Unit and Measurements

| EXERCISES

)

ELEMENTARY

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

Q.9

(2

Velocity depends on length and time, so cannot be
taken as base quantities. Q.10
(3)

Light year isaunit of distance, whichiscover by light
inayear.

@)
SystemisNOT based on unit of mass, length and time
alone,
This system is based on all 7 Fundamental physical Q.11
guantities and 2 supplymentary physical quantities.

(3)

Unit of pressurein S.I. System is pascal.

4
[magneticfield]

A2
[Length] Q

[magnetisation] =

(4)
Unit of K.E. = Kg m¥S* = Kg m/>.m

= Newtonxm
. L Q.13
Unit of viscosity is poise.

() (ML2T?)
(4) (Joule/m?) = (N/m)

(3)

Forcex Displacement

Time

1
= MILT % % =ML

So, Dimension of length here is 2.

2

P=mvm — mass
v — velocity

Dimesion of [P] = [MLT] Q.14

(2)

Boltz mann’s const. (k) > J— Joule

K — Kelvin

Unit »> Jk

Q.15

M1L2T72 e M 1L2T-2K-l

Dimension = =

)

Find out Dimension of each physical quantity in all

option.

AM =Mvrz=ML2T?

Dimension of Torque (t)= ¢ « f —Force= MLT?
(t) =Lix MILIT?2

Itisalso adimension of Energy. = ML2T2

Power = W/t = ML?T?%/T = ML?T?3

(2)

Dimension of Pressure = MLT2
= Force/Area

It is same as energy per unit volume

_ Energy M'*T??

"~ Volume K MAL=T™

(3)

Because same physical quantities are added and
subtracted.

[at] = MOLOT?

[a] T=MOLOTO, [a] = MOLOT™

(3)
All thetermsin the equation must have the dimension
of force
o [AsnCt] = MLT
= [A][MOLOT?] = MLT-
= [A] =MLT>2
Similarly, [B] = MLT
[A]
(B

Again [Ct] = MeLoT®
[Dx] =MLT®= [D] =L

= MoLoTe

=[] =T"

g — MoLlT—l
= [D] = .
(2
It is obvious
(1)

1
[g] =LT2and numerical value o it



Unit and Measurements

Q.16

Q.17

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

Q25 (3
(4) Q26 (1)
Weknow n, u, =n,u,
whenn, >n,whenn, <n,or thenu, <u,thenu, >u, 1 0.05
1 20
n —
S0, weean say n o« u .Decimal equivalent upto 3 significant figures is
(4) 0.0500
nu, =n,u, Q.27 (2
1m? = n(xm)?
1 Q.28 (1)
nz? Since percentage increase in length = 2 %
(1) Hence, percentage increase in area of square sheet
- =2x2% =4%
rae00) M [ Lo [ -
n,= M, || L, JEE MAIN

1 -3
= 13600 10001 100 Q.1
1 1
n, =13.6 gcm?® Q.2
1 5

2 .. E:Emv Q.3
-.% Errorin K.E.
= % error in mass + 2 X % error in velocity

=2+2x3=8% Q.4
(2)
) Q.5
Number of significant figures are 3, because 10° is
decimal multiplier.
(2)
V= ilrrr3

3

.. % error isvolume = 3x% error in radius
=3x1=3%
(3)
Mean time period T = 2.00 sec
& Mean absolute error = AT= 0.05 sec. 6
To express maximum estimate of error, the time Q.
period should be written as (2.00+ 0.05) sec
(3) % error in velocity = %error in L + %error in t

=02 100+ %3100 Q.7

138 4

=144+75=89%4%

OBJECTIVE QUESTIONS

(1)
(1)

Kilogram is not a physical quantity, its a unit.

(3
PARSEC isaunit of distance.
It is used in astronmiccal science.

(3)

S.1. unit of energy is Joule.

(2)

Sl unit of universal gravitational constant G is -

GM,M,
Weknow F= 5
R

Here M, and M, are mass
R = Distance between them M, and M,

F = Force
_ FR?* N-m?
MM,  kg?

So, Unit of G = N-m? kg

(2)

Surface Tension (T) :-

J J
T:—:—2

A m
So S.I. unit of surface tension is joule/m*2

(1)

dv
F=n|— |A
”(dx]



Q.8

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

kgm m/sec
> =1 xm
sec m

=n=kgm™'S*

(4)
Here p is specific resistance.

I pm

R=E =ohm="— =p=ohmxm
A m

(4)
(1)

Here i = current

A = crossectional Area
M =iA

=Amp. ¥

(4)
Unit of universal gas constant (R)
PV =nRT P — Pressure

V — Volume

R—ﬂT T at
nT — lemperature

_ N/m?xm®
mol.x K
n — No. of male

R — Univ. Gas. Const.

~ N-m
mol.x K
{n—m=joule}

= JouleK "mol *

(4)
Stefan-Constant(c)
Unit — w/m?-k* = wm2k*

(3)

S.1. unit of the angular acceleration is rad/s?.

o = angular velocity/time

(3)
1 o] o-1
Angular Frequency (f) =T M°LT

So, here dimension in length is zero
(2)

AM =mvr

[AM] =[MLTL] =[ML2TY

(2)

Q.17

Q.18

Q.19

Q.20

Q.21

Unit and Measurements

weber  ML*T?A™
metre? L2

magnetic flux density =

(4)
Find dimension in al options.
Here stress = Force/Area

M lLlT—Z
L2
stress = [M1L1T]

(4)
VT LI S
Ix!x—xV Q AT
)
jd_xzans-nl[é_l]
v 2ax — x? a

L.H.S. isthe dimensionless as

denominator 2ax —x2 must have the dimension of [x]?2
(~-wecan add or substract only if quantities have same
dimension)

L [Veax—x*] =y

Also, dx has the dimension of [X]
XdX . . . .
. —m ishaving dimension L
Equating thedimension of L.H.S. & R.H.S. wehave
[a =MOLTO
. X . .
{ .. sint (g— j must be dimensionless

“n=1
2ma 2B/
1= |5 a7 =2

&l B
[a] = B B
[a] =L

(2)

[V] = [k] [ka pb gc] = LT1= LaMb L—Sb LeT2
= LT = Mb La—3b+c T2

= a=%b=0,c=%

so, vZ=kgh



Unit and Measurements

Q.22 (4)
By checking each option. AA = ATZ + Ab

A b
2
V_Z_m M _ 01 001
rg [T 2] 10.00 ~ 100 ~ 1.00
L2T2 [ 1 ] 2
W—[M"L"T"] = AA =10.00 {155 " 100 ) =10.00 {750
Q.23 (1) =+ 0.2 cn.

G =6.67 x 10** N m? (kg)~
= 6.67 x 10 x 10° dyne x 100? cm?/ (1032 g?= Q.28 (4)

6.67 x 108 dyne-cm?-g2
X -[5%) -l
024 (3) Ain 100 100|~
W
P:T Q.29 (2
Watt = Joule/sec.
Joule = Watt-sec. m
One watt-hour = 1 wattx60x60 sec
1 Hour=60x60sec. = 3600 watt-sec I
= 3600 Joule
= 3.6 x 10° Joule p:m:m
v /3
.25 1
Q ( .) . Am Al
Given Given: ?:i 2% =+2x 102 7=11%
P = 10° dyne/cm?
_ =+ 2
nlul - nzuz 1x10°
0y ML T2 | =10° MBS T;? | Ap _ Am g Al
p m 14
1 -1 -2 =2x102 +3x10?2=5%x 102 =5%
v T,
1Lk 1 Q.30 (1)
1 -1 l
—10°| = || L 9=4n* 2
1000 | | 100
Al
102  =2% =+2x10°
=10°x—==10° N/ m’
10 AT
Q26 (2 T =*3%=+3x102
p = 2g/cm? A
nu, =nu, :>§:%£+—2$T
[MlLlJ Z[ML ] =2x10%2+2x3x102 =8x102=+8%
_ 1 -3
M, L, ]° _[10° (107 Q3L (2
= wm L] 91| T At=02s.
t=25s
= 2x10°x10° t AT At 0.2
= 2x10% Kg/m? T:N:? =5 :2—.5:0.8%
Q27 (1)

A =/¢b =10.0x 1.00 = 10.00



Q.32

Q.33

Q.34

Q.35

(1)

5mm

5mm

10 mm
v =/(bh
Av Al Ab Ah
— + +

v 14 b h

- E.;.E_FE - E:is%
10 5 5 10

(4)

AX

22 _19% =102
X

AY _ 396-3x10°2
y

AZ o= 2x10°2
Z

At Ax  2AY  3Az
a_ar, 29, =
t X y z
=107 +2x3x 10?2+ 3x2x107

At
=13x102%2 .. %erorint = T x 100 = 13%

(3)

D =(4.23+0.01) cm
d=(3.89 £ 0.01) cm
At=(D -d)/2

_ (4.23+0.01) - (3.89+0.01)
- 2

_ (4.23-3.89)+(0.01+0.02)
N 2

= (0.34 + 0.02)/2 cm

=(0.17 £ 0.01)cm

(2)

m=1.76 kg

M=25m

=25x 176

=44.0 kg

Note : Mass of one unit has three significant figures
and it isjust multiplied by apure number (magnified).
So result should also have three significant figures.

Q.36

Q.37

Q.38

Q.39

Q.40

Unit and Measurements
(2)
R,=(24£05 Q
R, =(8+03)Q
R,=R *+R,
=(32+08) Q

(2)

Al =0.5mm

N =100 divisions

zero correction = 2 divisions

Reading = Measured value + zero correction

0.5
= (8 x 0.5) mm + (83 -2) x 100 -

=4 +81 x o5
=4 mm 100 mm
= 4.405 mm

(4)

Al =1mm

N = 50 division

zero error = —6 Divisions
=-0.12mm

Diameter = Measured value + zero correction

1
—3><1+(6+31)x§
=3+0.74=3.74 mm

(1)
D=2x1+5x 22 _ 505

= 100 = Z. cm
(2)

4
Volume of a sphere = 3" (radius)®

4 3
:—ﬂ?R
or V 3

Taking logarithm on both sides, we have

4
IogV:Iog§n+3IogR

Differentiating, we get

AV 3AR
_:O+_
\% R

. AR
Accordingly, R =2%

AV
Thus, v =3x2%=6%



Unit and Measurements

JEE ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q.2

Q.3

Q4

Q.5

Q.6

Q.7

Q.8

(B)

Solar day — Time far Earth to wake a complete
rotation on its axis

Parallactic second [1 Parsec] — It is a distance
corresponding to a parallex of one second of arc.
Leap year — A leap year is year (time) Containing
one extra day.

Lunar Month — A lunar month is the time between
two identical view moons of full moons.

1 Lunar month = 29.53059 days.

(B)

Unit of impulse = = Impulse = Force x time

m m
=kg SeczseC:kgg =mv

The unit is same as the unit of linear momentum.

(D)
Energy W =f xd=Nm
W = eV = electron-volt
W = p x t = Watt hour
So, kg x m/sec? is not the unit of energy.

(D)

Radianisaunit of Angle.

©

Dimensionless quantity may have a unit
Ex. Angle Unit - Radian

Dimension — MeL°T®

(©

Only same physical quantities can be added or
substracted,

It'sonly multiply and divided only.

So, a/lb denote anew physical quantity.

©
They Can't eadded or Substracted in Same expression.

(D)
Plank Const. (h) —
E=nhf

2 T2
IR V%

=l

Unit - JS
Dimension = ML2T2 x Tt = ML2T+1

Q.9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Thisis also adimension of Angular momentum.
=mvr
=MLTL=ML2T?

(B)

P =P, Exp (-t

Here Exp (—at?) is a dimensionless
So, dimension of [at?] = M°L°T®

MOLOTO
&): [ ]_ Tz
[o] = MeLoT2
(C)

By Checking the dimension in all options
(C)Moment of Inertia= Mr?

=ML2T°

Moment of force=r x F

=L x MLIT-2

= ML2T2
(D)
Action = Energy x Time=MWL?T2x T?
=MIL2T?
It is same as dimension of Impulse x distance
=MLTx Li=MiL 2T

(A)

M2L2T2 is a dimension of kinetic energy.

©

By checking the dimension in all options
[Pressure] = MILT2

(B)

2
M°G?
=[MOL°TY]

Dimension of Angle = [M°L°TY

JEmvr, J=[ML?TY

(©)

v=a+ L
t+c
Same physical quantity can be added or substracted.
Dimension of a
[v] =[at]

[v] LT

[a]:m_ T =LT

Heret + cisalso aTime (t)

o[}

(o] =[V] [] =L T*xT*



Q.16

Q.17

Q.18

Q.19

Q.20

[b] =L

©)

x(t) =2 [1-e]
o

Dimension of v_ and a
Here e is dimensionless so,
[a] [t] =MeoLeTe
M OLOTO
[a] = =
[a] =MeLoT?
Herel-e* is a number

=T*

(0] =
o

[V =[LT)
[V ] =MeLiT

(D)

F=Pt!+at

Here F and Pt is a same

Physical quantity
[F]=[Pt?]

(Pl =%=[Fxt] =ML T2xT = MLT™
We find it is same as dimension of momentum
MLT

(D)
Y =asin (bt —cx)
Dimension of b
Here bt is dimensionless
[bt] =MeLeT®
MOLOTO
[b] = ———
[T]
It is adimension of wave frequency.
(A)
Dimension of b = M°L°T!
Dimension of ¢
[cx] = MeL°T°[Dimension less)

— M OLOTfl

(=M LLlT ~ MOLT
%o, Dimensionof | 2 |=MoE T _ peLir-
, Dimension of | |=5 5o =

(©

2ke .
Here ,/1+— isanumber.
ma

Q.21

Q.22

Q.23

Unit and Measurements
It's a dimensionless quantity.

|:2_M:| _ [MoLoTO]
ma

[k - il
[]
1 142
— M tlT — M1L0T72
So dimession of [b] is

ma MLT?
bl=|—| =
o) ]
[b] =L
unit of b is metre

(D)

F .
o =W9n(ﬁt)
Here sin (Bt) is dimensionless.
[Bt] = MeLoT®

M OLOTO
B = Tl = |:T71:|

M 1L1T72 M 1L1T72
[T ]2 T
fo] =[MLT]

(D)
L o FAT
L=K FA’Te ... (i)
MeLITe = K[MWLIT2] [LAT2)P[T]°
MeLiTe= K[Ma] [La+b] [T—Za—2b+c]
By comparesion and solving we find
[a=0] [b=1][c=2]
Put these value in Equa. (i)
[L =F°AT?

(B)
Fa Avp
F =KAaype
= K[LZ]a[LlT—l]b[MlL—3]C
E = K[|v|c|_2a+b—3c T—b]
M lLlT*Z = K[MC L2a+lk3CT4J]

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



Unit and Measurements

Q.24

Q.25

Q.26

Q.27

Q.28

2a+2-3=1=a=1
So F=Alvigt
- F=Av%p

(B)
Vaipg
v=KkA2pPg°
[MoLlT-l] - K[MoLlTO]a[MlL»BTO]b[MoLlT»Z]c Q29
[M oLl-I-—l] — K[M bLa—3b+c-|——2c1
Comparing both sides
b=0

1=-2¢c C—l
= = 5

l1=a-3b+c
1=a-0+1/2

1
a== — 1/201/2
> V =KA"“q°g

squaring both sides
VZ=Kkgh

(B)
F=KAdv* Q30

MILIT2=K[L?] [ML3] [LIT Y

MILIT2=K[MIL T

By comparison of power

—1+x=1=>x=2

(B) Q.31
V = gp ha

V =Kgrh

(LT = [LAT2PILe
LiTl=LpPaT

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

p =12, g=1/2

(D)

gacagbpc

f - kcagbpc

[MOLITO) = K[LITY2[LIT 2] [MIL 1T 2]°
M OL 1T0 - K [ M cL a+b-c'|'-a—2b-20]

By comparison of powers

a=2

b=-1

c=0

So, ¢ =c¥g

Q.32

(D)
Unit of length is micrometer
Unit of time is mirosecond

~ _ Displacement
=+ Velocity Time taken
10°m
= T = m/%c
107 sec
(A)
nlul = nlul

n,[MILT® | =1 M3L5T,° ]
1 2 -3
M 2 L2 T2
n=|—2||-%||2*
Ml Ll Tl
ZIETE
RERIENRE!

~20x100
5x5x5

n, =16

16

Unit of power in new system = 16 Watt.

©
10%(N) = MILIT=
10° = [M]* [109)* [100]

10°
10° x (100)

(D)
g =10 ms?
nlul = n2u2

0L, T[] =n,[LT[T.]
sl

n —10 L [T
2 1000 | | 3600

n, = 129600

2

(©

In new system

Length > m2m

Velocity — m/sec. 2m/sec

Force — kgm/sec? 2kgm/sec?

-+ Momentum (P) = mv = kg m/sec.
m m

P=kg——><——><§§
seC m SsecC



Q.33

Q.34

Q.35

m m

P=kg—L x— 1 __
g 2><(m/sec:)

SeC
In new system
2
Plz(Zkg szx ( m)
sec’ ) (2m/sec)
P'=(2kgm/sec) = 2P
So, Here unit of momentum is doubled.

(D)

2

, m
Unit of Energy = kg

$C2
m
= (kg 5 jx (m)
Sec
Now unit of force and length are doubled.

J(Zm) _ 4kg

m2

sec?

= (Zkg mz
sec

is 4 times.

(©)

K.E.:lmv2
2

So, Unit of Energy

Dimension = M*L2T-2
Now M.L are doubled

= (2M)* (2L)? (T?) = 8 ML?T?
So, K.E. will become 8 times.

(B)
Take small angle approximation

Sin 0.50° = 'R

m

«® __D
180 384000

D = 0.50x —— x 384000
180

D =3349.33 = D ~ 3350 km.

Unit and Measurements

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q1 (A)(B),(C), (D)
AllA,B & C areobvious.
Q2 (A)(B) (D)
It isobvious
Q3 (O, (D)
By checking dimension in each option
Pressure =£=%=[M1L1T2]
Energy per unit volume = Energy _[M'LT]
“Volume  [L7]
[MLAT
Q4  (A)(B) (O
I L K
NI Era
So, unit of o will be m?s>
(weber) (Q)*(Farad)? Tm2.Q%F .
Tedla ) T = meg?
Q5 (B)
Q6 (A
Q7 (©
[f1=[A][t]
=[B] [)?
1
=[C] H
Q8 (O
Q9 (D)
Q.10 (B)
[C] =[] [} =ML°T*
[kr] =1
=[k]=L"*
Q.11 (B)
Q.12 (O
Q.13 (D)
m = h*¢YG?

=M= (|\/| LT —1)x (LT —1)y (M‘1L3T —2)2
| =heG? = L = (ML2T ) (LT “)Y(M-LL3T -2):
t=hoG? = T=(ML2T Y)* (LT )Y (ML3T ?)2



Unit and Measurements

Q14 D->Q—->0©.0—->0O—=>@@. 03 —>(F) >

(b), (4) = (R) = (d)

fgmm 1A
r? B -

T2
[Torque] = [f] [d] = MLTL = ML7T~
[Momentum] =[m] [v] = MLT

A MLt

[Pl= (o] = 2 =MLTZ.

Q.15 (i) > (Q) - (d), (i) > () - (b), (i) > (U) >
(), (iv) > (R) = (@), (v) = (T) = ()

(Vi) > (P) = ()

(i) U=cAT*=[o] =

=MT=K~
(i) AT=b=[b] =[A] [T] =LK

(il F=6nnrv=[n] =

. P ML*T?
(ivyi=— =

A= =MLeTs

1 [E]
(V) Energy = 5Mi= [M] = oy =MLT?A%

[ul B __ . _[B[V]

M) v = 2] =0 = )

F

Also,F=qVB =B= E

= (F)’[V]

Hol = [q2v?][U]
NUMERICAL VALUE BASED

Q1 625
[E] =mL2T-2

=MLT2A2Ans.

[l MLT?
(vl = L7t

_10| g T 1m T{l%c
100gm | | 200cm | | 5sec

B 2
_ 10[1OOOgm [100cm} (5]

100gm || 200cm
1
= 10X10XZX 25=625 Ans.

10

(Ul wmLeTe
[AIIT] ~ 12k*

T

=ML T

Q2 4
Focve
oc pP
oc A
= F=kv3p?A¢  k:dimensiona constant.
By dimension analysisa=2 = F oc V2
Q.3 0008
P=k o?p®/°
= ML2T= = (T2 (ML3)° Le
= a=3
P ol
Q.4 0002
a” [al[t]
{A } =1l= W =l=>x=2
Q5 [3
2+-2
vi=MET T pierea
AT
KVPY
PREVIOUS YEAR'S
Q1 (O
o =hkfcr

o — Stefan boltzmann constant
h — Planck’s constant

Kk, — Boltzmann constant

¢ — speed of light

According to stefan’s law

Q

= =cT*
At

Q 1

At T
ol [MleT’Z]
T

& E=hv

_ [MlT’aK’ﬂ

[ = [M°L7T]
(] =[LT

3
E=—kgT
5B



Q.2

Q.3

Q.4

) |:M1L2T—2:|
= [kl = T
(K] =[ML°T?KT]

According to homogeneity principle of dimension
[MIT3K ] = [ML2T]* [MIL2T2K]P [LATY)

on comparing powers of M, L, T, K on both sides

= a+p=1 (1)
200+2B+y=0 ..(2)
—-a-2p-y=-3 ...(3)
—-pB=-4 w(4)

= B=4
o=-3

Putting valuesis equation (2)
2(3)+2M@+y=0

Ans.

(1)

\4 p : b.c
. k( Ej nr
V — volume

P — pressure

1 — coefficient of viscosity

r — radius

Using dimensional analysis

[|V| °L3T’1] = [M 1L—2T—2]a [|V| 1L’1T’1] b [L]c
[|V|°L3T’1] = [Ma+b L—Za—b+cT—2a—b]

a+b=0 .. (D)
—2a-b+c=3 ...(2)

a=-b

—2a-b=-1 ..(3)

put the value of —-2a—b = —1 in equation (2)
-1 +c=3

c=4

put a=-b in equaiton (3)
2b—b=-hinequation (3)

anda=1

hence option (A) is correct.

(B)

A=G*MPCr

[MOL2TO) = [MIL3T 3« [M]P [LTY)
—o+pP=0=a=f

Bao+y=2

20 —-y=2

on solving

a=2,p=2,y=-4

(A)
P =[ML2T|

Q.5

Q.6

Q.7

Q.8

Q.9

Unit and Measurements
K, =[MLT2T9
m=[I L7
®= [T]
C=[LTY
S [MLPT] = [MLTA<][IL2Y [ T2 [LT
x=1,y=2,z=4,u=-3
(©

[m

< <«

[MLT3I
(1L
=ML?T?
m,=M

c=LT?

g, =M L3T?

-

p
E
J
h

h2
T PT mee?
(B)
1° = 3600 arc sec
average change in orientation per year

% degreelyear
180x 3600

10°
=18x0.36
= 6.48 seclyear
Closest option (B)

(D)

[T']= [mPL=T22 mPL=3*m°T—2]
[T’] = [ma+b+c L+3b T—Z&Zc]
atb+c=0

-a-3b=0

—2a-2c=1

Onsolving

(A)
Precession mean
every time reading is coming nearly same.

©
ForceF=10.0+x0.2N
a=1.00 + 0.01 m/<?

F
F=ma=m=—
a

100

M= 100

11



Unit and Measurements

Q.10

Q.11

Q.12

12

m = 10.0 kg
For error (F = ma)
mat F1 = const.
dm da dF

_t =

0 . .
mt a2 E [Takelog and differentiate]

Am |AF  Aa

m F a

max

am_[02 00
m |10.0 1.00

Am:im
100

Am= 3 x10kg
100

Am=0.3kg
mass m = (10.0 £ 0.3kg)

©

A=/B
dA=/¢dB+Bd/
dA_/dB Bl
A (B (B
dA dB dr
_——=——
A B

_005_ 005
305 395

= 0.016 + 0.012
=0.028 x 12.05
dA =0.33
12.05 + 0.34

(D)

X = 0.3 cm — 3 x scale division of vernier calipers

9
=03cm-3x 100

_30-27
100

_ 3
~ 100
=0.03cm

(A)
Invernier Callipers, given that
10V.SD. =11 mm

1VSD—E =11
SD.= 75 mm=11mm

LC.=|1M.SD.-1V.SD.|
Magnitude of L.C. = 0.1 mm

Q.13 (A)

Student A : Length of scale=25m

Least count = 0.5 cm = 0.005m
Student A can measure the length of 9.5m by using the
scale only once so there will be an error of 0.005 min
9.5m

. 0.005
Relative error = E: 0.005

. Length of scale : 1m = 100 cm

Least count = 0.05 cm
To measure 9.5m, student B has to use this meter scale
atleast 10 times

Student B

. .05
.. Relative error = 100 x 10 = 0.005
Student C : Length of scale: 1 foot = 30.48 cm

Least count = 0.05 cm
To measure 9.5m, student C has to use this scale
approximately 31 times

Relati - 2% x 31 =0.05
ive error = -7 0 =0.05cm

Relative error is least for Student A.

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

(1)

KE=M1L2T2
pP=MILIT?
h=MIL2TL
v=MIL2T2C?t
(4)

1 e_2 Ke®xA*  Fxan E _
Ateg e = 22xhc - E - B dimension
less
(2)

K isdimension less so KT = Bx?

KT B
= MIL2T2= pL2
B:MlT—Z
w=a?xp
MIL2T2= 02 x M1T2
a=L



Q.4

Q.5

Q.6

Q.7
Q.8
Q.9
Q.10
Q.11
Q.12
Q.13
Q.14

Q.15

4
E [M71L72T4A2]
TVl T [MAT®AY
= [M-3L-3T7AT]

[A]

(1)

2

= dimensionless
oKT

L2
— =
KT

2
VM
work = a - B2 - (dimensionless)
MILIT2. 1= M—1T2B2

. [3KT
'™

o= =L2MIL2T2=M1T2

2
V..M
3 =KT
ﬁz MlLlT—Z
[25]

4
AT =100 x - rd

—100x4—n>< i>< 109=10-8 cm3
) 2 40 Bt

< Tt
t =25x10"cm
=25x10%m

t,=0.01t, =25x 10" m
=25

(4)

(4)

[13]

(2)

(1)

(1)

(1)

(2)

(4)
E=ML2T2

L=ML2T?
m=M

Q.16

Q.17

Q.18

Q.19

Q.20
Q.21
Q.22
Q.23

Unit and Measurements

G=M1IL?T2

2
p__EL
MSGZ
(MLT?)(M2L'T?)
[P]= =M°LT®
M5(M72L6T74)
(3)
Least t (L.C _05
count (L.C) 50
0.5 0.5
ing =5+—x20——x5
Truereading ) X ) X

0.5
=5+—(15) =

50( ) 5.15mm
Option (3)

(1)

[52]

9MSD =10VSD

9x1mm=10VSD

S 1VSD =0.9mm

LC=1MSD-1VSD=0.1mm

Reading=MSR+VSRx LC

10+ 8 x 0.1=10.8 mm

Actua reading = 10.8 — 0.4 = 10.4 mm
. d 10.

radlus—2 > =52mm

=52 x 102 cm

(2

[M]=K[F]2[T]°[V]°

[Ml] = [MlLlT—Z]a[Tl]b[LlT—l]c
a=1,b=1c="1

M =[FTVA

(1)
(3)
(1)
(3)
1
least count = 100 mm.

+ve error = +0.08 mm.
Measured reading (Diameter)

1
= 72 x —
1mm + [ x 100] mm

Original (Truereading) = 1.72 — 0.08 = 1.64 mm
So original radius = 0.82 mm.

13



Unit and Measurements

Q.24 (3) Q.28 (2)

/ Positive zero error = 0.2 mm
T2_4n2[g} Mainscalereading=8.5cm
Vernier scalereading = 6 x 0.01 = 0.06 cm
, Fina reading=8.5+0.06 —0.02=8.54 cm
s
9 9 Q.29 (2)
2
s Al 2AT _ At
LA a8 Y 2
g T T
1 2(10x 103 1
:LTnm+ e )}Xloo Ag_AL AT D45 200
= 1.12%
0z @ ag_1 .1
(n—-1)a=n(a) g 100 50
._ (n-Da P x100=3%
n
L LC=1MSD-1VSD
= (a—a)cm Q30 ()
n-la
a- (07D R_PL_V
n A
_ha-nata_a__ AV md?V [A_“dz]
n n VTV 4
10a)  Ap_2Md AV Al A
"y T d Vo
Ap 001) 01 001 01
: p 500/ 50 200 100
AR AV Al A
& 00=—-= 1OO+TX1OO =2 = 0.004 + 0,02 + 0,005 + 0.01
2 0.2 Ap
% error in R = 5X1OO+EX1OO o =0.039
%erorinR=4+1 Ap
% error in R = 5% % error = ? x100 = 0.039 x 100 = 3.90%
Q27 (4) Q.31 [34]
_ Stress E mg.L 4 s
"~ Strain - Al nR%/ Qu=zm
AY Am AL o ﬁ & taking log & then differentiate
Y om LR d_V_3ﬂ
V
e G B I
: : = ~100% =34 %
1 1 1 14 5
= —+—+1+—-=—=14%
© 10 10 5 10 Q32 (1)

14



Q.33

Q.34

Q.35
Q.36

(1)
(3)

11

1
Req
i=—+—:> Req =20
R, 4 4

ARy _ AR, AR,

Also =
R; R? R}

AR, 8 4 12

=—4—="
4 16 16 16
2R, =030
R =(2+03)Q
eq
[14]
(3)

JEE-ADVANCED
PREVOUS YEAR'S

Q.1

Q.2

Q.3

Q.4

(©)

1
(U= SKT = ML= [K] K = [K] = ML?T-%K

dv MLT?
= A— - ———
(@F=n X [n] 7 T

() E=hv = ML2T2=[h] T* = [h] = ML2 T

=ML T
dQ KkAAD _ MLATEL
O T

3]
d=k (p)*(S" (f)

EES=IE

O=a+b

=MLT3K?

1=-3 = l
=-8a=a=-3

1
So b=

3 =n=3

Q.5

Q.6

Q.7

Unit and Measurements

E
— =B
We have C

E -
LIBl= gt BT S E e
©)

1 1
Wehave C-= m L[ = Lo EJ

ey L
= L= Tuglle,]

= [Mg =[M] =[eo I [LIZ[T]

(A,B,D)
Mass = MOLoT®
MVr = MOLOT®
Ll
Mo L= MoLeT

L= L. (@)
Force = ML1T2 (inSl)

=MoL+ (Innew system from equa-
tion (1))

=13
Energy = ML2T2 (InSl)
=MoL+ (In new system from eguation (1))
=L
Power = En'ergy

Time

=MIL2T3 (ingl)
= MOL2 ¢ (In new system from equa-
tion (1))
=L

Linear momentum = ML1T (in SI)

= MOLIL 2 (In new system from equa-
tion(1
t L7(1 )
(A,B)
GivenL=x> ... (1)
LT =xt ?2)
LT2=x 3)
MLT?=xs ... )
MLT?2=x" ... %)

1
Q =T=x**
B
From (3)

XCL

— _=xP
e

Sa+p=23 (A)

15



Unit and Measurements

Q.8
Q.9

Q.10

Q.11

Q.12

16

From (4)

M=xa$

From (5) x4=x" x*#

otr—g= .. ©)
Replacing value ‘o’ in equation (6) from (A)
2B—p+r—q=P

= pto—=p (B)

Replacing value of ‘B’ in equation (6) from (A)
20+2r-20=o+p

a=p+20-2r

(BD)

(D)

Main scale

T T T
0.8 mm 1 mm

1

0 10

20VSD =16 MCD

1VSD =0.8MSD

Least count MSD —VSD
=1mm-0.8mm
=0.2mm

(B)
¢ =52+1=53cm
€2=48+2=50cm

fiN

(©)

Least t—%—001
count = 5 -0 mm

Diameter of ball D = 2.5 mm + (20)(0.01)
D=27mm

_M M
p_ =

M

vol 4 D3
4P
{3)

(@J _Am_,AD [@]

P M D "Up )

0.01

A

=£_ 3.1%
p

(A)

Q.13

Q.14

Q.15

ad=ar= o2
=AL= 75 MM

_ 4MLg

T oed?
{Ay] Y ,Ad
=== pad
Y o d
A¢ 0.5/100mm

error due to ¢ measurement -

0.25 mm
error due to d measurement
2><E

2A_d _ “"100 _0.5/100
d 05mm 0.25

So error iny dueto ¢ measurement = error iny dueto
d measurement

(B)
50VSD =245 cm

2.45
1VSD = ﬁ cm = 0.049 cm

Least count of vernier = IMSD —1VSD

= 0.05cm —0.049 cm

=0.001 cm
Thickness of the object = Main scalereading + vernier
scale reading x least count

=5.10 + (24) (0.001)

=5.124 cm.
(A,B,D)
R-r
T=2n Z—( )
5

InT=In27r\/z+1In(R—r)+£lng
5 2 2

Ag_,AT | AR+Ar
g T R-r

A9 100=(2x 292 | 1+1 ) 100
g 0556  60—10
=11.2% =11%

ﬁ><100=i><100=10%
r 10

£><100=%><100= 3.57%
T 0.556

Hence, (a, b, d)

(D)



Q.16

2dsind = A
A

2sin0
differntiate

d=

o(d) = % 8 (cosech)

a(d) = %(— cosecocot0)00

—ACO0SsO
2sin% 0

o(d) = 00

ACOSO
2sin%0

as 0 = increases , decreases

2nd Method

A
2sin0
md=/nXr-¢Nn2—-/nsind

A(d)
d

Fractional error |+(d)| = |coto Af|
Absoulute error Ad = (dcotf) A6

d cos0

2sin® sno

=0-0- L ———x C0SO(AB)
sino

cos0O

Ad =
sin?0

[8]
Observation —1
Let weight used isW_, extension /,

W, /A yAl,
= W =
y L = M L
0, =32x107 +
20%x10°
Observation — 2
Let weight used isW, extension /,
W, /A yAl
= ;. W = 2
Y=L = WaT T
0, =32x107 +
45%10-°
(W, —Wy)/L
Wy W, = “2 ) = y= YA(l, = 14)

Unit and Measurements

(ﬂj Aly+ ALy 2%x10°°
Y Jmax Tyl

25

y

Q.17 (D)
R, =28+0.01x7=287

~ 25x107°

Ay 2
— x 100% = —- x 100% = 8%
max

R, =28 + (8MSD —7VSD) = 2.8 + (8x 0.1 — 7 X

E =2.83
10)°?
Q.18 (D)
\F L
t=,|—+—
5 300
| 1 1
dt=t=—=L"2dL + (—dL
J52 300
| 1 dL
dt = dL + =0.01
2./5 /20 0
MEER
20 300
[ } 001
dL =
16
dL 3 1 15

—x100=—x—x100=—==1%
16

L 16 20

Q.19 (B)
(1-a

M= a+a)
A(l-a) N A(l+a)
1-4a) 1+a)
Aa Aa
= +
1-a) (1+a)
Aa(l+a+1-a)
~  (l-a)l+a)
2Aa (1-a) 2Aa
CATE o a)dva) (1+a)  (1+a)

)

17



Unit and Measurements

Q.20

Q.21

Q.22

18

©
N =Nge™
InN = InNO—M
aN _ ot
N

Converting to erros.

AN _ pat
N

A\ = 0 _ 0.02
2000x L
(N is number of nuclei |eft undecayed.)

[3.00]
d=05mm Y =2x 104" ¢ =1m
Fr mgl 1.2x10x1
Ay o Ex(5x10*“) x 2x10M
4 4
1.2x10
Al= 3.2

7x25><10_8><2><1011

~ 12 Y
0.8x25x2x10°  40x10°

so 34 division of vernier scalewill coinciclewith main
scale.

=0.3mm

[1.30]
515G
2C,+C,
cC
C —_

Let "¢ i c,
111
C,tAC, C,+AC, C,*AC,
Lc iac - CC+CAC,+CAC,
“ % C,+C,+AC, +AC,

Q.23

lZOO(li 12)
_ 1200

1+ 2
5000

=1200| 1+ (i L
100 200

AC
AU 100= 252,100+ 2AY 100
U C Y;

eq

:ixlOO—i- 2x 0'02><100
200 5

=1.3%

©
Given 10VSD =9 MSD
Here MSD — Main scale division

9
1VSD = 1OMSD

VSD — Vernier Scale division
Least count =1 MSD —1VSD

9
= (1 10) MSD
=0.1MSD
=0.1x0.1cm
=0.01 cm
As'0' of V.S. lie before '0' of M.S.
Zero error = {10 — 6]L.C.
=—-4x0.01cm
=—-0.04 cm
Reading=3.1cm+1xLC
=34cm+1x0.01lcm
=311 cm

True diameter = Reading — Zero error

=311 - (-0.04) cm=3.15cm



Vector and Calculus

| EXERCISES

)

JEE-MAIN
OBJECTIVE QUESTIONS
Q1 @
Qz

IP-QI<R<|P+Q]

IfP=10N & Q=6N

4<R<16
Q3 (@

Initial & final position are coincide.
Q4 (@

Rmin: |P_Q|

When angle between P& Qis180°.
Q5 (@

R.=(P+Q)

When angle between P & QisQ°
Q6

R?=P*+Q*+2PQcos6

R=13

P=5

Q=12

cos0=0

o

T2
Q7 (1
[ ry A
b
=
d El

Now direction one interchanged

N

o}

b,

ol

d
Changein direction but angle between A & B ischange
S0 no change in magnitude.

Q8 (4
P+0=P-0
2Q=0
Q=0
Q0
Q9 (4
Q10
AB=0B-0A
=2 -3j+4k—i—-j+k
=i—4j+5k
Qu @
2i-3j| |F=Fi+F]
Q12 @
AB=0 - ALB
AC=0 - AlC
If may be possible
AlBL1C
Than A must be perpendicular to Bx C -
Q13 (2
ABcos6=8
ABsin6=g,/3
tan 0 = /3
0=60°
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (@
0 will increase plan cos 6 will decreases.
Q2 (3
Net displacement must be zero.
Q3 (@

19



Vector and Calculus

Q4

Q5

Q6

Q7

20

IP-QI<R<(P+Q)

@

|A+B=A =B

A2+ B2+ 2AB cos0 =A?
2A2+2A2cos0°=A?
2A2+2A2cos0°=A?
2cosf=-1

ol

P=2cm

Resulting of A & B asohave sameunit 2 cm.

@
By polygon law for vector addition.

Q8

Q.9

Q.10

Q.11

Q.12

©)
R?= P2+ Q2+ 2PQ c0sB0°

7Q2:F2+Q2+PQ:> p‘z_6Q2+PQ:0

LR

P P P
= (64'3}[6'2]:0: 6:2

@

4m
37°
3m
5m

S

Displacement=0

)

R
120° 90°
[
150°
Q
P _ Q _ R
sin120° sn90° sin150°
P 0 E
oAl
2 2
P:QR=,3:2:1
@
A=i-2j+3k

B=4i +2]+3k=> AB =3 +4

A :3i+4j jv:10{3’i\+4’jJ:6'i‘+8'j\
5

AB
5

)



Q.13

Q.14

Q.15

‘ﬁz‘:‘ﬁz‘
¥
?
0
=
o — F,sind
F, + Fooss — *= 90

1
then F, + F, cosd =0 = cosb = _E
0=120°
@

H - H = dyne = 0= 120°
‘IE‘ = 2‘|E1‘ cosH /2 = 10 dyne

@
DisplacementBC= ./AB? + AC?

\/(r - rcosf)? + r’sin’e
BC=2rsin0/2

30°

120°

Angleb/w p g ¢ isO

so Resultant = \/PZ + 6% + 2PQcos 6

‘§‘2P+Q

Q.16

Q.18

Q.19

Vector and Calculus

(2)

o

O 1mile 2mile

Smile

D
}
w A 9mile
E
}
C

B 2mile

OD? = OE? + ED? = OD = +/3* + 4°> = 5miles

|Vf_vi|: 50\/5

@
P=F +F +2FF,cos0

F,

\Fl

Q?=F? +F? —2FF, cos0

P+ Q" = 2F +F)

_———- .
90°
90rQ
1

F. F=180-Q

¥
|a-b|= /a2 + b? - 2abcosh

21



Vector and Calculus

Q.20

Q.21

Q.22

Q.23

Q.24

22

O¥

60° 3
0=60° = |a-b|=1

@

G F

o3}

A

Start fromAtoF
AC?*=AB?+CB?
AC?=107+12?
AC?=100+144=244
ARPP=AC?+CF=244+196

AP2=440
AF=2099 = 21
€)
A+B=7i-3]

|A+B|-+/4a+9 =58
@

A-B=3i-k

A-B= A-B :3__k
|A-B| 10

@

B=xa

on multiplying with the scalar magnitude will change

if xis—vedirection of B change
if xis+vedirectionof B sameas 3

B & a arecolinear vector
@
A=2i+3j

B=] = AB= ‘KHE‘ coso

3
cos6 = i tan0=2/3 = 0 = tan(2/3)

Q.25

Q.26

Q.27

Q.28

(2

A=3+2j+8k
E:ﬁ+ﬁ+k
AB=|A||B|cosd 6=90°
AB=0
6+2x+8=0,x=—7
@

A=ai+a,
B=4i-3]
AEl=al+ai=1
(i)

AB=0

4a,-3a,=0

4a, =38,
..{ii)

16
(i) (i) —> & + -8 =1

, 9 3

a —1— a= g =0.6, 8220.8

5 1
(1)
By the defination of equal vector.
@

(AxB) LA

>

(/E\XE)J_B

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING

Q.1
Q.2

Q.3

Q4

(A,B,D)

(A,B,C)

By right handed co-ordinate system.

©
(Easy) x = 3— 32+ 12t + 20
=X e te12
V=g =3¢

t=0 = v=12m/s
D)

E _d_V_Gt 6
(asy)a_ dt_ -

t=0 D a=-6m/s



Q.5

Q.6

Q7

Q.8

Q.9
Q.10

Q.11
Q.12

Q.13

Q.1

(D)

(Moderate)a=0 = t=1sec.

v=3t2—-6t+12 =9m/s

= E+F, = 2i+5]+4Kk
B)
KR
co=7=, =, = 0=cos?
IREIIF |
©
I4:1'_.2 6
F, cosd = IEI ‘E

(A) » 1. (B)—>p,(C)—>a (D) »s

(A) ISGCX tanx dx =secx +C

B) jcosec kx oot kx dx =

©) jcosecz kx dx =—

sinkx
k

©) [ cos ax= +C

coskx

k

k

cot kx
+

+C

(A) >q,(B)>r,(C)—>p,(D) —>s
(A) | A +B| =A?+ B2+ 2AB cosd

1
AZ=AZ+A2+2A%2cosH cosf =— = 6 =120

(B)F,~F,<R<F +F,

HereF,~F,=4andF,+F,=12

A-B

2

0
= = = = 0
(C) cos 6 |A|+|B| >J2%3 060=90

(D) A+B = 2 +]+3k

|A+BEN22+1+3 =414

NUMERICAL VALUE BASED

(1

(Given |A|=3)
- -
|A|—|B| =2
- -
IB| > |A]

Q2

Q3

Q4

Q5

Q6

KVPY

Bl =1

(1]

— -

|A|*+B| =5
2+|E|=5

|B| =3

resultant of |Z| and |E|
- -
|B|—|A|=8-2=1
(2
\71V2=0:>t=2860

(1]

d2r
dt?

2=
a

Vector and Calculus

?and 3 areperpendicular if 7-a=0

(1]
(Given|A|=3)

|A|-1B|=2
|B|=1
[1]
|A]+|B|=5
2+|B| =5

resultant of |A | and |B|

|IB|—-|A|=3-2=1

PREVIOUS YEAR'S

Q1

23



Vector and Calculus

JEE-MAIN
PREVIOUS YEAR’S

Q.1

Q.2

Q.11

Q.12

Q.13

24

= —-a—-Ta

= -83=-8(0A) =8A0 =8(A0)

[180°

Pxg=gxponlyif p=0or g =0oranglebetween
themisQ° or 180°.

s 6=180°

(4)

(4)

(3]

(4)

(2)

(2)

(4)

©)

(2)

A=P+Q

B=P-0 PLO

|AEIBEP*+Q’

|A+B = y/2(P? + Q?)(1+ cosb)

For |A+B|=3(P* +Q°)

0,=60°
For |A+B [ +/2(P* +Q?)
0,=90°
@
(1)
¢ A
457 30
(e} 60°
B

Let magnitude be equal to A.

OA = x[co5300f+sin30]] =
OB-= k[c05600f—sin60]] =

06 -1 [eosto () ans] - - £+ ]

-~ OA+0OB-0C

42 2 2| . a|N2-6-2
|2 2 |51

4 {1-@—&}
V3+1++/2

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

(D)
S$=P+bR =P+b(Q-P)=P(1-b)+bQ
[2.00 seq]

@t

>

|A+B= 2acos%t

ot

|A+B|:2as’n2

ot .ot
So, 2ac0s~ = /3 (235'”7j



Kinematics

| EXERCISES

ELEMENTARY
Q1 (1
T = 20i +10j

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

S r=+/20+10% = 22.5m

@

Total time of motionis2 min 20 sec = 140 sec.
Astime period of circular motionis40 sec soin 140
sec. athletewill complete 3.5revolutioni.e., Hewill be
at diametrically opposite pointi.e., Displacement = 2R.

f\% the total distance is divided into two equal parts
th , 21V,

erefore distance averaged speed = ViV,
S

Total distance to be covered for crossing the bridge
=length of train + length of bridge
=150m-+ 850m=1000m

_ Distance 1000 — 80sec

 Velocity 45% 2

18

Time

©)
Fromgiven figure, itisclear that the net displacement
iszero. So average velocity will be zero.

@

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

Fornext10sec, S,= (1Oa)><10+%(a)x(10)2

§=10a .. (i)
From (i) and (ii) S, =S/3

. F
a=—..If F=o then a=o,

@
Fromv2=u?+2aS
=0=u?+2aS

w2 —(20)
~a=_9 (20) =-20m/s°.
2S 2x10

Q9

Q.10

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

)
@

Constant velocity means constant speed as well as
same direction throughout.

@
Soc P If ubecomes3timesthen Swill become9timesi.e.
9%x20=180m -

)

Xoct® - x=Kt3

dx 2 dv
v _3kt2gng a= Y = 6Kt
" and &=y

i.eooct..

)
u=12m/s,g=9.8m/sec? t=10sec

1
Displacement = ut+§gt2
1
= 12><10+Ex9.8x100 =610m.

@

A body A isprojected upwardswith avelocity of 98 m/
s. The second body B is projected upwards with the
same initial (4) Let t be the time of flight of the first

body after meeting, then (t - 4) sec will be the time of
flight of the second body. Since h, = h,

98t—%gt2 = 98(t—4)—%g(t—4)2

On solving, we get t = 12 seconds

©)

Vertical component of velocities of both the ballsare
2h

sameand equal tozero. So t = [— .
g

@

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

@
t= 2_h = t—l = ﬁ
Vg b \h,
@
The area under acceleration time graph gives change

in velocity. As acceleration is zero at the end of 11

sec
25



Kinematics

Q.18

Q.19

Q.20

Q.21

Q.22

Q.23

26

a i.e. v isdependent on time parabolically and parabola
B issymmetric about v-axis.
10 mvs’ and suddenly accel eration becomes zero. i.e. velocity
becomes constant.
A Hence (3) ismost probable graph.
0O t
. Lsec JEE-MAIN
i.e.v__Areaof A0AB
max OBJECTIVE QUESTIONS
= 1><11x10= 55m/s
2 Q1 )
@
Distance=Areaunder v -—tgraph=A; + A; + A; + A,
A B

@ 30
E20
= A,
. :
g 0 : Al A, >
1 2 3
Time (second) 4 Q2

- %xlx 20+(20><1)+%(20+10)><1+(10><1)
= 10+20+15+10=55m,

@
Region OA showsthat graph bending toward time axis
i.e. acceleration isnegative.

S
. 1
Areaof trapezium = 3 x3.6x(12+8)=36.0m,

@
Slope of displacement time graph is negative only at
point E.

@

M aximum accel eration will be represented by CD part
of the graph

dv _ (60-20)
dt 0.25

Acceleration = =160 km/h?

(©)
From given a—t graphitisclear that acceleration is
increasing at constant rate

% =k (constant) = a= kt (by integration)

Q.3

= N o dv = kit
at

= J.dv=kjtdt :v:l%2

Displacement = 2r
distance= nr

@

10 m
—
B

k&() '

10)

40,

C

0) <&
o S

Qo
¢ Ae—Iom——

Fly start from A and reaches at B.

B

10m

A 1042 C

AB:W =10/3m

@

FromAt Bt—ih FromB't At—ih
rom (0] = 20 I = From (0] o 30 r
< d . >

A t, B

< d — >

A t, B



Q4

Q5

Q.6

Q7

QS8

Q.9

Total Distance
. AverageSpeed ="+ __

Tota Time
_2d _2d
(it d d =  v=24kmh
20 30
@
Total Distance
Averagevelocity = T 1o time
2000 8oV
_ _ V =60
8= 1000 L1000~ 204V
40 \
@
V, = 2at
Vy = 2bt
V =2t/a? + b2
@
t=62.8 sec

in each lap car travel adistance = 2xR
=2x3.14x100=628 m
In each lap displacement of thecar =0

Average speed
_Total Dls.tance: 628 _10m/s
Tota Time 62.8
~ Tota Displacement
Average Velocity = =0

Total Time
@

1
2s=gt* = S=Eg'[2

©)

dx
V. = I (dop of x-t graph)

inst

At Ctang =+veAt E 6 > 90°(-veslop)

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

AtEvmis

©)
let the acceleration of the body isaand y =0

Q.10

Qu

Q.12

Kinematics

1., 1 2
— Zat’ ==a(10
then X, =2 2a( )
1 1 1
X, =Ea(20)2 —X, =X, =Ea(20)2 —Ea(lo)2
=%a(10)(30) X, :%a(SO)Z —%a (20)°

- %a(lO)(SO) .

@

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

Total timetaken whenfinal iszero.
a=10m/sec?

10m/sec

v=0

0=10-2t

t=5sec

X, X, X, =1:3:5

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, :%xaxlﬁ
S, :%anZS

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

27



Kinematics

Q.13

Q.14

Q.15

28

1 , Q.16
S :Eaxlo =50a

~Lavo0? - Lax10? =150a
2 2
S,=38,

@

Total Length of 2trains=50+ 50=100

Velocity V, =10

V,=15 Q.17
V,+V,=25

ti —@—4sec
ime o5

@
Ininclinedinitial u=0 Q.18

1
S= 3 at?anda=gsind

1 Q.19

| = Egsin(9XX(4)2

(i)

A
—==gsinot
4 Zg

(1))

From (i) and (ii)
t=2sec

Q.20

h:%g(tﬁtz)z (2)

From equation (1) and (2)

27 = (t, +1,)°

J2t, =t +t, Q2
2-t, =t,

t, V2+1

X

b= 21 V241
t,= (V2+1) t,

(3)
Acceleration for both is g

@
AtH ,v=0
Acceleration constant & it is due to gravity

ld =g

@
Horizontal Component of velocity
Becausethereisno acceleration in horizontal Direction

@
v=§=3t2—12t+3
dt

a- _g_12
t

a=0 = t=2sec

Vo =3(2)°—12(2) +3 =+12-24+3

=-9m/s

&)

From graph it is clear that velocity is always positive
during itsmotion

so displacement = distance

displacement = Areaunder V-t curve

1 1
= E ><20><1+20><1+E x1x30+1x10

= 55m

4

30° ot




Vo _tan30° Vv, 1/43 1
V, tan60° ~ v, 3 3
Q22 (4)

Total Distance=Area
under the curve (Position + Negative)

Q.2
:1><4><l+4><2+1><4><£—1><2><l—2><2—1><1><2
2 2 2 2
=2+8+2-1-4-1=6meter
Q23 (O
. AV
(acceleration) = Slope=—
At
OA —>E =1
10
Q.3
AB—0=0
BC—»—0_ 05
20
Q24 (2
Distance=Total Area
=105m
Displacement =90- 15=75m
(-vey asxisarea) - (-vey axisarea)
Q25 3
Equation of given sin curveis
X =-Asint
V= d_x =—A cost
dt
Y
/\ Q4
P <t
JEE-ADVANCED
OBJECTIVE QUESTIONS
Q1 (A
d/3,t, , di3t,  di3t,
V.=2m/s V,=3m/s 'V,=6m/s
< d >
t = d/3 _d
Now ‘1 _V1 6

Kinematics

3 9 6 18
, d 18
Average Velocity == 54 g =€=3m/s
6 9 18

®)

dx
X =5sin10t = Vy = o =50 cos10t

_dy _ .
y=5cos 10t = Vy g -50sin10t

2 2 2
Vv net=VX +Vy

Vit =+/(50)(sin®10t + cos?10t) =50 m/sec

B)
v=t?>—t =t(t1)

dv
a=—=
dt
Motion is consider as Retards
whenV & aarein opposite Direction
Case-1
Ifv>0thena<0
Butt?—t>0,t>1
anda>O0fort>1
so not Possible
Case-2
v<0,a>0
t?—t<0, 2t—-1>0

2t-1

te (01 t>1
€(0)), 5
1<'[<1

2

®)
Stone is dropped
so time taken by stone to reach the bottom of the wall

1 -
S h==gt
291

time taken by sound to comes from bottom to upper

h
end t, = ..(ii)

29



Kinematics

ime =ttty = |20 N 1
Total time =l + 1 = g v H:Egtlt2

Q5 (A
distance Travelled by (first ball) Q7 ©
2

1 fHpm =2 u=./2h

S=ut+ Eat2 max zg:> g
1 ) Given=5m =

:5><2+§x10x2 =30m H_ =5m

Relative Method

Velocity of first ball after 2 sec. t:g:\/Zgh _|2H

V=u+a g g g

V=5+10%x2=25

2x5
t= 30 = 2sec =4 10 =1sec
v, —25

in1min=60Badls.

Q8 (D)
1 v=Inx m/s(Given
t=2 sec ( )
lVl a= \:jdV :lln
30m X X
= F,=0
25 m/s —az0 =
v @ Xx=1m
30=2v;-50 = v, =40m/s Q9 (©
Q6 (D) F = 2sin 3nti + 3c0s3t]

a= (;—\: = 2sin3nti + 3cos3rct]

Y t

~ t A
Idv = Zj sin3nt dti + 3'[ cos3nt.dtj
0 0 °

2 2 3. 2
V= —g[cos&rt] & +§[sm3nt] ¥

17777, /////}/////////////

r t -
J'dx :J' ;2[c0537rt—1]f+ 1sin3nt]} .dt
| 31 s
1 (o) o
= - —qt?2 i
H=ut, thl (1) , = . L
Vvou+a ?=—§ Icos3nt—jdt]i+;J-sin3ntjdtn
Lo 0 0
(t1+t2) (i)
u=g U o ~ A
2 = 2z[sin3nt]gi+3£ti—i2[c053nt];j
From (i) and (i) (3r) T
Fort=1
H= 2 2+ 1e)-=gt? o
T 9 (1 12_291 L 2 2~
r=—|+—2]
3t 3n

30



Q.10 (B)
F=Be™

a:% ot = Idv = jie“dt

[o]

v:—mic[e‘d—l] =>Att=ow v:%

Q.11 (D)
Q.12 (D)

From graph
a=-AV+B

& __AviB
dt

IBf;V:Im

—In(B-AV)=At+c
c=-InB(When t=0,V =0)

- —In(B-AV)=At-InB

1 B
t==—In| ———
A \B-AV

Q.13

Q.14

Q.15

Q.16

Kinematics

AverageVdl. vector isalong the x-axisat point 'c’
instanteous vel. vector is along the x-axis.

(B)

Area

=0.4x0.2+0.4x0.2+0.4x0.2 +%><0.4>< 0.2+0.6x0.2
vZ-v?2=2ax

then vZ —v? =2 Area

vZ=0.8+(0.8)

V,=12m/s

(A)

(upward direction is+ve)

\Y,

SIJJC

u=+ve
a=-g

Vel. of the particle just before the collision with
solid surface eugal to just after polision with solid
surface.

(D)

Slope of v-t curve gives aceleration

Here slope of P, > slope of P, (a,, >a,,)

Relative velocity in their motion continousely
increases.

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1

(B,CD)

dv
a=—
(B)= ot

31



Kinematics

Q.2

Q.3

Q4

Q5

32

(© .\é Object is slowing down.

| —V
origin

(D)

the particleismoving towards origin.

(CD)
()

s

)

4—

v v
—ar' (V)T 45 . (V)T
v v
< W = (W

(AQ)
v=10-5t

)
v=0
Whenv=0att=2sec.

: 5t?
Max displacement = 10t—7

putt=2 = 20-10=10m
Distance traveled in first 3 seconds

1
= 1o+[0+5><5X(1)2J —=125m

(A0
(A) At the top of the motionv = 0 but a= —g.

dv
a=—
(A,B) at

v=0
a=-g

O

(©) If particleismoving with costant velocity

(D) No

(AB,CD)
X=oT2-Bt*

(A) O=ot—Bt = t=%

Q.6

Q7

Q.8

dX 2 20
= —= - v=0=>t=—
(B) v= g =201-3" = ¥

d2
© a= T;(: 20— 6Bt

whent=0= a=2a. ; v=0

(00
(D) Accelerationatt= 3—[3 ;a=0

net force=0

©

Area= rl) _x
2
I s
ity=——=—m/s
Av velocity %2 4
(A,B,CD)

(@ AtT (velocity changesits direction)
(b) slope constant

(¢) Upper area=Lower area

(d) Initial speed =final speed.

(A,CD)
E
FC 'S
A
(A) AtoF
_ Total Desplacement
Average velocity = Total time
__a v
5a/v 5
®) AtoD=2v "3
(© AtoC= a3 _ w3
2alv 2

a
==V
(D) AtoB v



Kinematics

Qe @) d 3140
e BEEIE

sin 37° = d= — | =8m
40-80 3
3
Q.14 (A
t 370_ i
TS
3_8
Take x-axis along motion of truck and y-axis - 4~ BC
vertically upward
N . sin53°=
Vpall/boy — (10 j)m/s 3AB
R 32 100
Vioyrg =(107)m's _3 3 _132_
= t 5 15 8.8sec
N
V pal/g = (10 +10)
Distanceof ball frompole Q15 (B)
2 g 2 , 1
_u“sn20 (107/2)? xsin90 D|stancetravelled:Are:§ x(10+5)x10=75m
’ ’ Q16 ©
=20m '
Q.10 (A) ma= |~10)(1000)kg|
2 =10000N
Maximumheight= —— =5m
=2 Q17 ()
eQu (©
At maximum height, velocity of ball ishorizontal. Q.18 (B)
Timetaken by ball to reach maximum height Particleisat rest whenv =0
_U_y_lo_ =t=0,andt=8sec
6= g =10 = 1% Q19 (©
Velocity of truck is AV
v=u+a Rate of change of velocity A_‘ =ismaximumin4to6s
=10+2x1=12m/s t
Q.12 (O 020 (A)
V=132 +4% =5m/s 1
X—(-15) =+ E x2x10
Q.13 (D)
x+15=10
X==5m
3m/s
Q21 (A

1
d_ = E(4.25+ 2)x10=3225m

max

tan 53° = 2 Q22 (A)
20 1
4 80 Distance=32.25m+ 3 x3.75%x10 =51m
y= 20x — =—
3 3 Q.23 (A)XR;(B)-PQ;(C)-S;(D)-PQRS

33



Kinematics

NUMERICAL VALUE BASED

Q.1

Q.2

34

d—V<0
(A)v>0and at or

dﬂ>0
v>0an it

Q3

ds
(B) E >0 or

av
v>0and — >0 or

dt

av
v<0anda<0 Q4

dv
© gt

(D) x>0,andv>0 or
x<0andv<0

isincreasing

Q5
EY

J'ads:J'vdv

x50x 50

N

V2
2
= v=50m/s

[0030]

1m?u

ASSESSSNY RO\

Q.6

14 m

ANNAVANNNN

For downward motion,
v2=1U2+2as= U2+ 2g x 15=u?+ 300

v=14/u?+300
Vu?+300

\'
for upward motion, u, = E = T Q7

02=u2-29x15 =

u’+300
. —— =300

S u=30ms?
[8m]

VZ=4+4x
a=2,u=2

1
S=ut+ Eatz =8m

[30km]
4t +12t,=x (t,=2hrgiven)
4 =x-24=12(t,-1)

3
12=8t, =t = Ehr
S0, 4t; =6km andx =30km

[750]

u,2 = 300

+/

Oty <

X
vdv _ J-(4— 2x)dx
0
2
= — =4x—x?
2

whenv=0,4x—x2=0
x=0,4

=7.5m/s=750cm/s

.. Atx =4, theparticlewill again cometorest.

[10]



Q.2

s=vt= < at?
2 a

v,=at=2v=10m/s

Q8 [

distance travelled
time taken

Average speed =

total area 10+20 30

=————=—=5ms

b= total time 6 6

change in velocity
time taken

Average acceleration =

o 10-(19 20
A
b = (5) (5) = 25 m/s

m/s?

Q.9 [0075]
0=u-10x1.75

1
u=175m/s=17.5x6— E x10x 62 =105—180=—75m

Q3
Q.10 [o08q
For max ht.
O=u-10t

t=1sec.

1
hmaX:10><t—§ x10xt2=10—-5=5m

-1
Shext 4 SEC = 7 x 10 x 42=-80m
dist.=80+5=85m
KVPY
PREVIOUS YEAR'S
Q1 ©

Sea

/ Q4
/ beach

In beach velocity is higher

.. beachisrarer and seais denser medium
Sowhenitgofromrarer to denser mediumit bend toward
normal to reachin minimumtime.

Kinematics

4 _( 1)

h= UXi—lgxu—

29 27 49°

Again diff. w.r.t. to time

2 2 2
§ﬂ+£(d_xj +ﬂﬂ+£(ﬂj:0
a xt® a*\ dt b? dt*  b* dt
accelerationat (0, b) is

(A)
() Letinitial distance between Pand Qisx

P Q

X

at tlzga receive the ball.

Next ball

35



Kinematics

Q.5

Q.6

Q.7

Q8

36

(1) in second case
at t = 0 P throws the ball.

1m/s
e
P Q
< X >
X
t, ==
13
Next ball
X-5
t,=—"+5 Q.9
23
At:E
3
(D)

From graph V first increases then decreases Hence a
is earliar positive then negative
a=P-qt

(D)

AV = const & AS increases with time

(A)
Magnitude of slopeisincreasing at point R. Magnitude
of dope of displacement-time graph represents speed

@

A

a=1m/s

>

+x direction

1
X = Ea{t2 parabolic for 0 to 4 sec
Q.10

[att=4secx = % x (1) (4)>=8m|
then after (v = 4 m/s)

v=4

2_1
dt

X—8=4(t-4)
X =4t — 8 (st. line)

X
N

(B)

85m

Sound

STC)

H
Time taken to reach sound after hit ts = v

H

<

¢ _( 85]
s~ 340) & t.=0.25sec
For ball timeof flight T,
T,+t=525sec

T,= 525-0.25

T,=5sec

For ball

Vot —%gtz =-H = V,(5) —%10(5)2 =85

5V,=40
V,=8m/s
(2)
-1
—-+h=- Ut + > g tlz
Point from ‘LU
1 where particle
h=Ut + 59 t?...(1) isthrown h
downward y
Y




1 1
Ut +Ut, = > -3 gt? (from1 & 2)

g

U +t) = 5 (-t Xt +1)

9

U= 5 t,-t)

2

. Max height =h + 29

u?

Point from >
where particle
isthrown h
upward

LLEELTETid iy

g gtl

("2"‘1)2
) }

N (@

j{ (toty —t2) + 1,7 +

N @

j{4t2t1 4% + 412 11,2 + 1,2 - 24t}
4

gj{tl +t,72 4 24t,)
2

d
(
(
ik

j(t1+t2)

%(tl+t2)2

Qu (A

v2=v2—2gh — parabola

Q12 (©
f=8 2t2—mﬂ
- B
Eﬂ—B 2t?
3dt

jdv=§j(8—2t2)

Kinematics

3
= 3{8t—2i+c}
3
Onputting at t =—2 sec v=-15sec
= C=2/3
Fiszeroagainatt=2secputtingtin (A)
Sov'=17m/s
Q.13 (D)
t=83s

t=0& 75s

At=83-75=0.8sec

T:E:
(O]

2x3.14
®

=15

_ 2x3.14
15

2x3.14

0 = wAt = x0.8~3.14 = nrad

So, displacement = 2R =2m

JEE MAIN
PREVIOUS YEAR'S

Ql

l

SVE=UE+ 2y

!
& V2 iaey= U+ 2 2

2 —2
SV e SUSta

vZ - u?
:u2+ 2

“ Viiddle = >

37



Kinematics

Q.2

Q.3

Q.4

Q5

38

[45m]
At the instant 2" particle is dropped 1% particle is
moving at 10 m/s& hasmoved for time 1s.

5m
* particle
H[ 2™ | 18ms
¥ 2 particle
Timefor particlestomeet, At= 2% = 2=
imefor particlesto meet, =V, “10° S

Timetaken by first particleto reach ground = 3sH
1
=5 9(3?=45m
2
@

F=—ax?=ma

—aX 2 dv

=V
m dx

(3ng JP’
X=| ———
20

(3) a
v=mt+Clv=mt-c :
dv dv : ‘t
—=m —=m

dt dt

(1 or Bonus)
For 0 <x <200
v=mx+C

1
- —x+10
V=5

a= V—dvz(fﬂoj[lj
dx 5 5

X
a= £+23 Straight linetill x = 200

for x > 200
Vv = constant
=a=0

a(ms®) 4
18
=
2

0 7200 400 x(m)

Hencemost approriate optionwill be (1), otherwise
it would be BONUS.

_ 2i+3j+5k
2
= {+15]+25k

-0+ %(f+1.5j+2.si<) (16)

= 8i+12j+ 20k
b=12

3
v,=at,and0=v,—ft, = v,=fpt,
t+t,=t

ve

Goal
Vo| —+—|=t
o P

_aft
o+
Distance = areaof v-t graph
1 aft apt’®

:—xthO: — Xtx

2 2 a+p - 2(a+B)

> time

— t—

:>Vo

)
V=V, +gt+Ft
ds

a:vo+gt+Ft2

1

[ ds=] (v, +gt+Foyt
0

2 3t
oo L
2 3,



Q.9

Q.10

Q.U

Q.12
Q.13
Q.14
Q.15
Q.16
Q.17
Q.18
Q.19
Q.20
Q.21
Q.22
Q.23

Q.24

S=v,+ % + %

)

Option (2) represent correct graph for particlemoving
with constant acceleration, as for constant accel-
erationvelocity timegraphisstraight linewith posi-
tive slope and x-t graph should be an opening up-
ward parabola.

[10]
vZ=U?+ 2as

0=(102+2(-a) [%}

a= 100 m/s’
F=ma=(0.1) (100) = 10N

(3)
(3)
(2)
(3)
(3)
(1)
(3)
(4)
(30]
(1

y=mx+C
20

2= —X+20

V=10

vZ=2x+20

Kinematics

JEE-ADVANCED

PREVIOUS YEAR'S
Q1 (B)
_ 4nR? ‘p
3

Q.2

En(m)zfn(%j +(n(p)+3¢n(R)

0=0+ ldp 3 dR
p dt R dt
=Gy (9
dt dt
v R
[2.00]

n=103%kg q=1C t=0

E=E,snot =

Forceon particlewill be
F=gE=qEsnwt
av,_.aF=0
F=qEsinot

dv = qﬁsnmt
dt m

gE,sinwt=0

/o
Iq—snmtdt
o, M

O‘—.<

v-0= aE —9[- coswt]“/“’
mo

-0= qEO[ —cosm)—(—cos0) |

1x1

1031 3><2 2m/s

39



Relative Motion

| EXERCISES |

ELEMENTARY Ve = SIS
Q1L @ Ve | Vs
Time= Tofal length- _ 50+50 _ @ — 4 sec
Relative velocity  10+15 25
Q.2 ) 60m 2 _ 2
Effective speed of the bullet 5 VnV2
= speed of bullet + speed of police jeep
=180 m/s+45km/h = (180 + 12.5) m/s=192.5m/s = 14445 =V2
Speed of thief 'sjeep=153km/h=42.5m/s
Velocity of bulletw.r.t thief 'scar = 192.5—42.5= 150 Vs = V,=13m/s
Q.10 (4)
Q3 (@
Asthetrains are moving in the same direction. So the
initial relative speed (v, — v,) and by applying éii!é‘lrll\lVE UESTIONS
retardation final relative speed becomes zero. Q
Q1 @
vV, -V e _
Fromv=u—at = 0=(v,—Vv,) —at = t= 1" % Total!.engthontrams-SO+50-1OO
a Velocity V, =10
Q4 V=15
V, +V,=25
Q5 (O 100
time >
Q6 (2 Q2 &)
Q.7 (3 Given AB =Velocity of boat =8 km/hr 10m/s 5mys
B c — —
> ®
< 100m >
V,; =10-5=5m/s
n
0
t= @ = 20sec,
A Q3 B
AC = Resultant velocity of boat = 10 kmvhr v,=50-gT
- v,=-50-gT
BC =Velocity of river = JAC? — AB? V. = v, —v, =100 m/sec
=(10)%> - (8)2 =6 km/hr Q4 (¥
Q8 @ Vor =V, =V, =10-9=1m/s
Therelative velocity of boat w.r.t. water 9 m/s

L o A 10 m/s
= Vpoat ~ Vwaer = (3 +4) — (=3I —4]) = (6i +8]) P 100 >
m

Q9
40



Q.5

Q6

Q7

Q.8

. 100 100
Sotimetaken t= 5 = — =100 sec.
Vo 1

(4)

Relative velocity between either car (1% or 2) and 3

car =u+30
where

Rel ative Displacement =5km
Timeinterval = 4min.
5 .

. u+30 = 2 km/min

5x 60
= X4 kmvh= 75 — u = 45km/h,
@

B S;e| 1000 10m

@~ t - 100 s

V=V, =10

=V, =10+V_ =10+10=20m/s. Ans.
@

1
Wehave, S = U4t + 2 el t2

1
= 0=ut—5(a+g)t2

_2u  2u-gt
—as 9T
&)
< L >
[ trainA —>v,
V24—| train B
+“—L—
2L
4 =3= V,+V,
2L i
= ViHVeE T 0]
2L 4L
t,=25= —1.5vl+v2 15v,+v, 5
........... (i)
by (i) and (ii)

u = velocity of 3 car

Q.9

Q.10

Q.11

Relative Motion

4L 2L
v, = —

Vi= 15 5

2L 2L
v,—Vv,| = 2L/15

Now, t;= =15 sec.

@

—
30 knmvhr

—

192 km/hr

Muzzle speed = velocity of bullet w.r.t. revolver
=velocity of bulletw.r.t. van

150=V, -V,

25
3 m/s=30km/h

5 _ 475
150=V, - 3= V,= 3 m/s w.r.t. ground

Now speed with which bullet hit thief's car
=velocity of bullet w.r.t car

:Vbc:Vb_Vc
_475 160 315
= 3 3 = 3 = S Ans.

@
Initial relative velocity
u =50—(-50) =100

a=20-(20)=0
- 1 e
sS=vut+ 5 at
100=100t t=1hr
1 2
s,=50(1) + 5 (20) (1) =60km.
@
v, Y,
A —> < B
O O O O
In opposite direction
\7AB = _’A +\7|3
9= \7A +\7B ......... Q)
WA v,
A — B —

Insamedirection -

41



Relative Motion

Q.12

Q.13

Q.14

Q.15

42

Ve = \7/-\ Vg

1=V, -Vg s )

From equation (1) & (2)

V, =5m/s

V, =4m/s

@

W E V, =—500i

= Vg +V, =Vans
V,, =1500i
= 1500] —500; =1000i

@
If v = actua velocity

15 m/s
8 m/s
v = 4152 +8?
= 17m/s.
@
N
y
o] X -

V. = 50 (<})=50] =50 (<i—j) i.e,insouth

west

Q)

V12 = V1 _Vz

IV, 1= (V2 + V2 -2V,V, cosf
IfcosO=-1

Q.16

Q.17

Q.18

Q.19

Q.20

IVp, o = V2 + V242V,

|\712 |max: N1+V2)

So |V,, |ismaximumwhencos@=-1 and 6=n

3

Vi =10f

Vo= VSQ30i +vcos30] :3f+0—\/§]
2 2

Y _10=0 or
> —10=
v=20
@)
Vi =i +43] tan 0, = /3
i.e.,91=60.
Vo =2 +2] tan0,=1
i.e.,62=45° 61—92:150
()
@
VrZij
szsi

Vi—Vi=(-5)i +v,]

L
tan0=1=

5
sov, = 5 km/hr
@

V,=10]
\7(: = Ui

V:—Ve=10j—vi



Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

IV, =V |= V107 402 =20

Vau = Vg —V

SO VR=Vy

m

@
15min=1/4hr.

©)
viewing the motion from river frame ; both boats will
reach the ball simultaneously

(1)

Due north will take him crossin shortest time.

@

Q.27

Relative Motion

[e2]

Vyr= €212
\7MR =\7M _\7R
V,, =V + Vq

=4/12*+5% =13ms™
@

10m/s

BYQ

AF D

a=8m

They meet when Q displace8 x 3 m

more than p = relative displacement = relative
velocity x time.

8x3=(10-2)t

t=3sec

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

Q2

Q.3

D)

Relative velocity between either car ( 1% or 2™) and 3
car = u+30

whereu = velocity of 3™ car

Relative Displacement = 5km

Timeinterval= 4min.

5
S u+30= 2 km/min

5x 60
=" km/h.= 75=u = 45km/h.

®)

1
Wehave, S, = ugq4t+ 5 B t2

1
= 0=ut—§(a+g)t2

43



Relative Motion

Q4

Q5

Q.6

Q7

44

«—L—

train A I—»v1
v2<—| train B |

«—L—

2L 2L .
t,=3= v—1+v2 DLV = e 0
2L

L=25% 15y, +v,

4L .
15v, +v,= B e (i)
by (i) and (ii)
4L 2
5

Vi= 95 5 Ve =

2L
Now, t; = | =15sec.

et 2
Vi—=Vo| T 2L/15
©

240
No. of taxi = ﬁ = 24 but when 24th start motion it

reach the destination so it will meet 23 only.

(A)

Let t be time when car catches the motor cycle

1
So vt =100 + Eatz = a?—2vt+200=0

t should bereal D > 0

4v2-800a>0
4x20x 20 oy
_ > <
300 >a = a< S
©)
A B BA
uX:O u,=u u,=u
.". horizontal
l uy:0 uy:0 0
Ay a=0 a=0 0
4=9g 4=9g 0
D)

Att =3 sec, 1% stone will have speed of 30 m/s

1 1
h1=§ x10%x 9=45m; h2=§ x10x12=5m

h,—h,=40m

Q.8

Q.9

Q.10

Q.11

(B)
With respect to lift initial speed = v,

acceleration =—2g

1
displacement = 0 S S=ut+ 3 at?

1
0=voT'+ 5 x2gx T2

2vo 1

to_Zq

g 2 g 2

©

Relative to the person in the train, acceleration of
the stoneis ‘g’ downward, a (acceleration of train)
backwards.

Accordingtohim:

1 1
X=—at?, Y = —gt?

2 29

X2 L v= 9 o graighti

= =g = Y= x=straightline.
(D)

ATV,

v

d

Vi B

velocity of particle w.rt. B

Let particleis projected at angle 6 with horizontal

In horizontal In vertical

2v,

vsind

vcoso

So, path observed by B is parabolic (projectile
motion).

(©

Relativeto B, particleA ismoving around it with
constant speed v.

So, w.r.t. B, A appears to be movein circle motion.



Q.12

Q.13

Q.14

Q.15

Q.16

©
Thetrajectory can be straight line.

(A)

Ve =Vp —Vy

(A) If trainis accelerating then the ball will cover less
distance with respect to train in later part of motion.

(A)

Vew = Vg =V, Q.17
Vg €C0S60°+V,, = Vg, cOS30°
(1) V5 SIN60°= v, SiN30°
(2) Putting this in equation (1)
1 3
vV, 5 +25=Vv, ﬁg
31
= VR 57 5=
v,=25m/s
(A)
N
45° Q.18
X
Vbal, bay = ]
®)
2b
T Ve -vg
(1) VR IA T
NN i’
b b
2= v v, fv, —v,

Relative Motion

T= (3)

2b
2 x2b

uaring (1) T.2= 2
m g() 1 Vm_VR

= | T2 =T,T,

V,y =51 +5v3((~sin(0 + 30)i + cos(0 + 30)j

v,, = (5-5v3sin(0 + 30) i + 53 cos(0 + 20)
5—5y3sin(6+30)

tan 30°= 5\/§COS(9+30) =0=-30°
®

o Vi _ 2
For least driftsin 6 = Ve "5

X (VR _VmRSine)

=V, COSO

45



Relative Motion

Q.19

Q.20

Q.21

Q.22

46

(B)
Vg =V(j+1)=V, -V, (1)

Vee =V(= +])=Vg —Ve (2

adding (1) & (2)
V, - Ve=2v]j
Hence towards North
Q1
D) Q.2
Let h = height of escalator g-j
v = speed of escalator Q:5
u = speed of walking of man Q.6
t, = timetaken to reach tower if manwalksup Q-7
. Q.8
on amoving escalator. 0.9
h =wvt =ut, = (v+u)t, Q:10
h h h Q.11
=t = —— V= _— ;,u=—
v+u ty t, Q.12
1 t,t
_ _ 12
=1 1 = t,+1, Ans.
t1 t2
®)
o TemTa L VgV,
A and B collideif T |~ _|\78_\7A|
_Ai+4] . (x=3)i4
T o427 |(x=3)%+ 47
By compare
Xx-3=-4 = x = —1.
©
velocity of B wr.t. A
Q.13
“\ rmmx"
Ay
2ol |9 Q.14
]
—
V1

M

tano = v,
., =dsind
d.—

T WVEevs

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

(B,CD)
(B,C)
(A,B)
(A,B,D)
(A,B,0)
(CD)
(AD)
(A,B,D)
(A, C)
(B,D)
(B)

®
The path of a projectile as observed by other pro-
jectileisastraight line.

V,=ucosd | +(usind—gt) j.V,, = (2ucosd)

V,=—ucosdj + (usind—gt)j.
%,=9-9=0

U, U,sind
U,cos0
U,cos0 B
v U,sind

The vertical component u, sind will get cancelled.
Therelative velocity will only be horizontal which
is equal to 2u, coso .

Hence B will travel horizontally towards left w.r.t.
A with constant speed 2u, cosd and minimum dis-

tance will be h.

©

Time to attain this separation will obviously be
Sel __*

Ve 2UpCOSH "

(D)



Q.15

Q.16

Q.17

Q.18
Q.19

Q.20

(A)
®)

Inthefirst case:
Fromthefigureitisclear that

7 ,, 1510 Vs downwards and

Ey)

—

Vy, is10 m/stowardsright.

Inthesecond case:

Vel ocity of rain asobserved by man becomes \/§ times
in magnitude.
.. New velocity of rain

\7R' = \7RIM + \7M
.. Theanglerain makeswithvertical is
10
tane——loﬁ or6=30
10m/s
10/3m/s
-
VR’M

.. Change in angle of rain = 45— 30 = 15°.
(D)

©
(A)

(A)
3km = (5 + 3)t + (5 - )t

3km 3 _
So, t= 10km/hr = Ehr.:18m|n.

Relative Motion

Q.21 (O
3km

t for Mahiwal : m

ross =36 min.

3km

3
drift(d) = (2.5 km/hr) (mj = km

drift (d) _
2-5/'/' ~~~~ .
7 25
3 0
L
M kG

3km
5cos0

t. . for Soni =

Cross

drift'=(3—d) = (5sin0-2.5 ¢ o

s S (5gne_5j 3
2 2 ) 5co0s0

3 2sn6-1) 3
2 2 cos0
cos@=2sn6-1 = 0=53°
So angle with river flow = 90° + 53° = 143°

Q.22 (C)

Vs = +/3% +4% =5mis

Q.23 (D)

tn




Relative Motion

Q.24

Q.25

Q.26

Q.27

48

(A)

370 — i
@37 =pgc

3_8
~ 47 BC

530 — ﬂ
NS 3AB

32 100
.3 3 &

t="7p5 Tqp "898
A)QB)R(C)SD)T
(A)P(B)R(C)Q

oo
(A) Vyr = O - Ve
—» 3km/hr
oo
(B) VMR VMG
(©) Ve
(A)R: (B)-S: (O)-P; (D)-Q Q.28
(A)V, gSiN0=V, Q29
Vi
Q.30

= 0 =53

= 0 +90=143

(B) Direction of velocity with the direction of flow =
aO°

4
(Cten6= o= =5

D)V,, = -3 -3]

V. =4

E(X)

\\ e [
Vv

\7wm = VW - \7m
=3 —3j+7i =4 -3

tan6=— = 6=37° = 0+90=127°

4
(A)PQR(B)Q,R,S(C)QRS

(A)a, (B)a, (C)g, (D)q
In al cases, angle between velocity and net force
(inthe frame of observer) isin between 0° and 180°

(excluding both values, in that path isstraight line).

(A)g,(B)r (C)p (D) q
(A)V,, = 10+10=20
so distanceb/w B and A in2sec. =2 x 20=40m

10 m/s - . R
(B) VA = 5i-10j
5m/s



= |V,u=4/25+100 =545

10 cos37°

0 |Vgal= 845
10 sin 37°+10
so distance between A and Bin2sec. =2 x g5

= 1645

(©) Vga -

10 cos37° + 10 cos37°

(D) VBA - SO
10 sin 37° + 10sin37°
|\78A |:20

5
so distance between A and Bin2 sec. =2 x 20 =40 Q
m.
NUMERICAL VALUE BASED
Q.1 [0015]
Q.6
VRain glider =VRain ground
(Vglider ground):u
ucos37° = 12\/5 sn45° u=15m/s
Q.2 [0000]
Vag =V, —Vg = —20i — 20]
Q.7
q
Vg A
Q.3 [12]
Vi = Vi = Vi
wa
Q.8
Vb
V1
= V,=12m/s
Q4 [0016]

Relative Motion

VR
53°
W 379 V9
0
Vs=Vg
53°=0+37°
0=16° ]
[0001]

2
25= 1><10><t—
2 2

t=1 sec.

[16]

oo Vw _ 4
tan53° = 1 3
v,, =16 ms?
[0010]

. d d
3275, 25775-25
2 d d 5 d+2d

= — + - =

10 57 10
d=10km
[0017]
Ground frame :
N
10=V,,
30° ¢

49



Relative Motion

Q2 (D)
- N
V=10
B
River frame : 30° SE
F:r 3.18 KM
N
N
Ve =V v 25
Ve = Ver tVre
3.18KM
— 530 + 5= -5J3i + 5]+ V
j=-5/3 ]+ Vre ) Seo .
- . %
" Vpe =10V3i
" Vpg=17.3m/s
Q.9  [0007] !
c
53 ;
E .. ——=8n25°
v i 318
4 5 P=318s5n25°
V
= |1.34KM| aong north
3V 12 B=3.18c0s25°
?_E = |2.88KM | — along east
V=4
JEE-MAIN
i = 9 ’ PREVIOUS YEAR'S
— == +VC = —
5 5 5
= A1 120]
Ve=0+adt Q (120
a.=7
KVPY V=12 0
PREVIOUS YEAR'S a .
12sinf =vr
Vo, =V
\e( V,= v/2 0=30°
Tominimizethedrifting Soo=120
gno=Yw _1 Q2 [5]
Vi, 2 A
0=30° :
90°+0=120°
10sin30° =x
x=5m/s
Q3 E]

50



. ___________________________________________________________________________________________\§
8B d=2.4cm
&—A = 2.4cm

8x1.5xc
0.3x107% xf
f=5x10%Hz

=2.4x107

Q.4 [0

JEE-ADVANCED
PREVIOUS YEAR'S

Ql @
A B
o————> <—o
0.3 0.2
¢ m p

consider motion of two ballswith respect to rocket

Maximum distance of ball A from left wall =
2

u”_03x03_009 ~002m

2a 2x2 4

so collision of two ballswill take placevery near to left

wall

ForB

S-ut+1at2
B 2

1
4= 02 —(Ejﬂz

= t2+0.2t—-4=0

\_ ~02%0.04+16

2
nearest integer = 2s

=19

Relative Motion

51



Projectile

j Q.8

| EXERCISES

ELEMENTARY
Q1 (3
Vv, =%=6andv =ﬂ:8—10t
dt N

Q.2

Q3

Q4

Q.5

Q.6

Q7

52

=8-10x0=8

v=\/v§ +V; =6 +8 =10 ms™

(1)

Horizontal component of velocity v = 500 m/s

and vertical components of velocity while striking the
ground.

v,=0+10x10=100m/s

u=500m/s

500 m/s

Ke

100 m/s

) .. Anglewith which it strikes the ground.
)
R=YSN20 . o . Ifinitial velocity be doubled 6 tant Vx| tanl(@j _ tanl[gj.
9 v, 500 5
then rangewill becomefour times.
o Qo ®
@
JEE-MAIN
_ u®sin20 ) . OBJECTIVE QUESTIONS
Range= ; when 6 =90°, R=0i.ethebody will
fall at the point of projection after completing one Q1 @
dimensional motion under gravity. V, =2a
V, = 2bt
@
Direction of velocity is always tangent to the path so V =2tJa2 + b?
at thetop of trajectory, itisin horizontal direction and as
acceleration due to gravity is always in vertically
downward direction. It meansangle between y and g Q2 @

are perpendicular to each other.

(1)
Q3

1
For vertical upward motion h= ut—Egt2
. 1 )
5:(255m9)><2—§><10x(2)

:>25:505in9:>§n9:3:>9:300. Q4
2 »f

@
u?sin20
g

Rangeisgivenby R=

Onmoon 9, = g .HenceR =6R.

6
©)
Dueto constant velocity along horizontal and vertical
downward force of gravity stone will hit the ground
following parabolic path.

Horizontal Component of velocity
Becausethereisno acceleration in horizontal Direction

)
In projectile motion Horizontal accelereationa =0 &
Vertical acceleration a=9g =10m/sfa=0
a=0
a=10 (down)
= only "C" iscorrect Ans
@
_ 5n
136
Another angle for same range is the complementary
angleo,

_n' (5n)° 18-5 13
Thenez—E—@ =35 ﬁ:ez—ﬁﬂ

0

"D



Q.5

Q6

Q7

QS8

Q9

(1)

Vi + \72
2
(- Acceleration is constant = g)

Avg.vel.b/wA& B =

A

Now, if v/, =V, | +V, ]

Than y;, =V, | =V, j (- bothA & B areat same
lavel)

Q.10
Vi+Vz =v 7=Vsn0 | (- Oisfromvertical)
2
ng
Q.11
(h)
Gravitational acceleration isconstant near the surface
of the earth.
2
@ A Q.12
0,=6]+8]j
a, =6l
u=38j
_ 2uxuy _2><6><8 -96
T g 10 7
@
R=u?sin20/g
R = U9
2
n-L
g
for0=15°
2sin30
R=YIND ol iim
g 2
13
@ Q

X
:xtanG(l——)
y R

X2
y=Xxtan0—-tan6—
R

Comparefromeg.
tan0 =16

tan6 5
R 4

Rz%:12.8m
5

tand =16

1 9 _5

2U°cos’0 4.2

u’sin20 _29 2x16
g 5 g

R=12.8m

R =

©)

Range of 6 and 90-6 issame

If6=30°
S090- 0=60°
3

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

h :%gt2 = h »>same=t — same

@
\®
\)4
Ao 0
A F.N

I B
p<9m->

In this process both time taken is same.

_2usin®
9

T

_2usin37°
g

T

_ 2x15x3
10x5

=1.8Sec

9
Minimum Vel ocity =18 5m/s

@

Projectile
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Projectile

Q.14

Q.15

Q.16

54

= u, =/2gH
2u 2./2gH
TS AR :2&F
g g
)
s M 7

o Q

t(os) =1sec

t(OT):3
or t(ST) = t(on—t<03)=3—1=2990
tanT 5 ten =l
"~ tow™ Yoyt lew = 1+1 =2sec.

. Timeof flight=2x2=4sec. Ans."C"

@
As g1, Hand T both increases

ButR 1T from0°to45°& at 0 =45° Max then decreases

Ans(2) R? then | [ fromfrom 30°to 609
whileHT and T 1.

@

Acute Angle of Velocity with horizontal possibleis —

90° to + 90° hence angle with g is0° to 180°.
0, is acute

= 0°<6, <90%during the upward journey of mass)

fromfig. 6 =90°+06,

>
V

g

o, 9°<0<180° ... Q)

During downward motion

0°< 6, < 90°

0=90°-0,

0°<@<90° L 2
Fromeg. (1) and (2)
i.e,0<6<90°U90°r<H<180°

= 0°<0<180° "D" Ans.

@
B A
o—0—>»
1
T :
20 m : 10mis=u, ;
l :
1
u,=0m/s u,=10j
0
X
y

On reaching the ground,
Both will have same vertical velocity
VZ=zu?+2as
Yy y vy
since u, = Ofor bothA & B
a=9 for bothA & B
s,=20 mfor bothA & B
Thats why the time taken by both are same
(4)

A\/sine
V

0
T »\/coso y

Letfinal vel beV,
Now v,, = horizontal component of velocity



Q.19

Q.20

2
.V, =V2sin® +2gH
= VZ,=V?, +V2,
=(V cos0)?+ [V2sin?d + 2gH]
V2, =V2+2gH

i.e,V=Vv’+ 2gH {Vz =M}

This magnitude of final velocity isindependent on 6
= all particles strike the ground with the same speed.
i.e, 'A'iscorrect.

Invertical motion

The highest velocity (initial) along the direction of
displacement is possessed by particle (1). Hence
particle (1) will reach theground earliest. [since a, and
s, aresamefor all]

i.e,'C'iscorrect

V,,=Vcos0 & V2, =(Vsin0)® +2(-g) (-H)

Q.21

@

_ 1

AC= 2gt2=45m BC=45 /3 m=ut

Q.22

45
u="73 =15 /3 m/s.

Alter : Objectisthrown horizontally sou, =v & u =
0
from Diagram

v
30°

30°
X Q.23

1 2
-y=uyt—Egt

1
y= E x10%(3)?

y=45m

&tan30°:¥:>y\/§:x Q.24

& Xx=vt=3v
fromequation (1), (2) & (3)

45,/3 =3v
v=15,/3 m/s

@

Vy
tan45° = v

X

Projectile

18 m/s

&453/*

VvV, V
=V, =V, = 18m/s Ans.
@

dy
= =0
(¥ ) = dt

d
= 4 (10t-t)=10-2t=1t=5

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

@

0}

For 6 and 90-0

Range is ssame

0=15°

90-0=75°

usin®.ucoso
g

..8in(90-0) =cos6
.. €cos(90-0)=sin6

(i) R=

@

Ezlmv2
2

At Highest Point
vel = vcos 0

KE:%mv2 cos’ 0 = EcosZG:% (- 0=45°%
@
Vel. of Bombissame asthevel. of aeroplane.

u =360km/h& v, = 0.

1
S =ut+ < at? Hereu=0
y oy 2y

1960= % x 9.8t2

t =20sec
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Projectile

Q.25

Q.26

Q.27

56

(3)

v2-u?=2aS
y y y

v,? —(4)* = -2x10x 0.45

v2=7m?/s

v, =5¢0s53°=3m/s (alwaysremainssame)

PV = (V) (V) = Vo7

=4m/s

N7

t2=?, 2x=Vv, xt,

4h
=V, E

From (i) & (ii)

V'=42V

@

)
X=vt

Because horizontal velocity of plane and bomb is

(i)

..{ii)

Q.28

Q.29

Q.30

always same.

. AB=0Bsin37°=3m.
©)

u

Lo
u=10./3 m/s

Timeof flight on theincline plane

2usina
= gcosp

T

given o =30°& B =30°& u=10,/3 M's

2x10,/3 sin30°
~  10cos30°
S0 T=2sec.
@
At maximum height v =u cosb
4 =v
5 =
v ucoso
= 5> =
coso = l
= T2
= 0=60°
_ u’sin20  u’sin(120°)
9 g
_ u? cos30° ~ J31u?
B« /)



JEE-ADVANCED

OBJECTIVE QUESTIONS
Q1 (A Q.4
ax=2m/32;ay=0
u =8mis
=—15m/s.
y
v =itV
V.=u +at
y Yy y
= Vy:—15m/s
V =u +at
V. =8+2t

Q.2

Q3

= V=[(8+21) ] —15 ] ms.

D)
u=3m/si a=1jm/s
aislu
so V after 4 sec
V=u+a
V=3 +1]x4
V=3i+4]
u=31 Q5
0
— A1 N
v=4J £

Ve=vuz +v2 =37 1 42

Vg =5mis
and tan6=

4
3
6 =tan -1( j with the direction of theinitial velocity. Q.6

wlpd

®

dx
X =5sin10t = V, =a=50 cos10t

y=5c0s10t = Vv, = % =-50sin10t

2\ 2 2
Ve =V +Yy

Projectile

Viet =+/(50)2(sin?10t + cos?10t) = 50 misec

(D)
V=u+at

Vy = reduced then increases

u
Y u

u

X

= V =reduced thenincrease (-- V, isconstant)
= Speed first reduces than increases. So "A" is not
correct

1 m
P 2 — 2
KE= > mV?2 = 2 (speed)

= "B" isnot correct

v, = changes

= "C" isnot correct.

V_ = constt. since grairty isvertically down

= no component of acceleration along the horizontal
direction.

= "D" iscorrect

(B)
y=ax?
givenV =C

from (1) d_y =2ax. d_X
dt dt
Vy =2ax.C

dv, dx
from (2) e =2aCc.—~

(20, 5)
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Projectile

Q7

Q.8

Q9

58

5= 20t 307 Sx 220
=20tn 307 - 572 (12 300

1600 1600
= = Ja—a 1 P
(A)
g 2
u”2sin6cosb
R2 , g 2uzsinze
— +2h= +
" sy 0 2
29
uZ
= E(max.horizontal Range)
" Qu
X=y2+2y+2
dx dy _dy
p =2y dt +2dt +0
d>x __(dy)’ d?y ,, d%
weela) e o
d’y _ 4y _
a0 Car = >
d?x .
ey =2(59)+0+0 =50m/s
(A)
M
P
N
h
0 R Q
t,=4—
—".toQ:4+5:9 Q13
fpg= 5—
tan= g =45
or tan= 2 =4,

RM—MN=h= % 9[(4.52— (57

N |-

98 .5.1=98

(D)

Fromthe R v/s 6 curve (for u = const.)

max

2
u
R = E =250 = u =50 m/sec.
T=12T_, possible

2usine_5(gj
g 2(¢g

1
:>sin6=§ =0=30°

L east speed during flight = u cos6 =50 cos30 = 25\/5
®
V=i +(b-ct)=uyd +(uy ~gt)]

2u,u, 2ab

Touches at

highest point
-V

h

max

—

v

VCosa

ucoso

Because horizontal component of the vel. is never



change in projectile motion.
Horizontal Component

ucos6 = vcosa

. V=ucososeca

Q14 (A

0.2 A

we have the point of projection as (0, 0)
we have the equation of st. line (asshowninfig.)

y =tanf/x
) .
= — X
y 3 )]
Alsothe equation of trajectory for horizantal projetion
-1 x?
=5 g F (2)
from (1) and (2)
1.x¢_2
29 u> 3 X
2 2
o X= 3 X 5
2 45x45 3% 0.9
= X —— =X
3 5 '

If no. of stpsbhenthennx 0.3=3x%0.9
n=9

Q15 (B

u=200m/s

400 m/s

Q.16

Q.17

Projectile

To hit, 400 cos 6 = 200

{ -+ Bothtravel equal distanceaong horizontal, of their
start and coordinates of x axis are same}

= 0=60° Ans.

©

Letinitial and final speeds of stonebeu and v.
. vZz=u2-2gh

and v cos 30° = u cos 60°

solving 1 and 2 we get

u= J3h

D)

Since time of flight depends only on vertical
component of velocity and acceleration . Hence time
of flightis

2uy
T= T where u, = cosd anduy:usine

.. Inhorizontal (x) direction

d=ut+vhge=uoosd | ¥ |, L[ 2usind 2
=ut+%gt?=uco g > g

2
= ? (sinB cosb + sin?9)

Wewant to maximisef(0) = cos0 sind + sin?0
= f'0=-sin%0 + cos?0 + 2 sinb cosd =0
= €0s20 +sin20 =0

= tan20=-1

20= " oro= S 675
or = 4 oro= 3 = .
Alternate:

As shown in figure, the net acceleration of projectile
makes on angle45° with horizontal . For maximum range
on horizontal plane, the angle of projection should be
along angle bisector of horizontal and opposite
direction of net acceleration of projectile.

0= 1357 =67.5°
. - 2 - .
projection direction for
maximum range
. u
ground 2 —> east
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Projectile

Q.18

Q.19

Q.20

60

(A)
From given conditions V, = V, cos37° =
4
15.— = 12 mi/sec.
5
2x20
~time of flight of A (t) = ;—O = 2 sec

= Range=V,t=24m

©

H=20m,u, =0
1

+S=ut+ ot t= 28y
2 g

T= 2x20 = 2sec
V 10

1 02
Range=u t + Eaxt

Hereu, =0, a = 6m/s’ (dueto wind)

:0+%><6><(2)2:12m

®)

Ontheincline plane the maximum possible Rangeis—
V2

R= g(l+sin0)

U

0
Rangemax =?
Let 6=
And angle of projection fromtheinclined plane= o

g’ gcosp

u =usino U =cosa
cos 3

a=—-gsinfa=-g

1
Range=s =u T+ 2 aT?

2u

(ontheinclined plane) whereT= —

= s = (ucosa)

Q.21

2usina] 1 oo o[2usna ’
gcosp 2 g 2cosp

2u®sina
==

= [cosa.cosP —sina sinf]
gcos B

2u®sina
S =
x T gcos?P

[cos(a+)]

2

= pysvers [2sina.cos(a + B)]

2

L [sin (20.+B) +Sin(-p)]
gcos” B

2

_u
S T geos?p

[sin (2a.+B) —sinp]

Now s ismax S

X

whensin(2o +f)ismax (. p= constt.)

Y
. (3]
= 20+B= 5 o=
2
i.e., whenball isprojected at the angle bisector of angle
formed by inclined plane and dir. of net accelaration
reversed.

2 u?(1-sinp)

~ g(l-sinp)(L-sinp)

&(s) .= [1-sinB]

ma< g cos’ B

2

Max. Range on aninclined plane= gd+sinp)

2

HereBZGDRmax:m

Ans"B"

D)
V2
R= gcos’p

[sin(2a.+pB) —sinf]

Putting B=45°& a=m— —=—-



o =n—Pp

v2 . 3t ©n LT

5 {sn(Zx—+—j—sn—}

R= 1 24 4 4
g

vzxz[ 1 } v2
_vixef, 1] L5V
%7 g J2 g

(—ve sign indicates that the displacement isin —ve x
direction)

2
= Range= 2\/5\/5 Ans"D"
Alternatel | method
\X
T
Pej &=y
u2
= sin(2o+B)—sin
R Cc)SZB[ (20+B) —sinB]
u? . . (=
- 5| sin ——sm[——)
( 1j { 4 4
V2
272 u? .
R= g (along +vexdie) (+vex)
[l Method

Q.22

Q.23

Projectile

_ _ 2usinf o
u=ucosp,T = gcosp | &= gsinf;
ay=—cos[3

1
s=ut+ > at?=(ucosp)

ousinp] 1 2using Y’

+-(gsinB) | ——-

gcosp 2 gcosp
Let o = B = 45°

u22( 1] 1 [ 1 j2.2u2 2 u?
=—|=|+>9| = = = [1+1]
So, Sx g 2 29 2 92 2 9 [ ]
2
s = 221
Ans"D
)

Applying equation of motion perpendicular to the
inclinefory =0.

1
0=VsnO®-a)t+ > (—gcosa) t?

2Vsn©-a)
gcosa

= t=0&

At the moment of striking the plane, as velocity is
perpendicular to the inclined plane hence component
of velocity along incline must be zero.

_ 2Vsn0-a)
0=vcos(0—a)+(—gsna). —gCOSa
vcos(0—a)=tana.2V sin(0—a)
cot (6 —a) =2tana Ans. (D)

©
a = —%5 m/s?
a= %/Emls2
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Projectile

i 1
T - 2usin® Range:EaxTz
Ot
T=—2Y_ _Logno |2
.- 2x(10/+/2) gcosd  2° gcosh
9/\/E v2
—2sec R = thanesece
Q26 (D)
v
Y'p
VN0
Q
1
.......................................................... R=ut+=at?
58
Q24 (© [, =0.u,=v]
T: ZUy = . T: 2uy = 2V
gcoso gcos® gcos6
1
__2x5J3 R= = gsnoT?
10x cos30° 2
T =2sec ne 1 . v )
=7 9sind gcosf
R=Tv tano

JEE-ADVANCED

MCQ/COMPREHENSION/COLUMN MATCHING
> Q1 (B,O

y
a5°

’B >450
o > 45° N
s » X

t=t, t=t,
= Timeatwhich V =V, iswhat wearesolvingV _
=V,
Now, V =ucosa
Vy=usina—gt
= ucosa=usina—gt{-. v, =V }at=t (say)

A

u
= = 9 (sna—cosa) " C" Ans

a=-gcos 0

ay:gsin 0 AlsowhenV, =V,

uX:v {i.e, whenwechoose'y' axisas—y'} att=t, (say)
u=0 —ucoso =usino—gt,

X
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Q.2

Q.3

Q4

u
= tzza (sha+cosa)"B" Ans

(A,B)
X=24=ucos0.t

24 1
=t

- 24cos6 - coso
] 1
y=14=usnot— Egt2

usine_ 5
cos® cos’0

= l4=

= 14 =utanb -5 sec?d
= 5tan’0—-24tan0+19=0
= tan0=1,19/5. Ans

©

_uzsinze

g

20sin?0 3
J5- 208070 3

=sin20=—
2

-.0=30°

X -
4 _0.25m

2

A) H_ = uzsinze_(@)
i 29 2x10

(B) MinimumVeocity ucos6

=/ 20 x cos30°
:\/Ex%:\/l_Sm/s

(A,B,CD)

2

u
= —=U=4/2gh
Zg:> g

u2

R =—=2h
@ R=g
(b) R=nH__

Q5

Q.6

Q7
Q8
Q.9

Sol.7

Sol.8

Projectile

uzsinze_nuzsinze
g 29
4=ntano

B} _{i‘j
o =tan’| -

4u’sin’0 _ 2xu’sin20

o 9gT?=gx tan 0
© 7 g
gT?=2Rtand

T
(d) g '™ g

Ratio1:1
(A,B)

Put the value of T, R, H, in the given eguation and
solve each option.

(A,CD)

T= /2—H =04= /Z—H
g g

=H=0.8m

R=0.4x4=1.6m

andUy=,/2gH =/2x10x0.8 =4m/s = 0=45°

Comprehension-1(Q.No 7to9)
(A)
©
©

HA = Hc > HB

Obviously A just reaches its maximum height and C
has crossed its maximum height which isequal to A as
u and 6 are same. But B is unable to reach its max.
height.

Time of flight of A is 4 seconds which is same as the
timeof flight if wall wasnot there.
Timetaken by C to reach theinclined roof is 1 sec.

P Q

Q
5o Too = Tor— Tor = 3 seconds

fole) OR Q
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Projectile

2using 1
Sol.9  fromabove = g =4 Heres =ut+ 5 at
-.usinf =20m/s = vertical component is20 my/s. 1
for maximum height = (10v3) (- 5 (5v3) (22 =10/3 m
vZ=uw+2as = 0°=20°-2x10xs
s=20m. or 0OQ= 10\/5, m
Comprehension-2 (Q. No 10 to 13) - PQ= \/(PO)2 +(0Q)* = \/(10)2 +(1043)? =
Q10 (B B
Q1 (A) J100+300 = /400
Q12 (© .. PQ=20mAns.
Q.13 (A
Sol. Let uschoosethex andy directionsalong OB and OA Comprehension-3(Q. No 14 to17)
respectively. Then Q14 (B
u,=u=10y3 M/s,u =0 015 (©
Q16 ()
Q.17 (B)
&I 14 aAB = O
- Straightline

Sol.15 Given V,cos6, =v,€0s0, = v, =V,
a =-gsin60°=—5,/3 m/s’

and a, =g cos60° = -5 m/s’ Va =Vial +Via] § Vg = Vil +V,g]
Sol.10 At point Q, x-component of velocity is zero. Hence, VI SRV
substituting in - Vag = Vial = Vil
v,=u +at T_2uy
0= 1043 - 53t Sol.16 I = 9
. 10\/5 . - Same
ort——S\/é =2s Ans. H_u_y2
Sol.11  AtpointQ, v=v, =u, +at 29
v=0-(5)(2) =—10m/sAns. - . .
Here, negative sign impliesthat velocity of particle at Vag = Vil = Vgl

Qisalong negativey direction.
Sol.12 Distance PO = |displacement of particle along y-

direction |
1 Sol.17

Here, s =ut+ — at?

y oy 2y X

1 .
:O—E(S)(Z)Q:—lOm R_2uxuy _u?sin20
. PO=10m 9 9

1 when ¢ and 90 — 9 rangeissame

Therefore, h=PO sin 30° = (10) (E) V= sziﬂ _ sz] _ lef _ Vly]

oo h=5mAns.

Sol.13 Distance OQ = displacement of particle along x- Vo, — Vi, [Vaox > Vi

direction = s,

X

tanez(vzy —Vy, ]vzy <V,

tand = —ve
64



Q.18

Q.19

(A)r (B)s(C)q (D)p

Timeof flight
20 2 A2u
T= §C0S45° _—gcos45°_ g ~D—-p

Velocity of stoneisparallel to x-axis at half thetime of
flight.

AT

At the instant stone make 45° angle with x-axis its
velocity ishorizontal.

Thetimei usin4s° u B
. Thetimeis= ———=—= . B—>s
g J2g

The timetill its displacement along x-axisis half the

Lo
rangeis 2 g
(A)r(B)s(C)a((D)p
Equation of path is given as

y = ax —bx?
Comparing it with standard equation of projectile;

C—q

LS
2u? cos’ 0

g
————-=b
& 2uZcos? 0

y =Xtanb —
tand =

Horizontal component of velocity = u cost = ,/%

2(ucosb)tan6
g

) . 2usin®
Time of flight T = =

Zia
[ZbJ_ZaZ

g bg

u’sin®0 _ [ucos@.tan 6]

Maximum height H =

29 29
2
9
= 2b’ 8.2
29 4b
_ u?sin20
Horizontal rangeR =
29
2 9 a 9
2(usin®) (ucosob) 2b’ 2b| a
- g - g b

Projectile

NUMERICAL VALUE BASED

Q1 [75m/g

2
ox
=xtand — ————
y 2u® cos? 0
10(450)?
100 = 450tan53° — —g( 50)
2u” cos? 53°

u=75m/s

Q.2 [5m/q
2usin37°
gcos37°
Relative acceleration alonginclineiszero
.. Relative velocity along incline ucos37° is constant
3 2usin37°
So, T= Ucos37° _ gcos37°
On solving, we get
u=5m/s

Timeof flight (T) =

Q3 [0

Y

F 3

4 10 m/s

» X

10nvs B

v10 /s

Path of particleA, w.r.t. B will projectile, they collideif
AB inequal to range

AB = 2x10x10 _
- 10

=20m

Q4 [0o401

1
-h=using 2T - Eg(ZT)2

T 2usin® o gT
=" g usin® = =
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Projectile

Q5

Q6

Q7

66

L 2T L 472
-N=— X -

2 29
_h:_gT2
h=gT? for T =2sec.
h=10x4 =40m
(0005]

Minimum @ impliesminimumV, and maximumV .
In order to have the af orementioned situation, the rock
has to be launched horizontally.

\Y

=

u’sin®o
2u% sin®xcoso
X
2 29

u= 2042

2usnf 2x20y2 1
= g = g X \/E

T=4

T

Q.8

Q.9

Q.10

KVPY

v(T-05)=7
7
v=——
35
v=2m/s
[1440]
bz
g
: st
Aseem 3 \—4
S
1 - 4000
=—qgt 2= ——
2000 29 t 10

=t=20sec

. S=(112-40) (20) = (72) (20) = 1440m

[0005]
X=y2+2y+2
dx dy
dt - g 2
v, =4y +4
_ dv, _dy
Codt o dt

[10m]

dy
dt

4x2=8m/s?]

R,—R,=ucos45° (t,-t,) = 5,/2 (t,—t,)

—y = 5J2t,-5t,2

—y=-5J2t,-5t2
=
(R,-R,)=10

PREVIOUS YEAR'S

Q1

Q.2

Q.3

®
asV =U —qgt
y y

(A)

(t,—-t) = \/E

Heavier will retard less, it will have morerange.

D)

———

direction of

motion of
train



Q.4

Q5

Q.6

Q7

thetrajectory of the falling apple as seen by the girl is
aninclinestraight line pointing opposite to thedirection
of themoving train asrelativeinitial velocity = 0.

(D)

] B 2_h_ /2><45
Time of fal = g 10
t=3sec

horizontal distance= horizontal velocity x time12=v x 3
v=4m/s

=4x 8 knmvh
= 5 I

v=14.4km/hr
v =~ 15km/hr

®

Work doneby gravity onA & B issame.

.. Horizontal velocity of A = horizontal velocity of B as
they leave the horizontal portion of the structure.

st =t ()

Alsovertical velocity of A & vertical velocity of Cwhen
released are both zero

.. They both will cover same vertical distance in same
time.

st =t (i)

From(i) & (ii)

t, =t =t

Note : Correction in option option B should be

t, =t =1,

®)
For the samerange, another projection anglewill be 90° —
30°=60°
_ u?sin®30°
29

h

u?sin?60°
hl :Z—g

h, sin60°

h sin*30°

=3=h,=3h

®)
Velocity of projection = 24 m/s
Distance between point of projection and hoop

=25 + 45

.. Timetaken by ball to reach the hoop

25 + 45
24

Projectile

(Note :- We are analysing the motion wrt hoop)
.. Distance by which hoop will fall

25 + 45°
:la'[2 :Exloxg
2 2 24

.. Height above the ground where apple go through the
hoop is given by

1 . (25°+45)
45— Zx10x————F | =22m
2 24

JEE-MAIN
PREVIOUS YEAR'S

@

d
FOry o= % =a—2px=0

o  2u® sin® cosf
=2x=R= 7 =
§ g
_ o’ u?sn’e
T 2
tand =a
0 =tan* (ar)
u
45° R
I %‘50
v
0 =|v| (1)
U =ucos45i +usin45j )
V =vcos45i —vsin45] N E))
[AP =|m (v-0) ()

AP =2mu sin 45°
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Projectile

_ 2x5x10% x5¢2 x =
J2
=5010-3
=5x%x 102
Q3 [1
Q4  [10
Q5
-
Range R = u”sin26 and samefor 6 and 90-6
So samefor 42° and 48°
2 qin?
Maximumheight H = u’sin"9
Hishighfor higher 6
So H for 48° ishigher than H for 42°
Option (2)
Q6
Q7
JEE-ADVANCED
PREVIOUS YEAR'S
Q1 [9]

68

V, cos 30°

ALARELR LR AR R AR R RNRRNRNNNY

For relative motion perpendicular to line of motion of
A

V, =100 3 =V, Cos 30°
= V,=100m/s

Q.2

Q3

50

500

t

[30.00]

0= V,sn30°

- B5sec

200x =
2

29
2
- -120 L 0
49
when half of kinetic energy islost V=
u 2
a2
— | sin“30
H (ﬁ) (i)
2
29 169
from (i) & (ii)
Hl
H, =2 " 30m on30.00
[4.00]
Total displacement
Average velocity = Total time

Total timetaken=t, +t,+t,+............

t
:t1+ 1

Total time= 1_ =

t

i S
a o

1
o

Total displacement=v t, + V.t +...........

v, t
=v.t + L1+
a o

11

Vit

= 1_%

[0

On solving

<v>=

a=4.00

v,o

o+

1

=0.8v

1



Newton’s Laws of Motion and Friction

| EXERCISES |

Elementary

Q.1
Q.2
Q.3

Q4

Q5

Q.6

Q.7

Q.8

(3

(3

(2)

m =100 m/s, v =0, s=0.06 m

u? 3 (100)* _1><106

Retardation =0 =2 =5 006~ 12

5x10°x1x10° 5000
12 12

Force =ma= =417 N

3

Acceleration a =£ = % =20cm/s?
Q.9
Now v =at = 20x10= 200 cm/s Q.10
(3
Thrust qu(Z—Tj:5x104x40:lx106N
(1)
_ —2
Fo m[v—uj= 5(65-15)x10 125N,
t 0.2
(3
By drawing the free body diagram of point B
F
Q.1u
Let the tension in the section BC and BF are T, and
T, respectively.
From Lami’s theorem
T T T
sn120° sin120° sin120°
Q.12

=>T=T,=T,=10N.

1)
FBD of mass 2 kg FBD of mass 4kg

TJ_T 4N

2 kg

T,l lZON

T-T-20=4 ...(1)

TAT_I 8N

4 kg

40N

T -40=8 ... (i)
By solving (i) and (ii) T'=47.23Nand T=70.8N

1)
(2

Tension between m, and m, is given by

T3

T = B
2 (mA+mB)XmA+mB+mC

36

T,=(1+8)x———==9N
2=( )X(1+8+27)
(4)
T 2mm, _2x10x6 g0 s3en.
m, +m, 10+6
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Newton’s Laws of Motion and Friction

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

Q.20

70

(3)
T sin 30 = 2kg wt

30 N Tsin30

€ - 3¢ S—
T cos 30 T:
2 kg-wt
= T=4kgwt
T,=T cos30°
=4 cos 30°
=23.

(3)

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

This should not be exceed over breaking strength of

the rope i.e. 360> m(g—a) =360 > 60(10—a)

=a>4m/s’.

(3)
As the spring balances are massless therefore the
reading of both balance should be equal.

(2)

(4)

In stationary lift man weighs 40 kg i.e. 400 N.
When lift accelerates upward it's apparent weight =
m(g +a) =40 (10 + 2) =480 N i.e. 48 kg

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

(4)

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

= a=0.2g=196 m/s?

(2

Rate of flow will be more when lift will move in
upward direction with some acceleration because the
net downward pull will be more and vice-versa.

I:upward =m (g + a) and I:downward =m (g - a) Fupward

(1)

Q.21
Q.22

Q.23

Q.24

Q.25

Q.26
Q.27

When car moves towards right with acceleration a
then due to pseudo force the plumb line will tilt in
backward direction making an angle 6 with vertical.

a—>

From the figure,

tan6=a/g . 0 =tant(alg).
(3)
(4)

R mg 100x9.8 10

(3)

F =pR=0.4xmg=0.4x 10 = 4N i.e. minimum
4N force is required to start the motion of a body.
But applied force is only 3N. So the block will not
move.

(1)

mg m
=—E=02=—E=m, =2k
. 10 p =<0
(3)

fas ) A

f? . fF7

Ground

F:fAB+FBG

= Hag MaG + bgg (M, + Mg)g

= 0.2 x 100 x 10 + 0.3 (300) x 10
= 200 + 900 = 1100 N

(4)

(1)

Fsin60 W =103

f=puR



Q.28

Q.29

Q.30

Q.31
Q.32

Q.33

F cos 60° = u(W + F sin 60°)

o = & W =104/3 weget F=20 N
Substituting H >/3
(1)
Retarding force F=ma=pR=p mg .. a=pug
Now from eguation of motion v2 = u? — 2as

2 2

— 0= -2 5= =1
2a 2ug
(4)
(1)
R Fsin30°
TA
]
T

y o

F
301 _ Fcos30°
(_I_Fk ﬁ)--) /

mg

Kinetic friction = R = 0.2 (mg — F sin 30°)
= 0.2(5><10— 40x %} =0.2(50-20) =6N

Acceleration of the block
_ Fcos30°—Kinetic friction

Mass

Ne

40xY°_6
- TZ - 5.73m/s.

(2)
(3)

a=g(sin®—p cosB) =10 (sin 60° — 0.25 cos 60°)

a=7.4ms

(1)

Limiting friction between block and slab = pm,g
=0.6x10x9.8=588N

But applied force on block A is 100 N. So the block

will slip over adab.

Now kinetic friction works between block and slab

FK=pm,g=04x10x9.8=39.2N
This kinetic friction helps to move the slab

392 392

- Acceleration of sIame—B—Af—0 =0.98m/sz_

Newton’s Laws of Motion and Friction

JEE-MAIN
OBJECTIVE QUESTIONS

Q.1
Q.2

Q.3

Q4

Q.5

Q.6

(2)
(2)

Action and Reaction are equal and opposite

(3)

Force exerted by string is always along the string and
of pull type.

When thereisacontact between apoint and asurface
the normal reaction is perpendicular to the surface
and of push type.

(2)
F—N =2ma, [Newton'sII law for block A]

F
N =ma, [Newton'sII law for block B] = N = 3

a

N =2 ma,[Newtons II law for block A]
F—N=m,a[NewtonsII law for block B]
= N=2F/3 sotheratioisl:2

(3)

2kg 1kg

Both blocks are constrained to move with same
acceleration.

6 —N = 2a[Newtons II law for 2 kg block]
N — 3 =1a[NewtonsII law for 1 kg block]
= N =4 Newton

(2)
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Newton’s Laws of Motion and Friction

Q.7

Q.8

Q.9

Q.10

Q.11

Q.12

72

> a
—>
M
6N N m
— -« > <
N N’
i’
M

F —N =Ma[Newtons law for block of mass M]
N —N’ = ma[Newtons law for block of mass m]
N’ = M’a[Newtons law for block of mass M’]

_F
M+m+M'

= N =M

N =(m+ M) =N>N

M+m+M'

F=ma

(2)

In free fall gravitation force acts.

(2)
T T cosoO

T sind

mg
Point A is mass less so net force on it most be zero
otherwise it will have « acceleration.
= F—-Tsind =0 [Equilibrium of A in horizontal
direction]

F

= T= sin®

(4)

Q.13

Q.14

T *~.. Toosf,Tcosd .-7 7T
T 9 0 T
d.p
T sind A T sin®
150 N

T cos® + T cosd — 150 = 0 [Equilibrium of point A]
2T cosb =150
75

T="c0s0

When string become straight 6 becomes 90°
=T=w

3

r
va0|C Ta

-

la Al 1o

10-T,=1a[ Newton'sll law for A ]
T,+30-T,=3a[ Newton'sll law for B ]
T, —30=3a[ Newton's|I law for C]

= a= g
7
69
= T,= =
(2
From horizontal equilibrium
To Tl‘/";’
2 2
T,sin60° T,sin30°
P 5Kg. b
T,cos60° l, T,cos30°
50'N



Q.15

Q.16

Q.17

Q.18

Ty = \/73-'—1
From vertical equilibrium

T3 L
2 2

= T,=25N, T, =25/3N
(2)

Component of force

iny direction is

N, sin 60° = 500

N, = 1000
SN
Na Q.19
A
NB\\ 60 B
60°
________ 30°RL Q.20
Component of force
in x direction is
N, cos 60° = N
500
Ng =—
= B \/é
(3)
m . m, |5 M| T 60N
1 Q.21

Take asystem (m, + m, +m,)
T,=(m+m,+m,)a
60 =60 a
a=0 12
60
For body m,
T,-T,=ma
60-T,=30
T,=30N

(2)

T=mg

2T cos 6 = Mg

From equation (i) and (ii)
= 2mg cos 6 = Mg

0 dways>0soM <2m

()
..(ii)

Q.22

(3)

Newton’s Laws of Motion and Friction

WT

(A)2T =W, T=WI/2
(B) W = 2T cos 6
W
2cos6
In (C) option 6 is greater so
secO T, TT
If tension is more then string may be break-

T=

(1)

Relative acceleration Man and car is zero during the
journey

N=0

(1)

10
Att=ZSec:a=7 =5m/s?

0 x5=0.25N
1000

So, F=ma=

Att=4sec

a=0% F=0

= Att =6 sec,

= a=-5m/¥¥ = F=-025N

(3)

M, gsina M, gsinfp
M,gsina—-T=M., [Newton's Il law for
M.]

T-MgsinB = M.,a [Newton's Il law
for M ]

By adding both equations

M,sino—M; sinf
a= M;+M, 9
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Newton’s Laws of Motion and Friction

Casel
120° 120°
120°
F F
T, T,
Due to symmetry we can say net force on body M is
O.
T, T, - acceleration is O.
Q.25 (3
o .
3
mg — 2 mg=ma [Newton’sll law for man]
mg 2mg
-9
T,—mg = ma, [Newton's1l law for m] = a=y
26 (2
2mg-T, =2ma, [Newton's |l law for 2m] Q (F)
2m 2m F
= 31:% @g < ém -
Ni N, N> N,
Case 2 F
Acceleration = ~—
3m
F
tact force N, = =
con orce N, = am 3
2mF 2
a?T N, =" -ZF N ‘N =1 -
2= 3m 3 =N IN,=1:2
F F=2mg md Q27 (2
F—mg = ma[Newton’s |l law for m] 100
= 2mg-mg=ma, =a,=g=a,>a
Q.23 (3
Amig 6 mis Skaf ... T
R —
m—>»F mr—F
70+50
—> a
m+m, —>F
100
F=m_ 4 [Newton's!l law for m ]
F=m,6 [Newton's|l law for m,]
F=(m +m)a[Newton'sIl law for (m, + m,)] M=2.5kg
9L N £ 1 | dmisec
= F= 276 =1= 276 = a=24ms.
Q24 (4 T+25
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Q.28

Q.29

Q.30

Q.31

120 - 100 = 5a

20
a= 5 = a=4m/&

T+25-100=25x%x4
T=85N

(3)
T-mg=ma
Mg-T=Ma
from (1) and (2)

a_[M—mj
(M+m g

Put M >>m
= a=g
.. T=2mg,
2T =4mg

(2)
F=6i-8]+10k

(1)

..(i)

(1)

-(2)
Q.32
Q.33

m=10 /2 kg.

2F

Q.34

Newton’s Laws of Motion and Friction

M
5]
771777777777 7777777777777 /777777777 777777777 77777777777,

Mgsind —T =Ma [Newton's|l law for block 1]
T=Ma

[Newton's |1 law for block 2]

By dividing both equations

. Mg sin6
2T=Mgsm9T=T
(3)

4 4

T T

w] fa [ o

mg mg

N N
T-mg=ma (1)
mg-T=ma (i)

On solving equation (i) and (ii)

m, —m
a=| M2”M g
my +m,

(1)

T T,
Yy
m,g Mgg
T,

T,—T,-mag=mya

T, —mgg = mpa

T, —(My +mg)g = (M, +mg)
T, =mg(a+g)

T _Ma+Mg
T, Mg

(2)
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Newton’s Laws of Motion and Friction

Q35 (4) 646

T.=m_g=25x10=250 Vo, 5 0
T = 250 (max)
T
20g
250-200=204a
a., =25ms
Q.36 ((31)¢ ol = v, l=1v,,[=0
=y =
. vV, =-V,
mg sind ¢ . velocity of C is
=4 m/s
Q37 (3 Q41 (1)
I '
¢129 T a=2.2m/s’
10
'
I
Here Resultant vel. of block 'B'isv
So component of resultant in the direction of V' is
¢89 T a=2.2m/s’ vecos37°=V', vcos37°=20
V= 20><5:25m/s

T, —8g=8a[ Newton's|I law for 8 kg block] Q.42 (4)
= T,=8%x22+8x98=96N
T,-12g-T,=12a v
= T,=12x22+12x98+96
T,=240N Ugio
Q.38 (1) p Q
V,-V,-v,+v,=0
From constrained
~5-5-5+v,=0 ]
v, =15m/s

From constrained
The resultant vel. of the Block M is v in vertical

. 1 -
Q-39 I(: ) ined direction.
rom constrain So component of 'v' is direction of uis
+2-v,-v,+1=0 u
vg =3/2m/s?T VeoshEu=vE g

Q.40 (2)
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Q.43

Q.44

Q.45

Q.46

(3)

90°—-6

OB LV
///////\(Je/////////

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

vcosO=usno
v=utan©o

(2)

u cos(}

The length of string AB is constant.
= speed A and B aong the string are sameu sinf =
Y

usne=Vu= sino

(3)

2

0+ 0+ 0+ 0,=C

de, de, de, de,
at T dt T dt T dt

Q.47

Q.48

Q.49

Newton’s Laws of Motion and Friction

—~v-v+0+v+2=0
v =2m/s

(2)
Let AB=/,B=(x,Y)

Vg :fo+Vy]

Vg = VB3I + v, ()
X2+ y2= (2
2xv,+2yv =0

Y. _
= 3+;Vy—0

= |3 *+(tan60’) v, =0
= VvV, == 1
Hence from (i)

Vg = \/§'A _]
Hence

v, =2m/s

(3)

AT T T T

by ly L, Ly are remain constant. £, + (= constant

so, £, will also be constant, so, only velocity of B
is along horizontal = 2 m/s

(4)

2m/s

V = (velcoity of B w.r.t ground)

V-4
- =2V = 8 m/s (velcoity of B w.r.t ground)

V' =6 m/s (velcoity of B w.r.t lift)
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Newton’s Laws of Motion and Friction

Q.50 (1) Q.54

m, = 30 kg

F = 180N

F=ma
180 =20 a,
= a=9m¢

Net force on m, is O therefore acceleration of m, is
0.

[Newton's |1 law for m ]

Q51 (3)

Q.55

2T

T T

m, m, m,

\La

2T=mg (1)

mg-T=ma (2

T-mg=m,a (3
4 1 1

on solving m, m, m,

Q52 (2
18kg at rest => 180 = 2F
F = 90N

Q.56

Q.53 (3)

n

Q.57

18kg

(@ T=mg+ma
T=mg

(2) T=mg-ma

78

(1)
TT TT
v@_' = ‘71
T T
T T
mg:10 mg=10

T —mg =0 [ Equilibrium of block]

T-10=0

T=10

Reading of spring balanceis same astensionisspring
balance.

(4)

kx kx
e L0 S

F—-kx=m, a [Newton’sll law for M,]
kx =m,a, [Newton's |l law for M,]
By adding both equations.

F=ma +ma=a="—
(3)
a
—_—
T T T
2kg — — TN ——

O O

Reading of spring balance is same as tension in the
balance.

= T=10g =98N

T=2a[Newton'sll law for 2 kg block]

= a=49m/s

(2)
10kg 20kg
200N
—_— —_
12m/s a
F=ma +ma, [Newton'slaw for system]



Q.58

Q.59

Q.60

Q.61

Q.62

200=10x12+20x a

a=4m/s
(3
(2
__2mm,g _ 2x5x1x10 50
(m+m,) — 6 -3
100

2T =— = 33.3k
3 g

The spring balance reads
2T = 33.33kgwt < 60kgwt

(2)
2ms® —
3 kg [ UTIIT | 2 kg —=10N
10-kx=2x2
kx=6N
2m/s?
—>
kx 10N

6
.. Acceleration of 3 kg = 3= 2 m/s

(4)
Weight of man in stationary lift is mg.

|

mg—N =ma [Newton's I law for man]
= N=m(g-2a)

mg

Weight of man in moving lift is equal to N.

mg 3 g
= m(g-a) 27873
(1)
F<f, . —>F
fe
friction=F
ForF>f

friction constant

Q.63

Q.64

Q.65

Q.66

Q.67

Newton’s Laws of Motion and Friction

(1)

(1)

Monkey is moving up due to friction force

f. —mg=ma
f. = m(a+g)
towards up.

(3)
Floor will provide the normal force and friction force
the net reaction is provide by the floor is R.

floor

(4)

m,gsin 30 = um, gcos30

m, gsin40 = pm,gcos40

Does not depend on mass so all three are possible.

(2)

f . > Mg sind

0T sino®

at this condition block remains rest when
mgsind >f

dliping slant

For 6 < angle of repose
F.=mg
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Newton’s Laws of Motion and Friction

For 6 > angle of repose o 0
as6 T f=pmgcos6 23|n§cosE

p <

2c0s? 0
N =mgcosf | 2
Q.68 (2 < tan%
uxL(l_ljg:xkg Q72 (1)
n n Friction not depend on surface Area
so angle remain same.
.. Angle=30°
.73 3
I . Q73 (3
V=u+at = a, =-ug
a,=-ug = a=same = u=same
Time taken to stop is also same
_ 1 Does not depend on mass
n-1
Q69 (2 Q.74 (3)
f . = 1 mg cosd
V3 S F
fsmax =0.7x2x9.8x— = 7,/3 Esing
2 N /
mg sind = 9.8 T 0 s
As mgsinb <f___ so friction requird is mgsino. m Fcos 8
I IIIIII/IIIIjj/IIIIIIII T
f <«
Q.70 (1) f, mg
N = mg cos 6
f<uN Fsn6+N=mg
mgsin 6 <pmgcoso ;
g>1 nmg mgsin? or N=mg-Fsino (1)
H= f =uN (2
071 () Fcos6—f =ma .(3)
N=Mg-Mgcos0 , f__ = uN on solving (1), (2) & (3)
fmaX.: uMg(1-coso) 4 0080 —p(mg - Fsin6)
Mgsino > f__ m
Mgsin® > uMg(1- cos0)
Mg coso Q.75 (1)
N F=mg move with a constant velocity
>Mg sine So ma= mu g (in negative direction)
M a=ug

= VZ-Uu?=2as V>=V’>+2as

Mg
v =,/2ugs herev,=0,v,=v
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Q.77

Let length is ¢ of inclined plane, then
f.=uN=pmgcos0 (whenfriction is present)
mgsin 0 —f =ma

a = g(sin6—u cosd)

mgsin® —pmgcosd =ma ...(1)

Now / = %atl2 = %g(sine— ncoso)t,’

Now ¢, =/¢,=(

Without friction

ma=mgsind, a=gsnd
2

(. =/= %gsinetzz

t, =2, t?=tandt,=t/2

%g(sine)—pcose)t2 =%g(sine—0x cose)(
4(ssn®—pcosO)=sin6

3
= u= Z =0.75
(1)
V2 =2xgsinOx|

V2
— = 2x(gsin®—pgcoso)
n

sine(l—in =pcoso
n

Q= tane(l—izj
n

JEE-ADVANCED
OBJECTIVE QUESTIONS

Q.1

(B)

o

L]
‘ng+bv

In upward motion

2

r
4

Q.2

Q.3

Q.5

Newton’s Laws of Motion and Friction

asv i

Force 4

acceleration 4

and takes less time to reach at top.

(B)
F, may beequal to F,

(A)

T sind T sind

g
T,cos45° = T,cos45°
= T1 = T2
(T,+ T, sin45°=mg

V2 T,=mg

mg
Tl_\/é'
T

Tsinezmg+Tl2

. mg .
Tsme=mg+7 ......... 0

TcosG:L:m (i)
\/E o e

dividing (i) and (i)

M+m/2 2M
tanf= ——— =
m/2

(©
v=utat +af, +af,
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Newton’s Laws of Motion and Friction

Q6 (O

Q8 (B)
‘ D
w 2mg
a
w—f=maw-ma=g ‘T
m 2mg
mg
m
, ; a3T
A mg
I mg

Q7 (A

e o] g ﬁ

_2mg-mg __ (2m-m)g 0
B m &= omem &7
- -9
8=08=7
So, a >a,>a,
Q.9 ©
N
®
©°
é\(\% @g
WO
N =Mgcos6 — forceeserted by plane on the block.
mg Q.10 (B)
ma
In vertical direction /M
N, N,\/3
50+T;:27 (1) 5 mg
In horizontal direction macosd = mg sind
N N a = gtand
le—z ©) N = mgcosd + masind
2 2 aen
H)
m
On solving eq" (1) and (2) we get ~ mgcosd + mgsin“ 0 _ g
N, and N coso coso
1 2

N, = 96.59 N, N, = 136.6 N
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Q.11

Q.12

Q.13

Q.14

(A)
legnth of
groove =

NF+H

=5m

acceleration along the incline = gsin® = g sin 30° =
g/2

acceleration along the groove = g/2 cos (90-a) = g/

gl

2sno = %X = 4m/s

v2=2as

V= J2x4x5 = /40 m/sec.

©
(A) 40 cos 30° = 20,/3 N

(B) weight = 5kg
(C) Net = zero

(B)

M = 250 kg
_F_0 _2 100 1
% m 250 5 M™&T 500 " 5
ag
aAﬁ
Now  «—— 100m —
— > a, ta,
_ 2.1 3
p=a*ta= gt
1 2 1 3] 2
S t 100=—| = |t
100 2(a1+a2) = 2[5
t? = 333.33
t =18.25 =18.3 sec
©
Given
a+b+c+d+e=3 (1)
b+c+d+e=—i -(2)

Q.15

Q.16

Q.17

Newton’s Laws of Motion and Friction
a+c+d+e=24] (3
D-@ = a=4

(1)-(3 = b=3-24j

Now @+ b = 7i — 24]
|a+b|= 49+ (24)* =25

(D)
Case-1 seen from ground is same as Case-2 seen from
train.

2

A,

x = 20 cos6 N
y =16 cosb R
- 0sne D
Vaa T
Y esne®
u= dt =—lb sn dt

=2y=08
= U—5V— .oV

(A)

Let L, and L, be the portions (of length) of rope on
left and right surface of wedge as shown

*. magnitude of acceleration of rope

A\

ST/ 777777777777 777777

M . .
T[Llsmoc—LzsmB]g

a= M =0

(- L,sina=L,sinB)

(A)
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Newton’s Laws of Motion and Friction

Q.18

Q.19

Q.20

Q.21

84

From constrained
a+a+a+a=0
_a_aB_aB+f:0

From constrained
a+atatata+a =0
- +2+2-1-1-a.=0
a. =1ms T

(A)

—>
0.6mis 4

. 26 )
i
B '

1

From constrained
v1+v2+v3+v4:O
v-06-06-06=0
V=18 m/s

(A)

In horizontal direction net acceleration is zero.

So, bcosa, =acosa,

acosa,
cosa.,

b:

(B)
By setting string length constant

Va e —le—y— Vo
<)
A i__0O— B
L = 3,+24
= §% = gvxyo
2
— —_ VO .
Vg = V,—V, = > towards right.

Q.22

Q.23

Q.24

(A)

i

s

////////////////////////////////////////////////

a %
From Constrain equation
2a=3b (1)

T 2T

F—-2T =2ma (2
3T =4mb (3)
On solving (1), (2) & (3)

3F
17

. T
< 2m _EZZT

b=
(B)

—>T

am

o 15

constrain equation 2a=3b + ¢ (1)
F-2T =2ma (2
T=mc (3
3T =4mb (4

3F
on solving above four equation b = 51

m/ s

(A)




From Constrain eguation

—b+0+0-b/2 + bﬁ +a-— bﬁ =0
2 2
_3 .

a= 5 (1)

F.B.D of 8 kg block

T/2 T/2

-
T+NT\/§:8b )

F.B.D of 2 kg block

N, +mby3/2 A

Koy

N, +mb+/3/2
-
mb/2+mg\/§/2
mg/2
J3 mb
mg—+—-T=ma ..(3
95+ 3
N+ mp Y3 - M9 (4)
2 2
On solving above four equation, we get
b= % m/s2
23
Q.25 (B)
element of

Q.26

Q.27

Newton’s Laws of Motion and Friction

F= I frgcosodo

n/2-l/r

F=\rg {1— cosﬂ
a= m.@[l— cosq
I m r

a= g[l— cosq
V4 r

(A)

Before cutting After cutting

kx  kx
3kg
39
kx
after cut the spring A.
3kg la
39
as 9K _15 e
3
(B)
=
2m
2rr%l'kx
T=Kx+2mg (i)
Kx =mg (i)
T=3mg

After cutting T=0
downwards net force

_3mg _ 3g
2m 2
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Newton’s Laws of Motion and Friction

Q.28

Q.29

Q.30

86

() A, (i) A, (iii) A, (iv) C, (V) B, (Vi) C, (vii) C, (viii)
B

1

%<

I_ 000001

(@ v=0orv=constant,a=0
w=m(g +a)
=10(g+0)
=100 N

(b) v=0or v = constant
a=upward = 2m/s
w=m(g+a)
=120 N

(c) v=0or v = constant
a=downward = 2m/s*
w=m(g-a)
=80N

(©)

Q.31

Q.32

20 pseudo

Tension in the string is 60N.
So spring balance reading
=6kgor 60N

(B)

Q.33
T1+T2= mg

T, T,
m

9

0000 E 000000

If upper spring is cut

T,
%Nsmg—Tz:mXG ..... 0]

mg

If lower spring iscut :
T,
ﬁna
¥
mg
adding (i) and (ii)
2mg—{T, +T} =m(a+6)
2mg—mg=m (a+ 6)

mg=m (a+ 6)
g=a+6

mg-T,=ma ... (i)

a=4m/s’.

(B)
T, = 900N

Pa
300N mg

900-300—mx 10 =ma 600 =m (10 + a)

600
10+a "
600

00 _ 89 i
10410 M7 20 TKC

(©)
For first case tension in spring will be
T,=2mg just after 'A' isreleased.

2Zmg-mg=ma=a=g
In second case T, = mg

T.= mg
T.=2mg
h & ]}
g 2mg
2mg—-mg = 2mb
b=g/2
ab=2

(A)




Q.34

Q.35

Q.36

F.B.D. of mass misw.r.t. trolley
Tsn(aw—-0)+mgsin6—F,=0 [Equilibrium of
mass in x direction w.r.t. trolley]

= Tsin(aa—0)+mgsin6-mgsind=0

= Tsn(a-0)=0

since T cant be zero, sin (oo — 0) must be zero

= a=0

(©

acceleration of point A and B must be some along
the line L to the surface
= asin0 =gcosd

a=gcoto

(©

_ Nsing
Y

along (- ve x axis)

@) A, (i) A, (iii) C, (iv) D, (v) B, (vi) D, (vii) B, (viii)

N =mg + ma

Q.37

Q.38

Q.39

Newton’s Laws of Motion and Friction

N =mg—ma

- L4t
w.m

Independent of the direction of velocity.

(B)
If v =0 or v = constant then frame is inertial.
(B)
N
\T/
f=uN \l'
mg

Friction force will more then man will not dlip.
N is More

(B)
T 1000/3
N
N T T
370 amax
1A
f
v
mg J
250
Tcos37° =f

N+ Tsin37°=mg

, 3T
. N=100g-Tsn37°=100g— —

5
and Tcos37°=pN
3T

T cos 37° = u(100 g — ?)

i T_lOOO 1
on solving =3 (p—s)
T-Mg=ma__
@—250=25><amax
3

g_10 2
===—m/s
A 3 3

87



Newton’s Laws of Motion and Friction

Q.40 (B)
= %lx/ﬁ—ul (2)

f =umgcoso

Now (1) = (2)
m
0006‘@ _ (\/é_l)
mgsing Lepf3=V3-p = = (\/§+1)
h=r-rcos0 Q.43 (A)

L mg cosd =mgsin 6

1
tan 0 = u cosb =
1+ p?

g M+m)gsin6
1 (M+jm)gcos6 (M+m)g
= — = 1-
h =r(1 — cosp) r[ m}
For equilibrium condition
M+m)g sin 6 = M + m) g cosd
04l () (M+m)g m( ) 9
tan0=p
Here u — coefficient of friction between board &
: N log.
P - (P+Qsino)
< Q.44 (A)
i i . .
(QcosH+mg) T=0

° (_l.:l_->
F
frA

f.=uN=p(mg+Q cosb)
f=P+Qsino B A
T
(P+Qsinb) m —>—< m >F
H= (mg + QCOSG) i
e— =
Mg > Kk p_smg Hs Mg
Q42 (O Initially

F-f,=0=t-pmg=0 =t=p_mg
[till or f ; = pmg, t—umg = p_ mg

t=2pu mg]
ZF/ 30° T= F_frA =frB
f = th_usmngrs

t=umg block bewill not move

ung <t < 2umg block be will not move,
static friction will work

after t > 2p mg kinetic friction will work

_F-u,mg—p, mg
m
So T=F-p mg-—maaftert=2u_mg

a

F =mg sin 30° + u mg cos 30°
=3

(1)
F +f =mgsin 60°
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Q.45 (B)

%mvg =umgL

V, =+/2ugL

Q.46 (A)

mgsin 0 —f =ma
= mgsin®—umgcos6=ma
g[sind —p cosO] =a

_ vav
a= "ix
vdv .
= = SN0 -pgx eSO [ = p

J.g[sine — X coso]dx = J.vdv
0 0

[Herev =0]
[Hereinitial & final velocity is zero]

X2
g[sin®x —p, ?cose] =0

2 tano

=X=
Ko

Q.47 (A)

x/2 \
j g(sin® —p,xcos0)dx = Ivdv
0

0

2 2

X Mo X \Y
sin0.——-—| — | cosf] =—
a ) (2] ] 5

2
Keeping thevaue
2 tan0sin0O
o 2tang _ y_ [Qtan6sind
Ho Ho
Q.48 (D)

a=gsnd - pgcosh
Atthex increases, u T ad

so when a= 0 instant give maximum speed

gsin 37° —(0.3) xg cos 37° =0

3
— —XXx8 =
6 10 0

Newton’s Laws of Motion and Friction

X = 60 =§:2.5m
3x8 8

(@B, (b) D, (A

(@ T—-mgsin45°=ma

=

T—m:Given a=i
V2 52
_6mg
5%

(b) 3mgsin45°—T —uN =3ma
3mg 6mg 3mg

NA _5«/5_5«/§:M(3m9005450)

n

| 5 a5 als) oM

_2
K= 5
) Tsin45°
Tsin45°
© T® T
2Tcos45°

So 2T cos45° =F
6mg 1

52 V2

2x

\F{3| > f,

4
—
iy
N
-~
Q
v
—
N

< 1 kg > f,
f,_=15N,f, =15N,f, =6N
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Newton’s Laws of Motion and Friction

Q.51

Q.52

Q.53

Q.54

90

(A)
System is at rest contract

SO, fb A s

p=0.2
b

5kg

mg=50

At rest

f=T=uN

N =50/0.2 = 250 newton
m,g + mg = 250

10x10 + m_x 10 = 250
som_ = 15kg

(D)

[ wovoeing

HHTIT TN T TE T T

a

Mae— m, Mg |

—»um,g —» 1m,g
8,=2-1ga, =a-ug

- f staticand f_kinetic

both provide same acceleration
tom, and m,.

So no relative motion between them
- x =0 (Always)

(©)

&
0.2xmg

Fort<lsec .. a,=2m/s

and velocity of truck is5 m/s

... Friction will act after 1 sec due to relative motion
between block and truck

5=2xt,t=25sec.

(A)

> f = umg=2m

{a=pg=02x10=2}
acceleration = 2 m/s?
So,4=2xt = t=2sec

Q.55 (C)

P |4kg
Q[ 5kg [—F
\p=0.1

f,=02x40=8N
f,=0.1x90=9N

Max. acceleration for systema= — =2 m/s?

oo

Minimum force needed to cause system to move =
9N

JEE-ADVANCED
MCQ/COMPREHENSION/COLUMN MATCHING

Q.1 (A B,C,D)
Newton's |11 Law.

Q2 (A,B,Q

F=at
az Moy
Todt T m

()

straight line curve 1 dv = % tdt

o t
v=— — curve2
m 2
(i)
divide (ii) by
_t _aan_a@m )
v—2a—2 o - 2a—> aacebole curve 2.
Q.3 (A,C)

T
0 F
3] = =
] F=2Tcos0 T 2000

pT cosgl TT
on incrcasing 0, cosd decreases and hence T
increases.

Q4 (B,D)




Q.5

Q.6

Q.7

T+mgsin®=ma ..(1)
mg—-T=ma ..(2)
on solving (1) & (2)

39 39
=y 175
(A,B,C) Q8
Slope of x —t curve gives velocity
Inregion AB, BC, CD have constant
slope.
=a=0
= net force=0

(A,B,D)

/I\T ,T\T

(A) T=mg<mg
Acceleration of m, is |

(B) T=m,g>mg
acceleation of m_ is T

(C) Masses is different
Not possible

(D) T-mg=ma
mg-T=m,a

(m, -m,)g Possible
(m;+m,)

onsolving 2=

equation for block A.

10x10xi_T=10aA ...... @

NG

equation for block B.

or- 20 _ 4

NG - I 3
Solving equation (1) , (2) & (3) we get
-5
a, = ﬁ m/s?

Q.9

Q.10

Newton’s Laws of Motion and Friction

aB=2—\/§m/S2

150

T=mg
when thred is burnt, tension in spring remains same
=m,g.

1

-m
mg-mg=ma (%j g= a=upwards

(A,C)
T = mgeff:Weff
= 5(10+2)
= 60N
= 6kgf
(B,.C)
12 m/s’ a
— >
AL 200 N

Apply NLM on the system
91



Newton’s Laws of Motion and Friction

Q.11

Q.12

Q.13

Q.14

Q.15

92

200=20a+ 12 x 10

80
% =a= 4m/s

spring Force =10 x 12=120 N

(C,D)
Pseudo force depends on acceleraton of frame and
mass of object

(B,D)
f.=N (Given)
s fo= INEA

Acceleration to conditionf =0 =f =N

(AB,C)

J ._,j
M 2

PIRTVTRTTRRRRRTATY

&
puN

Q.16

T—uN=ma

AsT T man

Can havetendency
to move

(A,B,C,D)

20 m/s2

(A) Acceleration of box = 20 m/s?
(when consider as system)

Force on Box

F=200N

N =200 N

fo=uUN=0.6x200=120N

B) f =mg =10x10 =100 N

Q.17

required

(©) f, =2 +N? =./(100) +(200)? =1005N

(B.C)

Q.18

T=mg
T =100 mg sin 37° + 0.3 x 100 g cos 37°
[Put g =9.8]
T =588 + 235.2
mg = 823.2 = m = 82.33 = 83 kg

(b)

R\
A\
&
T+f=ma
T + 235.2 = 588

T =588 - 2352 = 352.8
m = 35.28 kg

(A.B)

f =15=p N

staticmay
_15_15 15 _
"N " mg~ 25
Now let p, then

15-f =ma=15-p, 25=25a

_15-2.5a
H="55

0.6

(1)

1 1
Nowx=ut+§ a’=10=0+ 5 x ax (5)?

10x2 4 4
bl P = _m/s
5x5 5 2§

15-25x4/5

Fhe 25

= a=

=0.52

(B)

FBD of Block in ground frame :
applying N.L.

150 + 450 - 10 M = 5M

150 N
600
= I5M=600=>M=— 450 N
15 )
TSm/s
=M =40KgAns.
Mg =10 M

Normal on block is the reading of weighing machine
i.e. 150 N.

(D)
If lift is stopped & equilibrium is reached then



Q.19

Q.20

T=450N
450 + N = 400

Mg = 400 M

=N=-50

So block will lose the contact with weighing
machine thus reading of weighing machinewill be
zero.

AT
[
N
409
40 Kg.

T =40 g So reading of spring balance will be

(A)

T=450N
N =400 N

40Kg [ ] Ta

Mg = 400 N

_ 950400

a 40

_ 450 45
:>a—4—0 =7 m/s?> Ans.
©

_ 10t
ap— E_
dv

— =t

dt

v t
- !dv:J;tdt

t2
v —
=V=5

t

Puttingv =2 wehavet =2 sec.

ofeT e
..Xp— 60 —5

Xg=2%2 =4m

Now d—X—ﬁ
da 2

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

Newton’s Laws of Motion and Friction

wlh
I
wl oo
3

Hence relative displacement =4 —

(B)
From above

3
Zt:%:t2:12 =t=2,/3 =

©)
a=t=4 .. after 4seconds V =2m/s
2

4
Vp= ? =8mls..V =8-2=6ms.

(A)

Tensionat A
T,=mg=10N

(B)

Tension at B

1
(mass of length AB = 5 Kg)
T,=19g+059g=15N

©

(mass of lengthAC = 1 Kg)
Force exertd by support =T _
=1g+1g=20N

(A)

S, is accelerating frame so psuedo force act
opposite to frame acceleration

Foseudo = Mass of analyzing body x acceleration of
frame

= 2(-51 —10]) = —10i — 20j
(B)

S, isinertial frame
F=ma

So F=10i + 20j

(A)
With respect to S, frame
Net force = zero.
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Newton’s Laws of Motion and Friction

Q.29

Q.30

Q.31

Q.32

94

(©)

i

Rough(w)

Smooth

mg>uMg
m>uM

(A.C)

(A) m<uM
systemisat rest T = mg
mg—T =ma

= T=mg—-ma

& T-uMg =Ma

= T=Ma+uMg
onanalysing p Mg<T<mg

{m>pM}

(A,D)
Smooth | m U
ks
_F) '\/l0
Rough(p)
777779777777777777977777777
(A) WhenF=0

No frictinb/w m & M, so system move.
(B) When Fisapplied then friction develope arange
for which M and m are stationary w.r.t M, such that

[

m or m

‘l’f mg mg

(C) Limiting friction between M & mis p ma
. Dependent on a

(D) When Pseudo actson M isequal to T
thenf =0

(BC)
a
—_—>
e i
f T
_F) '\/ID m
{ mg
Q) (@]

Use Pseudo concept

T=Ma (1)
T=f+mg
= T=pma+ma (2

Onusing (1) & (2)
Ma=p ma+ mg

(A)p,r B)p,r (C)a,s (D)q.r

(A) Let the horizontal component of velocity be u .
Then between the two instants (time interval T) the
projectile is at same height, the net displacement
(u,T) is horizontal

uT

X

T

.. average velocity = =u, = (A) pr

(B) Let i and ] be unit vectors in direction of east
and north respectively.

" Ve =20], Vec =20i and Vea =—20]

" —Vap =Vic +Ves +Vea = 20]—20i -20] =
~20i

. Vap=20i Hence Vo =Vec = (B) P, ¥

(C) Net force exerted by earth on block of mass 8 kg
is shown in FBD and normal reaction exerted by 8
kg block on earth is 120 N downwards.

120N (Normal reaction)

I8kgT

80N (weight)

40N (net force by earth)

- ! 8kg

Hence both forces in the statement are different in
magnitude and opposite in direction. = (C) q,s
(D) For magnitude of displacement to be less than
distance, the particle should turn back. Since the
magnitude of final velocity (v) islessthan magnitude
of initial velocity (u), the nature of motion is as
shown.

u—>
@

.. Average velocity isin direction of initial velocity

and magnitude of average velocity = u_;v is



Q.34

lessthan u becausev<u. = (C) g,r

(A)g B)r (C)q (D)r
Let a be acceleration of two block system towards
right
Fz — Fl
S 8% m +m,

The FB.D. of m,is

a, Q.2

< m,

L >F,
-

~F-T=m,a

mm, (F R
m+m,{m, m,
(B) Replace F, by —F isresult of A

m1m2 FZ Fl
~T= m+m,{m, m

Solving T =

(C) Let abeacceleration of two block system towards
| eft

Fz — Fl
S8 mo4m,
The FBD of m, is
a
b
—> <—F,
N
Q.3
S F,=N,=ma
ml m2 I::I. F2
Solving N= m, +m, (ml mzj
(D) Replace F, by —F, inresult of C
mm, (K, K
N= m+m,{m, m,
NUMERICAL VALUE BASED
Q1 [7]
f
Iaz(w.r.t. rod)
39
(w.r.t. g?(l)und) vy Q4

4gf

Newton’s Laws of Motion and Friction

Acat/g :_a1]+azj:6

a=a=a ..(i)
4g+f=4a (i)
3a+f-3g=3a )

on solving above equation

)

n=7
[0020]
For the dog,
N +Tsin6—-Mg=0 (vertical)
F—Tcos® =0
(horizontal)
For maximum extension, f
= uN
For spring, Tcosb —kx =0
(horizontal)

We have four unknowns
(N, T, F, x) and four equa-

tions.
Solvefor T:
Tcosd = kx

= T = kx/cosd
Substitute for F and solve

for N

uN —Tcosd =0
= N = TcosO/p =
kx/p

15 m/s —
50N

Considering motion of the block w.r..t the inclined
plane

Pseudo force on block F,=25N
Applying Newton's law on the block in direction
perpendicular to the inclined surface,

N = 25 sin 37° + 50 cos 37°

N =15+ 40

N =55 Newton
By Newton's Third law,
this force exerted by inclined plane on the block
is equal to the force exerted by the block on the
inclined plane

8]
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Newton’s Laws of Motion and Friction
For equilibrium,
10=8+T (D)
T+f,=20 ..(ii)
= f,=18N
Q5 [10 sec]
6
%% 145
N=1x1=1N

=1ms>

0=v0—5 xt

t = 10 sec.

Q6 [4
a=4t

att =1 sec, slipping occure
ma= pmg

4=pg

u,=04

t = 1— t =3 slipping occur
biw t=1& t=2sec

dv

(4 -w9) =4

2

V= [Zt2 —ukgt]1
vV=2x3-ug

3us
My

=4

W = 0.3,

Q.7  [10]
a, and a, w.r.t. ground

32: uvmg:lmlsz

Plank as frame of reference

a,=3ms’

>

A

96

Plank comes to rest

V

for minimum time, man will acceleration and retard

with a, , for equal timeinterval t.
Areaof v vst graph = displacment

S (@0(E) =75 t=5

minimum time = 2t = 10 sec

[2000 N]
p=05
£, A B | 10kg
90 kg

acceleration of the blocks, a= ——
100

FBD of B,

v

109

Applying Newton's|1 Law in horizontal for block B,

N =10 F
= X —
100

For limiting condition f = u N
f=10¢
uN > 10g

05x 10
. F
T

F > 2000 N.



KVPY

PREVIOUS YEAR'S
Q1 (A
@ TT C>IT
m m
RIS
mg mg

T=k,x—mg=ma,
kx+mg—T =ma,
By constraint relation

=8
Q2 (B)
F=Mg=T
When springiscut g, =0
mg
0 M-m
For M n={——19
m
mg
Q3 (B)
Letf = Kt
Att=2F=2=K2"
t=4 F=16=K*
16 (4)"
—=|=-| =2"=n=3
~ 2 (J
FeKZ=oK =~
= == _4
3
et
4

= —=2m
t=3sec 16
256
= —=mV,
t=4 16 f
Vi 2By 632
2 81
Q4 (A

According to free body diagram

Newton’s Laws of Motion and Friction

—a —a
N 4 [=mn

%
F-N=8 ... 1)
N=2a (2)
f=2g=20 (3
=uN=20
20 20
N=2"=22 240
=N=""=05"% .. 4
=N=2a
N 40
a=—=—=20m/s
S = S 0ms (5)

F =N + 8a= 10 a[from equation (1)]
F =10 x 20 = 200 newton

(A)

g y
—t—>
) |<—d: lm—>|
a=ug
Velocity after time't
V=V, —ugt
v>0= vy 2 gt (1)

Displacement in time ‘t’

szv&—iuqz
2
1
1=2v, —EHQ(Z)Z
V_G+g] )
075 X (i)
1
§+ug>2m (t=2 sec)
1
—+ug>2
5 ng>ug
9<l
H9<3

< —
n 2g

pn<0.05
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Newton’s Laws of Motion and Friction

JEE-MAIN
PREVIOUS YEAR'S

Q.1

Q.2

Q.3

Q.4

98

(1)

20
6)(:7 =10 m/s?

1
X:0+EX1OX102:500m

[492]

mg—-V T=ma
T=m(g-2
=60[10-1.8]
=60x 82
=492 N

(3]

F cos 60° |
*.

F sin 60°
Fcos60° = u(3g + Fsin60°)

F J3F
S

Q.5

Q.6

Q.7

Q.8

F=N, f=02xN

[

v

?
W [\\\\
z

mg = 5N

02N<5
N<25

[30]

uN T

9

N+T=90
T= u N=05(90-T)
15T =45

T=30

(2
Fsin O _

s

>F cos O

N=mg-fsino
Fcos0 —p,N=ma
Fcos0 —p, (mg—Fsin0)=ma

a= %cose — Lk {g—%si neJ

[21]



Newton’s Laws of Motion and Friction

3 F = 2N = (+ve) constant
8 = MO =5 x9.8 During downward motion

F=(M+m)a_=5a F=2N
= 21 Newton

max

V = congtant (+ve)

Q.9
mgsing
= F = 2N = (-ve) constant
= Best possible answer is option (2)
F cos 6=uN
F cos 6+N= mg Q17 (4
mg let acceleration of wedge is a, and acceleration of
= —m block w.r.t. wedgeisa,
1 P
—x10
F _ ng — \/§ _5 o
min — > 2 - Ncos60
\/1+M = <--ee]
NE
Q.10 (4)
N cos 60° = Ma, = 16a
= N =32a
F.B.D. of block w.r.t. wedge
Here F+F,+F, =0
Rk
Since F,, =0 (equilibrium)
Both statements correct
Q1 (2 1 to incline
012 (1) N = 8g cos 30° — 8a, sin 30° = 32a = 4./39—44
3
Q.13 (2 =a= %9
Q.14 (3 Along incline
8gsin30° + 8a,c0s30° = ma, = 83,
A5 (2
N @) , 1 3 3 29
a“=gx—+—0g—=—
Q.16 (2 _ 2 92 3
During upward motion Option (4)
Q) Q.18 (4
)
EIR Q19 (4)
//(?g
AN / tve
D
L
>
& 0
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Newton’s Laws of Motion and Friction

Q.20

Q.21

100

Ft

W
a
|
mg
d
Fthrua = (d_T'Vrel j

dm
—V ,—-mg|=ma
(dt e g)

= (Z—zjsoo—loS «10=10°x 20

dm
—— =(60kg/
o = (60kg/s)

Option (4)
(2

(3)

W

mgsin30°
30°

On smooth incline
a=gsin30°

1

by S=ut+ — at’

y o=u 2
pumgcos30

mgsin30°
30°

On rough incline
a=gsin30° — ug cos 30°

1
by S=ut+ Eat2

S=%g(l—@u)(aT)2 ..... (ii)

Q.22

Q.23

By (i) and (ii)

%gTZ =%g(1—\/§u)a2T2

1 a’-1) 1
:>l—\/§g:?:>g:( o j%
= x=3.00
(3]

[19]

JEE-ADVANCED
PREVIOUS YEAR'S

Q.1

Q.2

(A)

N3

? tan0 >
0

P, = mgsin® — umgcosd
P, = mgsind + pmgcosd

Initially block hastendency to slide down and as tan6
> u, maximum friction pmgcosd will act in positive
direction. When magnitude P is increased from P, to
P,, friction reverse its direction from positive to
negative and becomes maximum i.e.umgcoso in

opposite direction.

_mg_ umg. . .
SRR = 2
F, =3F,
1+pu=3-3u
aqu =2
_1
=2
N = 10p
N=5



Q3 (A0

f=0,If sSin@ = cosd = 0=45°

f towards Q, sind > cosb = 0>45°

f towards P, sin0 < cosd = 0<45°
Q4 (D)

Block will not dlip if
(m, +m,) gsind <pm,gcosd

3
3sno < (E) (2) cosH

g < =
av =7g

>

(P) 6 =5° friction is static f=(m, +m,)gsind
(Q) 6 = 10° friction is static f=(m +m,)gsino
(R) 6 = 15° friction is kinetic f = um,g coso
(S) 6 =20° friction iskinetic f = um,g coso

Q5 (A,B,D)

dk 1 5
=t k==mv
a | 8s 2

dk dv
S—=MV—=

dt dt n

Newton’s Laws of Motion and Friction

a=ﬂ = \/1 = congtant
dt m

since F = ma

- F= m\/z = /ym = congtant
m

(©)

_ 2(2m)(m) G

T 3m

—-a,)
: 4m
=73 (9-a)

8m

— (@-a)—kx=2ma,

8Mg 8ma
3 3

8Mg kx — 14ma,
3 3

8Mg—3kx

14m

—kx =2ma,

_ 8mg—3kx
~ 14m

v_dv_(8Mg_3kxj
dx \14m 14m

j vdv:ﬁ j (8Mg—3kx)dx

for max elongation

1%
- —— | (8mg —3kx)dx
0 14m£( g — 3kx)

2
__ 1 (SM OX, — 3kx0j
14m 2

3Kkx};

8Mgx, = >

101



Newton’s Laws of Motion and Friction

16Mg

v 1 Xo/2
vdv =—— 8Mg— 3kx)dx
I 14m -([ (BMg )

1 (8Mgx, 3kx;
14m 2 2x4

1 [8MgX16Mg_3_xX16Mzgz]

V= T7ml 2 7 3x 8 3xx3x
1 [(eam’g® 2M°g” Q.7
T 7m 3x 3x
62Mg?
2= —— =
VT Tk
For acc. 2a, = a, + a, therefore
a-a=a-§
_ 8Mg—3kx,/4
- 14m
B @_ 3kx,
T 14 14mx4

8y 3 X16Mg
14 14mx4  3X

_8_ 4

14 14
_49_

14 7

OR
8mg 8m
T—?al—kx=2ma1
14m _*[_ﬁm}
3 &% 3

* [, _8mg]
al_—m|:x 3k} ..... (I)

that means, block 2m (connected with the spring) will

8mg
perform SHM about x, = Ttherefore.

. L . 16mg
maximum elongation in the spring x, = 2x, = T3
on comparing equation (1) with

a=—0*(X—X,)

NE
®= \14m

X
at(;oj , block will be passing through its mean posi-

tion therefore at mean position

v.ZA _8mg | 3k
0TAC= T3\ 1am

Ao ox=t
. 4 —> X= 2
Ay

cc 2

4mg 3h 29

3k 14m 7
(2.00)

100

Let T, =tension in steel wire
_TC = 'I_'ens on in copper wire
in x direction

T cos30° = T, cos60°

J3 1

iny direction
T, sin30° + T sin60° = 100
Te T3
2 2
Solving equation (i) & (ii)
T.=50N
T,=50 V3N
We know
AL= &
~AY
ALg  Tcle  AsYs
T ALg T AQYe Tels
On solving above equation

AL,
Alg
Ans. 2.00

=100 .. (ii)




