 —Ej
4 4

V2 =16—(6x2) =4

v=2m/s

©)
Theweight of block of Mg.

ol

Theforceexerted by block onfloor isequd tothenormal
reaction.

N

T |
a

!

Mg

=N :¥(given)

Using Newton’s second law from ground frame.
Mg—N =Ma
= Mg—% =Ma

:%:Ma
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Q.12 )
7N
N VZN
6 SesN
iN
8N
Q.13 (@)
By NTA but (A) by motion
T
T
— (A le—— ——» a(acceleration of
F N, block A 100 kg)
F—T—N1=100a (D)

FBD of 20 kg Block wrt (100 kg)

Q.14

Q.15

Laws of Motion

10a—240=10%2
a=26m/s?

F—-240-20% 26=100x% 26
*F=3360N

)
FBD of monkey whilemoving downward
T

la

v

mg
mg—T =ma
500-T=50x%4
T=300N
FBD of monkey whilemoving upward
T

Ta,

{

mg
T-mg=ma,
T-500=50x%5
T=750N
But breaking strength of string =350 N.
So, string will break while monkey moving upward.

@

Using Newton's law on both blocks:-
mg-T=ma ....(1)

T-mg=ma ... 2

adding equation (i) and (ii), we get

=(m,-m,)g=(m,+m,)a

:a:—(ml_mz)
(m,+m,)

Now, for case(1): m;=2m,

(2m,-m,) 1
A= (2m2+m2)g_ 3"

20a<1— — >N, Ta,=2m/s’, N,=20a

| -2 Andfor case(2) : m =3m,

¥ (Bm,-m,) 1

200 az_(3m2+m2)g_2g
T-200=20x% 2 . . :
T=240N Now, according to question ratio of these two
FBD for 10 kg wrt (100kg) o __gxg 2

a=2m/< accelerationis a, 3 9 3
10a<€— T—>T
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Laws of Motion

Q.16

Q.17

Q.18

Q.19

@
Forceper unit areamust remain same.
10 25
> —=—
25x10" A

4
AL Bx25x107 Lo
10
@
dm .
i 0.5 kg/sec Velaocity =5m/s
Power=F.V. .2
Now,
dp .
F= o (HereV — Cont. and mass — Variable)
dm
F=V—
S0, ot
Vdm dm
From(1) P= T-V = VZE

P=(5)2- (0.5)=25x 0.5=12.5\Wait

@

= 430°
a=gsnd ¥

In case 30°

(= 2l
gsin30°

Solving | =45°
In case of O = 45°

t,=

,_.,
N
Il

t, =242 =1.414\1.414

=14x12
t=1.68sec

@

Impulse = changein momentum
= AP
_ AP

Fag ™ At

At =3 At,=5
AP, = AP,

=1,
incase (i) ismorethan (ii)

F

avg

®)

)

dm

dt

10g
=—vVv="
F 5s

(4.5cm/s) = (9 gcm/s?) =9 dyne

LI

(®)

>

L-l

v

. . L g
Givenif ¢ =;,thena:E

Mass of | part
_M,

m,

Massof L—1 part

M
m2 = T (L—l)
Apply NLM

g
m,g-m,g =(m, +m,) E

M M
[I%L_D_I%}

L-I
L

1
L

1
2

60

mg

g:_

2
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L
givenheat| = —
X

Laws of Motion

So,x=4 102 20
Q22 ()
45° 30°
Q25 (2
+«—a v=0
m —»u n
[777777777777777777777777
K 3 Bl
a=—ug=-05%9.8
u=9.8m/s,v=0
2— R
Toon |t V2= 2+ 285
geosa u?  9.8x9.8
- “2a 2x05x9.8
For equilibriumm,g=m gsind =9.8m
sno= -3 Q% (9
m 5 Mass per unit length = A N
4 N=mg=A(L-X)g
cos0 = 5 fs = uN
fs_.=(0.5) (W) (L—X)g
Normal forceon m, = 5g cosd Andasofs  =mg
max 2
4 0.5\ (L —Xx) g=Ax
=5x 10x — = 40N (L=x)g=mxg
> L—x
=X
2
Q24 (2
Inupward motion L 6
L=3x=X=—=_=2m
1 . 3 3
Egsm45°t2 =10y2
Q27
1 10 ,
x—=t2=10y2
2 2" 02 2g 405
t=2 ml,
1
In downward motion 8kg| M —>»
1 [T
=gsin30°t? = 20
2 (@) o =059=49m/s
For moving together
l><Et§ =20
% 5
t; =2V2 Fr =Mya,
=49N
Total time= 2(1++/2)
t=2 Q28 (@
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Laws of Motion

Q.29

_a,

| 40kg |

oighe

L et the acceleration of both blocksis a

T

ik Jbe

40

For 4 kg block applying second law :
40-T=4a

a
—»

F=uN 40 kg T

F =0.02x40x10=8N

For 40 kg block applying Newton’s Second law
T-8=40a

Solving above equations

8
a=—ms
11
@
u=0
m
2ms<—
© ©
—>
p=04

Velocity of conveyor belt =2 m/s

Initially when bag isdropped on conveyer belt isstarts
dlipping so kinetic friction acts on its due to which it
finally stop after sometime.

Motionw.r.t. belt —»

u,=0-(=2)=2m/s

a ="Y9_ 9-04x10=4m/s
m

rel

Vi =Ui +2a,-S,

T

0=(2*-2(4)(S,)

= f=£=05m
8

S 5

e

Q.30

@
Mgcos0
\)

/] Mgcoso
Block dliding with constent v
Sofriction
F = mg sin 6 upward is a contact force and another
contact force is mg cosd, both the are | hence Net

contact force = \/(mgsine)z +(mgcosh)” = mg

62
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Work, Power and Energy

Work, Power and Energy

=528x10°J=528mJ

EXERCISE-I (MHT CET LEVEL) Q7 @
WTFdx —Tdex =C X—2 : = lCx2
Q.1 ) 0' _0 = 20_2 1
Q.2 ) _ _ _ o
In the string elastic gorce is conservative in nature. Q.8 @
S W=-AU . . 09 ®
work done by elastic force of string, According to work-energy theorem
WZEKXZ_E(XH,)Z W = Changein kinetic energy

1, 1
FScos6 =—mv° ——mu
:lkxz—lk(x2+y2+2xy) 2 2
2 2 Substituting the given values, we get
20x4xcos0=40-0

1, 01 2 1, 5 15
==kx® —=ky“ —=kx“ —-=k“(2
2 X 2 y 2 X 2 ( Xy) ('.'u=0)

1 2
= —kxy — =k
i 2 / cose—4—o—l 0=cos* E =60°
Therefore, the work done against elastic force or "8 2 or 2
ky
W, =-W="2(2x+
Q3 (Applied force - frictional force) x distance = Gainin
Work done = Force x displacement kinetic energy.
=Weight of the book x Height of the book shelf .. (20-f)x2=100r20-f=50rf=15N.
Q4 (@
W =E&=(5i +6]—4Kk).(61 +5k) = 30— 20 =10units DR I,
Q5 (4 Here, F=3x"1+4j
W =F3=(5i +6]—4Kk).(61 +5k) = 30— 20 =10units F=xi+yj ..df =dxi+dyj
Q6 @ (e
Here, m=3g=3x 10%kg, x =t3—-4t>+ 3t Work done, W = IF.dr
dx 5 d? (3,0 o . . (30)
g T3-8t+3, qr =6t-8 = | Giaoxirdi)= [ 3¢ +ady
(2.9 (23)
2
WZIFdXZ m%(z—:jdt (3,0)
= I d< +4y) =[x%+ 4y]59

(2.3
=3¥+4-(22+4%x3)=27+0-(8+12)=27-20=7J
According to work energy theorem,

Change in the kinetic energy = Work done, W = + 7J.

4
- jo (3x10°°) (6t —8) (32 — 8t + 3) it

4
=3x107° j (18t3 —48t% + 18t — 24t° + 64t — 24) dt
0

Q12 @
A Q13 ()
=3><10*3J' (18t° — 72t% + 82t — 24) dt Q14 (1
0
W=F:-§=(2i”+3]+4F<)-(3i”+4]+512)
18., 723 82, 4
:3><10_3{—t4——t +o2t —24t} =2x3+3x4+4 x5=38]
4 3 2 o

p-W_38_gsw.
t 4

=3x107° [1—5(4“) — 24(4%) + 41(4%) — 24 x 4}
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Work, Power and Energy

Q.15

Q.16

Q.17

Q.18
Q.19

Q.20

Q.21

Q.22

Q.23

@
P=Fv=4500 % 2=9000W = 9kW

@
p_ Workdone mgh  300x9.8x 2
Time t

=1960W

@
_mgh _ 200x10x 200
10

= 40kW

@
@
@
W = change in PE of COM of hanging part

M L Mg
n-2n 2n

)

et oo 2V
V_zk(x)_zk(Z) ork_4 5

v =2k(101? = 1« (XJ(lo)z — 25V
2 272

@

In compression or extension of aspring work isdone
against restoring force.

In moving abody against gravity work isdone against
gravitational force of attraction.

It meansin all three cases potential energy of the system
increases.

But when the bubbl e rises in the direction of upthrust
force then system works so the potential energy of the
system decreases.

@
According to the conservation of energy, kinetic en-
ergy at A + potential energy at B

= 0+mgh:%mv2+0

or v2=2gh=2x9.8x0.20
(- h=radius=20cm=0.2m)

Accordingto work - energy theorem,
Work done on the ball = change in kinetic energy

= Lm0 = 1i2 sox08x02
2 2" 1000

=392x10°J=3.92mJ

Q1

Q.2

Q3

Q4

Q5

Q.6

Q7

Q8

EXERCISE-1l (NEET LEVEL)
©

W = (force) (displacement) = (force) (zero) =0

@

4Newton 4Metre
Joule = (Newton) (Metre) = 2 X 1 -
Joule
16

Hence: 1 Joule=16joule (Jouleisnew unit of energy)

)
Stopping distance Soc u? . If the speed isdoubled then
the stopping distance will be four times.

©)

@
Work done=mgh=10x9.8x1=98J

)

W = (31 + ¢+ 2k).(—4i + 2]+ 3Kk} = 63

&)

When the block moves vertically downward with

acceleration g then tension in the cord

4
;
g) 3
T= F1-2nm
4) 29
i
Work done 'y the cord = F5=Fscos 6

e

.

Icos(180°) = —(;ngxd = —3Mg%

@
y
rFy
T BON-rmseveeesermromeeens? D, =
T 20N F
g )\
5 10N{-2 <
H ! | H ! G » X
A 5m 10m 15m 20m 25m 30m

Displacement (X) —

Work done=Areaunder the force-displacement graph

64

Mut Cer COMPENDIUM



=Areaof trapeziumABCI +Areaof rectangle| DEH

Work, Power and Energy

_4
+Areaof triangle FHG a - Ki _ - 8x10
1 1 ATRM 4, 22 6.4x107 x10°
= [E (10+15)10} +[5% 30] + [Exlox 20} 7
=0.099 ~ 0.1 ms?
=125+150+100=375J.
Q15 ()
Q9 @
Changein gravitational potential energy pP= aw
= Elastic potential energy stored in compressed spring dt
= mg(h+x) = =kx? poE I _Ey
2 dt
Q.10 (1
Qu @ Q6 @
Here, m=1.0kg,v,=2m/s P=FV =maxat = ma’t[as u=0]
Initial kinetic energy of theblock is
2
1 1 %t
K = Zmv2= = (LOkg) (2m/s)?2=2] RN
T2 T2 L) ¢
Work done by the retarding forceis [Asa=v,/t]
100m 100m K
w= [ Rax= | (—;)dX=—kln[X]18?nm Q7 @
10m 10m 1
—m(v?-u?)
100m Power — Wor_k done _2
=—(05J) In =—0.5J)(2.302)=—1.15J time t
10m
According to work-energy theorem 1 2.05x10°x [(25)2 _ (52)}
K—K,=W P=x
K,=K +W=2J-1.15J=0.85J 2 5% 60
P=2.05x10°W =2.05 MW
Q12 ()
If two bodies of masses m, and m, moving withthe Q.18  (2)
same velocities are stopped by the same force, then ou
the ratio of their stopping distancesis F :——:sin(x+y)
d m, OX
FE ou .
d,, my Fy=—a—:sm(x+y)
Here, m, = 1kgand m,=2kg X
1 »
4y kg 1 FV‘T['“J
d, 2kg 2 2
Q19 (2
QB In the stable equilibrium, abody has minimum poten-
tial energy.
Q14
Here, m=10g=1072kg, Q20 @&
R=64cm=6.4x10"m,K =8x10*J 5
K.=0,8=" Conditionfor vertical looping h:Er=50m
Using work energy theorem, - r=2cm
Work done by all theforces= Changein KE
Wtangential force + chntripetal force = Kf - I‘(i
= Fxs+0=K,-0
=ma x (2% 2nR) =K
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Work, Power and Energy

Q.1

Q.2

Q.3

Q4

Q5

Q6

Q7

EXERCISE-I11 (JEE MAIN LEVEL)

)

25=5x 10 x cosd S0 0 =60°
)
W=20%x10%20%0.25=1000J
)

1 1 1
Sl=Eg12,sz—Egzz, 3=5932
1 1

52—51=§ 3,83—82:595
W, =(mg) S, W—(mg)(S =S),W,=(mg) (S,-S)
W iW,:W,=1:3:5
@
5 3

w =mgh, cos0 =4/5
=10x9.8x3=29%joule

©)
A
F=KX,X, =% K, W, 75 K X2 = 2K,
2
similarly W, = 2K, sinceK, >K,, W, <W,

@
K
W, = J(g}ds =K Ins+C Ans: (D)

(3)
e F =dxi +dyj F=3xi +4J

I(3XI +4]) (dxf + dy])

3x? o 0
= 2 + [4y]3m

2m

Q8

Q.10

Q.11

Q.12

Q.13

_[ﬁ_sxzz

5 }[0-12] =-45J

@

2K.Eman=K.E.
2><—M><V %%Vﬁo},
\Vj :&
man 2
1M

M(v . +1)%==.—V2

= ( ) 272 Vioy
2

:>(Vman+1)2_ b20>' = _(\/E‘i‘l)m/sec

1
W=area=80 = 2 (0.1) -0

so u=40m/s
@

Y . Vit
V =0+al,a= T ,Velocity =O+at= T

1 vt
=3 (m) E?j
@)

1
W= =

V2 l V2 h—} V2 } V2
o= 5 MVE=SmVZmgh =2 mv2——mve

So V, isfreefromdirection of V.

@

1
—Fx=0—§ m(2)? and -

2]

S
So X =2,5=2
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QU1 (1 Q2 @
W_.+W, =0-0
G f - —K(03) _10 5 K=2 20 2000
10x1+W,=0 009 9
10—pumgx=0
2000
10=(.2) (10)x,x=5m work done= ET[(045) -(03?%] =125
Q15 (@ Q23 (3
Loy 100= * K(2om)?, E= = K(4am)?
w= Ek(x2 -x 2 T2
1 E _ _
= - 10(6*~49) =100N cm S0 700 =4 E=400J
—1i E-100=300J
=1joule
Q16 O Q24 (4
—sa
43=—- k(2)?
e e — €]
P=FEV=(R+ma)V XJ=—- k(10
7@ e 2
Q. ©) fromequation (1) & (2)
P= FV =50-30+120=140J x=100J
Q25 (3
Q.18 (2) Form, N cos6 =mg
P,=80gh15,P,=80gh/20 ForM,Nsin0=kx
R _ 20 _ ﬂ Kx
P, 715 " 3 sotane:m—g
1 tan 0)°
Q1 @ s0 5 K= {MINO)
Q20 (3 2K
Potential energy depends upon positions of particles
Q26 (O
21 (3
Q ® 3mg 1 3mg 2
! motr AT K K
> mu?=mgh, u?>= 2gh
Q27 (2
() xe -
mg| 7 +K.E. =mgh du v du _ve
dX X=A X x=B
_ mgh R _ :
KE.= 4 So, F, =positive , Fy =negative
KE _ mgh/4 1 Q28 ()
3mgh/4 — 3
Onlyin(A), Uisminimumfor somevalueof r
PHaysics 67

Work, Power and Energy




Work, Power and Energy

Q.29

Q.30

Q.31

Q.32

@

Y cos(x+
ax _COS(X y)l

oU
E =cos(X+Y)
F=—cos(x+y)j —cos(x+y)]
T A T A
=—cos(0+ Z)i —cos(0+ Z)j = |E|=1

@

Areaunder force vsdisplacement giveswork and area
above x-axistaken as positivewhile areabelow x-axis
taken as negative.

W, =10x 1+20x 1- 20 x1+10x1=20erg.

@

(1
ngZEmV
v= gl
@

For light rod

vmp=0

Using energy conservation
1
2 mvZ+0=0+mg/

V= ,/29¢0

EXERCISE-IV

INTEGER TYPE

Q.1

Q.2

[0010]
When the maximum speed is achieved, the propulsive
force is equal to the resistant force. Let F be this
propulsive force, then

F=aV and FV =600 W
Eliminating F, weobtain

400
V2= ? =100 m?/s?

and the maximum speed on level ground with nowind
v==10m/s
[0450]

(m-m,) 41

= =—g=6m/s’
a m1+m2 g 4+lg

Q3

Q4

Q5

Q.6

1 1
Ak = 5 myv,?+ 5 m,V,2 — 5 m,u,— 5 m,u,?
=m,gh, + m,gh,
=(m,—m,)gh

h=0 L
=0+ = -
2a(2n 1)

1
= E x6x(2x3-1)=15m
=3x10x15=450J
[75]

_mgh  300x10x24
Tt t

_ 300x10x 24 -
t= 960 =75 sec.

p =960

[0640]

1
WD, = 5 m,v,2=960kJ

1
WDg = 7 m,v,?=1600kJ

WD, —WD, =640kJ

[0025]
U=mgh

22
visSin© o .
=mg—2—— =1mv§sm29
29 2

30°

1
:100 — =
><4 25J ]

[9600]

When the spring is compressed by 1.00 m, the sledge

moves further down vertically by
1.00xsn30°=0.50m.

Conservation of energy (gravitational potential energy

and elastic potential energy) :

1
12010 (350+050)= -, K x1.00°

k=9600 N
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Work, Power and Energy

Q.7 [0018]
1
> mv?=mgh Q.10  [0008]
Applying work energy theorem when block comes
downbyx=10cm
Ih Wiy + Wy +W; =0
mgx sin® — E kx?—pumgxcos0=0
2 2mgh 1
N:ojmgzm:Tg onsolvingitgiveﬁpzéAns.]
R Qu @
- Q12 (O
=h= 5 =18m 013 ()
All central forces like gravitation force, electrostatic
Q38 [1480] 1
I+ x= m —13 forcewhichfollow theinverse square Law (FOCFJ are
i conservative forces.
g Work done by conservativeforcesis path independent.
{5
: Q14 (3
de— 7 5 —= Potential energy isstored when work isdoneagainst a
conservative force only.
Both potential energy and kinetic energy are relative
x=6m guantities.
1 1
mg x5+ E k(02-0%) = Emv2 Q15 (¥
Q16 (2
1 1 2 (A)W_=(F.cos37°).10=100x 4 x10=800J
100+—><100><36:§><2xv PO ' 5
v2=3700 (B) W,=N.10c0s90°=0
mv?  2x3700 (C)W,=f.10c0s180°
N=——= T =1480N
R =—jumg. 10=—0.5 (10x10x10)
Q.9 [0002]
=-500J
Vbottom = v 59r
(D) W, =W +W +W
2 1 2 5
Ekx =5 MvE= S mor =800+ (-500) +0
=300J
\/Smgr \/8><10><O.18 \/ 18 1
X= = = = —
k 4500 45000 50

=2cm
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Work, Power and Energy

For completing thevertical circle, v, >,/5gR

PREVIOUS YEAR'S
h="9R_5_5p
MHT CET 2g 2 4
Q1L @
Q2 (@ Q2 (3
Q3 ()
Q4 @ Work done by variable force j F.dy
Q5 2 Work done =
Q6 @ v ) )
V4 2 ¢ 10 10
88 23; [ F.dy:j(20+10y)dy:[20y+5y2} =20+ =25]
) y=0 0 0
Q9 B
Q10 (@
Given, P=2K\W = 2x10°W Qs ©® . o .
h=20m Invertical circular motion, tension inwirewill be maxi-
mum at lower most point, so thewireismost likely to
. P= w break at lower most point.
) t
Q4 (D
Q5 @
Pt 2x10°x1 Constant velocity = a=0
= M=—=—7-—7—=10 = T=W+f
gh 10x20 20000+ 3000
=23000N
Qu @
Givenforce, T
F=30kg—wt=30x9.8N
s=20m, 8 =60° )
. Work done, W = Fs cosd tvelocity
=30x 9.8 %20 % cos60°
=2940J l l
Q12 (3 Power =T
Work done by conservative force, W_=—AU = wer: 23\600 %15
If W_ispositive, then AU negative. -
c . = 34500 watts
So, potential energy decreases.
JEE MAIN
NEET/AIPMT Q1 @
Q1 @ IV
h
l : L
AV,
Astrack isfrictionless, so total mechanical energy will s PE=0
remain constant
TME=TM.E v =4/u?-2gL
0+mgh=%mvf+0 Av =+u? +v?
) Av=\Ju®+v*-2gL
v
h=—L
29 Av =4/2u”-2gL
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Q.2
Q3

Q4

Q5

Q6

Puysics 71

Av = /2(u®-2gL)

SoX=2

©)

(©)

AKE=work

(by work energy theorem) Q.7

.8
= 4'[12xdx + 3'[23 y*dy Q
4 3
= E[Xz]f +§[y3]§

=2[4-1] +[3*-27 Q.9
=6+27-8
=25]

(120)

By energy conservation
2w =AK

h
hy 1 I
mg (h-i—EJ—EKXZ:_(AK :O)

o

Q.10

3mgh_1kh_2
2 2 4

_12mg  12x100x10°x10
h 10x1072
K =120N/m

k =120

©)
A B

105
r

For equilibriumF =0
du _ 10A 5B
- AR

0
net dl‘ r.11 r6

Qu

[600]
Using conservation of energy

r W:

Work, Power and Energy
U+K.=U,+K,

0+ Zm(122= 2K 037+ = m(6)

0.5(122-6?) =K (0.3)?
K =600N/m

®

@

Work done=areaunder F—x curve. Areabelow x-axis
isnegative & areaabovex-axisispositive.
SoW,>W,>W, >W,

@
~ 9x10*xgx 40
3600
10*x0.5 N
100

100x0.5=n
n=>50

x0.5=nx100

@

v = bx52
m=0.5kg= % kg
W =AK

(b=0.25m32SY)

_1 2 2
W= 2 MV (_ay = Vico) V=0

=L (ay°

> Ve = (@)’

V§=4 = (b2(4)5

lmb2(4)5:lxlx(025)2><45:1><i>< = 2><45
2 2 2 2 2

=(4)y=16J
@

Clearly the potentia energy lost by block ingoing from
Ato B will be equal to itskinetic energy.

L
Yo

I" »B

Ground
Kinetic energy at B = mgy,




Work, Power and Energy

Q.12

Q.13

Q.14

@

Using work energy theorem
w=AK

1 . 1 >
W=EmV2—EmV1

V=3x*+4
At x=0,v,=4m/s
Atx=2m,V,=3x4+4 = V,=16m/s’

1 Q.15
w=2 (0.5) (16> 4% {m=05kg}
w=60]
@
K= L mv?

2
P=mv
Using these two relations, we get p=./2mK

R _J2mK,
Therefore: P2 \/m
And Both have same Kinetic energies.
R_ ﬂ:ﬁ:ﬁzz Q.16
Ro\m, V2
h_2
P 1
@
150 cmE
Initialy 16 cm’

N
125cm
m, = p(Al) m, = p(Al)
=10° x 16 x 150 x 10° =10 x 16 x 100 x 10°
= 2400 x 10°
m, = m+m, _ (2.4+1.6) _ 2kg

2 2

=m,=2kg

Potential energy : —U, =mg(h)) . +mg(h,) .

_[24x10x> +(1.6><10><5—O
100 100
U =18+8=26J (D)

62.5
100

U=mgh_)x2=2x(2x10x )=25J...(2

Work done by gravity =-AU
=-U +U =-25+26=1J

(24)
Using work —energy theorem
Wna = (Kf - Ki)

@

k=90J
m=200g=0.2kg
we know that

k.=40J inlsec

k-imv2
"2

2k, 2x90
V= m "oz W

v, =30m/s

2K, 2x40
m 0.2
v,=20m/s
v=u+at
20=30+ax1=a=-10m/s?
So, distance covered before stop
vZ=Uu?+ 2as
0=(30)>+2(-10) xs

V? = 400

S= %:45m

Minimum length of poal.

72

Mut Cer COMPENDIUM



