Basic Mathematics
1 & Measurements

Single Correct Option
1, K= 1mv2
2

AK Am Av
p— =— 4+ 27
K ),.x m v

Maximum error = 2% + 2 (3%)
In the estimate of,
kinetic energy (K) = 8%
Option (c) is correct.
2. d="="
V 1

(Aj x 100) - (Aﬂ x 100) +3(All %100

m
=4% + 3(3%)
=13%

Option (d) is correct.

3. p= E = E

A I’

. Permissible error in pressure ( p)
=4% + 2(2%)
=8%

Option (a) is correct.

4 pVi=pY

= ba= D ﬁ

v,
_ Vi
PV T 10% of V,
Py

Section I

bk
P 9
, ) 100
. Percentage increase in pressure = 5
=111
Option (a) is correct.

p)

. K=L

2m

.. Error in the measurement of kinetic
energy (K)

=2x100%

=200%

Option (d) is correct.

. 3400 = 3.400 x 103

. Number of significant figures =2

Option (d) is correct.

. A=3124m x3002m

=9.378 /248 m?
=9.378 m?
Option (a) is correct.

_ constant
TR
K =11o?
2
= 1 (g MR? )0)
2\5

= constant x R?



10.

11. I

12.
13.

14.

15.

.. Decrease in R (radius) by 2% world
increase g by 4% and decrease K
(rotational kinetic energy) by 4%.

Option (b) is correct.
Heat (H) = 2Rt
. Maximum error in measuring heat (H)
=22%) + 1% + 1%
=6%
Option (b) is correct.
V =1bt
=12x6x245
=1764
=1764 x 10* cm?®
=2x10% cm?

Option (b) is correct.
P

an?

i.e., Ir? = constant

i.e., if r is increased by 2% the intensity
will decrease by 4%.

Option (d) is correct.
Option (b) is correct.
V= 4 nrd
3
AV _g4r
1% r
=3(1%)
=3%
Option (c) is correct.
a® = 6a” (given)
L a=6
=V =6"=216m?
Option (b) is correct.

l
g:4n2F

(Ag X 100) = ATZ x 100+ 2 (Af X 100)

g max
—(1mm L 100)+2 (70'15 x 10)
100m 2003
=01% +01% =0.2%

Option (a) is correct.
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t

16. Q=T ae @Veob (given)
We know that
Q=1It
ol
t =oe (AV)€0B
= [a]l=T[¢]
¢l
d =
and [B] [(AV)SO]
ol lave) el
= = = _—
o (AV)eg,t (AV) | &,
_ 141
[Resistance] | g,
[ B } _ 1 1
ol [MI2T3A2][ML3T*A%]
= [L‘llT] = [velocity]
1
1 o€, ]1/2

Option (a) is correct.

17. a=m

s’
(% X 100) = 1 (Ap X 100) + I(Aq X 100)
a max p 2\ q
+2 (ﬂ X 100) + 3(E X 100)
r S

= %(1%) + %(3%) +2(0.5%) + 3(0.33%)

=0.5% +1.5% +1% + 1%
=4%
Option (c) is correct.

18. Least count of main scale

=2ﬂ=0.5 mm
4

least count of main scale
50

Least count =

=0.1mm
Zero error = — 30 x 0.01 mm
=-0.3 mm

(—ive sign, zero of circular scale is lying
above observed reading of plate thick)

=2MSR + 20 CSR
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=(2x05mm) + (20 x 0.01 mm)
=1mm + 0.2 mm
= 1.2 mm.
Plate thickness (corrected reading)
More than One Correct Options

1. Maximum percentage error in x :

= observed reading — zero error
=12mm + 0.3 mm
=15 mm

Option (d) is correct.

= (% errorin a) + 2(% error in b) +3 (% error in c)

=15%
Assertion and Reason

1. Least count of screw gauge
Pitch

Number of divisions of circular scale

Less the value of pitch, less will be least
count of screw gauge leading to len
uncertainty that is more accuracy in the
measurement.

Match the Columns
_GM M,
1. (@ F= —z
GM M, = Fr*
i.e.,,[GM,M,]1=[MLT2][1?]
=[ML’T 2]
~(a)— (@
3RT 3pV 3 work
M n  aM
[SRT} _ [MLQT‘Z

(b)

M M
()= ()

2 (FY
(C) q27B2 = (qB]

}=[L2T2]

Thus, assertion is true.
From the above relation we conclude that

least count of screw gauge is inversely
proportional to the number of divisions of
circular scale.

Thus reason is false.
Option (c) is correct.

_(quBsin® ’
qB

= v2 sin2 0
F2
[W] =[LT11? =[I#T?]

s> (1
GM,
(d) 8= "ps
GM
¢ =gR
R, 8lv,
GM 2
€| =[LT 1L
= |:Re } [ 1Ll
=[L2T—2]

v (d)—> (1)



2 Units & Dimensions
Vectors

Single Correct Option

Force

Area
[p] = MLT ]

(L]
=[ML T 2]

Option (d) is correct.

2. W =I*Rt
_[MI2T?]  [MIZT 2A2]

1. Pressure(p) =

R =
(] [T]

[A%T]
VzLﬂanszVq
dt
p_Wadt
q dI
MIZT2][T
[L]=[ ) 1[T]
[A°T]

Using Eq. (i)

[L]
Rl ="
- [T]

[T]= [%]

Option (c) is correct.

3. F =6nnav
| [F1

[av]
_[MLT?]
C[LLT
=[ML*T™]
Option (d) is correct.

i.e.,

Section I

...@@)

=[MI?T2A72]

o=Li
[ 1=I[LIl:]
=[MIZ T2 A2][A]
=[MIZTZ2A™]
Option (a) is correct.
Linear impulse (I) = F - At
[7]=[MLT*][T]
=[MLT™]
Option (c) is correct.

F=G m(lirznz
_[FIld®] [MLT®][I?]
Y

[G]l=
[ml mg]

M 13T 2]
Option (c) is correct.
poMoi b
4 d
_[MLT?][L]
- 1A%
Option (c) is correct.

[L]
kl= =[T
= ppry =t

Option (c) is correct.

[MLT 2] "
=——- “-[MLT
[a] [T [ ]

_[MLT?]
C[T?]

Option (c) is correct.

Tl =[MIZ T2 A?]

(5] =[MLT™]



10.

11.

12.

13.

14.

15.

16.

Mechanics-1

E=hv
2 m-2
[h] _ [M[I’;‘_T] ] _ [ML2 Tfl]

Angular momentum (J) = %
[J]1=[R]=[ML* T"']
Option (b) is correct.
[Energy] = [MIZ T2]
=[MJ[LT]?
. [Mass] = [Ev?]
Option (c) is correct.

1

3 £0E2 = Energy density = Energy

Volume
2 m-2
[Lepe] - MU

2 [L?]
=[MLT?]

Option (b) is correct.
[a]l=[T?]
[T?]
b= " 1
o] [LIIML ™ T2]

a -2
—|=[MT
[5]-mr

Option (b) is correct.

Velocity gradient = ZU

X
. . (LT
[Velocity gradient] = i
=[T]
“M°L° T
Option (a) is correct.

[Force] =[MLT 2]

[F]
[Mass] = LT 7]

=[FL'T?]
Option (a) is correct.

Coefficient of friction (1)
_ Limitting frictional force

Normal force
[u] — [MO LO TO]
Option (b) is correct.

17.

18.

19.

20.

21.

22,

qg=CV
and V =iR
q=iCR
it=iCR
= [CRI=[t]=IM°L°TA"]
Option (a) is correct.
1 g9
Pty ?

= Unit of g, = Newton-metre?/coulomb?.

Option (b) is correct.

Angular momentum (J) = ;Ll
T
I=3mr

ﬁ_2ﬂ:J/n_ mur
I mr? > mr?

-1
H :[[LT ]} T
I L

= Frequency
Option (a) is correct.

v=at+

t+c

[c]=[T]

[ b }:[v]
t+ ¢

or [6]=[LT I[TI=[L]

[at]=[v]=[LT™]
= l[a]=[LT™]
Option (a) is correct.

y=Asin[2Tn(ct—x)]

=Asin[2—nct——
A
2Tmze(angle)

[x]=[A]=[L]
Further, y = Asin®
[Al=[y]=I[L]
Option (a) is correct.
[X]=[M'L?T?A%]
_ [T A%]
MIZ T2]

2n x
A

]



23.

24.

25.

26.

27.

28.

29.

:UHE]

[Work]
. X is resistance. [+ W = 2R#]
F=21-3j+4k
. . 30.
r=3i+2j+3k
i) k
T=rxF=(3 2 3
2 -3 4
or 1=171-6j-13k
JO0.57 +(0.8)% + (e =1
or 025+0.64+c®=1
or 2=1-0.89
=40.11

Option (b) is correct.

|A +B|=1A - B|

=3 = = =
(A+B)-(A+B)=(A-B)-(A-B)

—

A2 + B2 +2A-B=A% + B2 —2A-B

12

- =
ie., A B=0

Angle between A and B=90°

A+B)-(A-B)=0
AA+BA-BB-AB=0
A’ -B*=0
A=+B
|A|=|B]|
Option (d) is correct.

Work (= Fs ) is a scalar quantity.
Option (d) is correct.
Speed = v

Option (d) is correct.

31.

32.

33.
34.

IK |=3, If’,l =5 and angle between A and B

is 60°.
- 2 =
A-B=|A]|B|cos60°

Units & Dimensions Vectors 7

1
=3)B|=
5)
=75
Option (b) is correct.
- 2
A+B=C
= = - =
(A+B)-(A+B)=C.C
or KK+2K§+]§§266
or A2+21_\)-_>+BZ=C2
- 2
or A-B=0
-
or |A|[Blcos6=0
or cos®=0
or 6=E
2

Option (d) is correct.
Magnetic field intensity.
Option (d) is correct.

= — —
P+Q=R
2. R DR = =
P+Q - P+Q=RR
P+@ +2f’-§=R2
122 + 52 + 2P.Q = 132
=2 2
PQ:O
= .
Angle between P and Q = 5

Option (b) is correct.
Option (b) is correct.

ﬁ+§+ﬁ=0

Brg--
or B+Q B+Q=(-
or PP+QQ+2PQ-R
or P2+6)2+21?"~€):R2

Let @ = P2 and R = P2
Thus, Eq. (i) takes the form

P2 + P2 + 2PQcos6 =2P?
or 2PQcos6=0

R) (-R)
R

...()



8 Mechanics-1

or cos0=0
or 0=90°
= —
. Angle between P and Q is 90°
-
P+Q+R=0
BiR--@Q
=2 2 = - —
or P+R)-P+R)=(-Q (-Q
or P2+ R* + 2PRcos = @
or 2PRcos 0=@° — P> - R?
or 2PRcos ¢ = — R?
or 2Pcosd=-R
or 2Pcos ¢ = — P2
or cos ¢ = — 72
6 =135°

. Angle between P and R is 135°.

135%

2|

ol

-7 135°
Option (a) is correct.

35. Angle (¢) between P+ (_Q) and P — Q

QRsin 6
P+ Qcosb

tan ¢ =

Angle ¢’ between P- 6 and P
Qsin (7 + 0)
P+ Qcos(w+0)

_ —Qsind

- P —Qcosb
tan ¢ — tan ¢’
1+ tan ¢ tan ¢’

tan ¢’ =

tan[¢o + (—¢")] =

@Qsin®  (-Qsinb)
P+Qcos® P—-Qcosb
Qsin 0 (- Qsin6)
" (P+Qcos®) (P—Qcosb)
_ 2PQ sin®
P2+ @cos20

This implies that angle between P+ (_Q) and

=20 2
P - Q will vary from 0 to =.

Option (b) is correct.
36. R2=P% + @ +2PQcosH

forR=P=Q
P2 = P>+ P2 +2PPcos®
1
or cosf=——=
2
or 0=120°
Option (b) is correct.
= -
37. W=Fs

=(31+4)-(31+4)
=25J
Option (b) is correct.
38. PQ=(ai+aj+3k) (ai-2j-h
=a’-2a-3
= = 2 2
ForP 1L Q,P-Q=0
ie, a®-2a-3=0
or (a-3)a+1)=0
= a=3
Other value is — ive.
Option (d) is correct.

39. If a vector makes angles o,  and y with
the co-ordinate axes, then

cos? o +cos® B +cos®y=1
(3 J2 9 (6)2 36 (2)2 4
Now,|=| =—,|=| =—|=| =—
7 49 \7 49 \7 49
9 36 4
—+ T+ =
49 49 49
.. Option (a) is correct.

40. A=4i-3j and B=81i+8j

and

=2

¢ A A
A+B=C=121+5)



¢ 12i+5

6= _217o)

ICl 122 + 5
12, 5 4
=1+
13 13

Option (b) is correct.

- A A 3 N A A
41. A=21+3j-2k,B=51+nj+Kk,

al

=—§+2j'+3f1

.. Vectors K, ﬁ, and C will be coplanar if

their scalar triple product is zero i.e.,

A xC)-B=0

i J k
2 3 -2/ 6i+nj+k=0
-1 2 3

or (131-4j+7k) -Gi+nj+k =0
or 656-4n+7=0

or n=18
Option (a) is correct.

42. Option (a) is correct.

43. (a +b)x(a —b)

e
—axa+bxa-axb-bxb
I - 4
=0-axb-axb-0

—

——2@xb)=2(b xa)

Option (a) is correct.

44. A=3i+4j+5k
B=3i+4j-5k
(A-B
cos 0 =
|A|IB|
_ 9+16-25
3244245
=0
= 0 =90°
Option (c) is correct.
45, A+B=17

A-B=3

Units & Dimensions Vectors 9

. B=2N
Option (c) is correct.

46. Angle between A=2i+3 3

and B=ﬁ+3

Q
o
B8
=]
o
=]
[¢]
=]
-+
=]
=
>l
QO
e
o
=]
[\
-t
+
(-

Option (a) is correct.
47. R? =(3P° + (2P +2x3P x2PcosH

or R%?=13P% +12P? cos 6 ()
Further

(2R)? = (6P)* + (2P)® +2x 6P x 2Pcos 0
or 4R% = 40P% + 24 P2 cos 6 ... (ii)
Dividing Eq. (ii) by Eq. (i),

10P? + 6P cos 0 = 13 P? + 12P° cos 0

or 6cos6=—-P
or 6 =120°
Option (b) is correct.
48. tan 6 = 7(? Smo
P+Qcosa

As 0=90° tano = o
P+Qcosa=0
. P
ie., coso = — —
Q
__£
2P
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49.

50.

Mechanics-1

__1
2
. o =120°
Option (a) is correct.
- 2
A-B=0
N
A
- -
A <
5 =
B (o3
- =
= 1B ...(d)
- =
A-C=0
- =
= Al1C ...(11)

From Eq. (i) and Eq. (ii), we conclude that
>

A is perpendicular to the plane containing
B and C.

This implies that A is perpendicular to
=2 2

B-C.

Option (c) is correct.

P? + @ +2PQcos o = R?

or P2 + @ +2PQcos 0, = 8
or P2 +@ +2PQ +2PQcos o — 2PQ = 64
or (P +@Q)? +2PQ(cos 0. — 1) = 64
or (16)% + 2PQ(cos 0. — 1) =64
or 2PQ(coso.— 1) =—-192
or PQcoso — PQ=-96 ...(i)

tan 6 = % = oo (as
0=90°)

P+Qcosa=0
Qcoso=— P ...(>i1)

Using Eq. (ii) and Eq. (i),
P(-P)- PQ=-96
or -P(P+Q)=-96

or - Px16=-96
P=+6N
R=10N

Option (a) is correct.
- =
51. |A xB|=+/3(A-B)
- -
= |A||Blsin® =+3|A| |Blcos®

= tan 0 =+/3
= 0 =60°

~IAxBI2=|A12 x|BI2 +2|A|Blcosb
= A® + B> + 2ABcos 60°
=A?+B>+ AB
|A xB|=[A% + B? + AB]"?
52. Cis perpendicular to both A andB

- > o
C=AxB

>|
.

)

¢

0

- 2 >

or (AxB)-A=0
Option (d) is correct.

53. 2i+3j+8k) (4i+4j+ak) =0
= -8+12+8a=0

1
a=-=
2

Option (c) is correct.

-
5. P+Q+R=0

= = =
Bl 1Q1 _ IR|

Ifa . - . - .
sino.  sinf  siny
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55. )A + AB = OB 56. Using answer to questions no. 35, as angle
B (-2,6,4) between A + B and A — B is 90°
A? + B®c0os20=0
or A% =—B?cos 20
or A2=_R cos2(ﬁ) ( 0= E)
2 2
2 _ -
y 20,3, 1) or A?=—Blcosm
or A? =B
— = -
AB=0B —AOA ) N A=B
=(-21+6)+4k) -01+3)-k) Option (a) is correct.
=-21+3)+5k
Option (c) is correct.
Match the Columns
= - 2 = > 2 > 2 =
1. (a)|A xB|=|A-B| = (A+B)(A+B)=(A-B)-(A-B)
- = - 2 - = =2 2 =2 -2 =2 2
or |A]|B|sin0=%|A]||B|cos® orA°AA+BA+BA+BB
or tano=+1 -AA-BA_AB+BB
g=T 3T .
= T 974 or 4A-B=0
Thus, (a) = (r) (s). = ALB
b AxB=BxA (given) Thus, (¢) — (q).
= =2 - 2 3
or AxB=-(BxA) dA+B=C
or  |A|IBlsin0=—|A|Blsin® or A+B) A+B)=CC
or sinf = - sin® or AA+BA+BA+BB-GG
2sin0=0
o s or A? 4 2R ]_3)+B2=C2
= 0=0rad
- 2
Thus, (b) — (p). or 2A-B=0 (A% + B> =(?)
- 2 =
() |AxB|=]|A xB| N ALB
2 R 2 =9
or |A+B["=IA-B| Thus, (d) - ().
Section II
Subjective Questions
L 2% 101 N/m? = 2% 100" dyne) [ot]=[MLOT°] .- [o]=[T"]
(10* cm?) [6]=[M°LT"]
=2 x 10" dyne/cm? 4. h= E__J _ J-s
—5 V  per sec
2. 72dyne/cm = w =0072N/m 9 9ol
(10“m) [A]=[ML'T™][T]=[ML'T]

3. [al=[yl=IL] 5. [b]=[x%]1=[I?]
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[%] =[]
. lal= [;] = [TMII:ZT—S} =[M'T?]
6. 8, = (ut+éat2)—[u(t— ) +%a(t— 1)2]
=u.1—%a(1)2 +at(1) =u+at—%a
=u+ g(Zt -1

Here t in second. Hence the given
equation seems to be dimensionally
incorrect. But it is correct because 1 is
hidden.

7. LHS is dimensionless. While RHS has the
dimensions [L].

8. LHS is dimensionless. Hence n = 0.

9. Just write the dimension of different
physical quantities.
10. E = km*n’a”.
Here %k = a dimensionless constant
[E]1=[mF[nPlal?
[ML*T 1= [MF[T ' P[LI*
- x=1y=2and z=2
11. F =km™’r?
(k = a dimensionless constant)
[Fl=ImIwPIr)
[MLT2]=[MF[LT 'P[LF
Solving we get,
x=1l,y=2andz=-1
7 Emuv?

r
12. (a) [d]1=[FTILPITT?
- [ML®]=[MLT 2 F[LP[T
Equating the powers we get,
x=1Ly=—-4,2=2
[d]=[FL*T?]

Similarly other parts can be solved.
- 2

A B 6-2+8
13. cos 6= =
AB  J9+1+4/4+4+16
123
336 21

15.
16.

17.

18.

19.

20.

21.
22,

23.

=
A+B=R(say)=3i+]j
=2 =
S

BN A A
A-B=S(say)=1+5j
= =
Angle between R and S
=2 =
RS 3+5 8 4
cos 0 = =

" RS J911J1+25 260 +65

0= cos’l(%)

Their dot product should be zero.
Ratio of coefficients of i, jand k should be
same.

No solution is required.

- 2
Component of A alongﬁ=AcosG=%
K+§:ﬁ:5i—j+f{
R
R==—
R
- 2 s ~ ~
AxB=C(say)=-3i+8j+2k
NowA -C=-6+8-2=0
A1C
B-C=0+8-8=0
B1C
=
Area of parallelogram = |A x B|
—
- R Bsin®
B\\I : T
______ LTAN :: < > A
Bcos 6
BsinG:R:E
2
06 =30°
- =
. Angle between A and B=180-60=150°
= Py A =2 2 4
A+B=(41+6j)+B=10i+9)

B = (61 + 3j)



Applying sine law, we have

a _ b
sin (180 - A) sin (180 - B)
c
~ sin (180-C)
a b c

or

sinA sinB sinC

Units & Dimensions Vectors 13

R=Pi+2Pj-3Pi-4Pj
=(-2Pi-2P}))
26. R*=P+@ +2PQcos 0

S?=P2 + @ —2PQcos 6
L RP+ S8 =2(P+@)



3 Motion in One Dimension

Introductory Exercise 3.1

1. Suppose a particle is moving with
constant velocity v (along the axis of x).
Displacement of particle in time ; =v¢;
Displacement of particle in time , = vt,

.. Displacement of the particle in the time
interval At(=t, — t;)
=vly — Ul
=v(ty, —t)
. Average velocity in the time interval
ar ==
(& - 1)
=v
Now, as the particle is moving with
constant velocity (i.e., with constant speed

in a given direction) its velocity and speed
at any instant will obviously be v.

Ans. True.

2. As the stone would be free to acceleration
under earth’s gravity it acceleration will
be g.

3. A second hand takes 1 min i.e., 60s to
complete one rotation (i.e., rotation by an
angle of 2r rad).

. Angular speed of second hand
_ 2mrad

60s

- rad st
30

Linear speed of its tip = radius x angular
speed

=2.0cm X 2 rads™!
30

T -1
= —cms

15
As the tip would be moving with constant
speed.
Average speed = T ems™!

15

In 15 s the second hand would rotate

through 90° i.e., the displacement of its tip
will be rv2.
.. Modulus of average velocity of the tip of
second hand in 15 s.
_n2
15
242
=——cms
15
4. (a) Yes. By changing direction of motion,
there will be change in velocity and so
acceleration.

1

(b) (i) No. In curved path there will always
be acceleration. (As explained in the
previous answer no. 3)

(ii) Yes. In projectile motion the path of
the particle is a curved one while
acceleration of the particle remains
constant.

(iii) Yes. In curved path the acceleration
will always be there. Even if the path
is circular with constant speed the
direction of the acceleration of the
particle would every time be changing.



5. (a) Time speed =

Circumference
Speed

_2nxdem oo 9513 s
lem/s

(b) As particle is moving with constant
speed of 1 cm/s, its average speed in
any time interval will be 1 cm/s.

2
| Average velocity | = ——
# AP

4r\2 22
=——"_ =="""gpeed

2nr T
speed

242 1
T

——cms’

=0.9cms™!
v2

| Average acceleration |= ——
T/4

(where v = speed)

6.

Motion in One Dimension ' 15

_ 4vy2

2nr

v
24207
Conor
_ 24217
T 4

=0.23cms™
Distance = Speed x time
D, =vty
D, = vty

Average speed =

D, + D, _ Uity tUgly

Introductory Exercise 3.2

1. Acceleration (due to gravity).

. s, =u+at- %a is physically correct as it

gives the displacement of the particle in #*
second (or any time unit).

s, = Displacement in ¢ seconds
— displacement in (¢ — 1) seconds

_ Lol lua—n+Lac—12
—|:ut+2at:| [u(t 1)+2a(t 1):|

1
st=u+at— —a
¢ 2
Displacement
Velocity Acceleration

Therefore, the given
dimensionally incorrect.

equation is

. Yes. When a particle executing simple
harmonic motion returns from maximum
amplitude position to its mean position
the value of its acceleration decreases
while speed increases.

4.

th+ it L+
_(4x2)+(6x3)
2+3
=52ms™!
v=¢¥4 (given)
ds _ 3 .
— =t ...(1)
dt
t4§ +1
s= J 34 dt = +c
3
—+1
4
or s= é t" v e
7
i.e., soct’4
Differentiating Eq. (i) w.r.t. time ¢,
2 3
ds_38 ;471
a4
N e
Displacement (s) of the particle

s=(40x6) + %(- 10) 62

=240-180

=60m (in the upward direction)
Distance covered (D) by the particle
Time to attain maximum height
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= 40 =4s<6s
10
It implies that particle has come back

after attaining maximum height (k) given

by \
h=Y
2g
= (407 =80m
2x10
D =80+ (80-60)
=100 m
6. v=40-10¢
@:40—1015
dt
or dx =(40-10¢) dt
or x=[(40-10)dt
or x =40t -5t + ¢
As at t = 0 the value of x is zero.
c=0
- x = 40t — 5
For x to be 60 m.
60 = 40t — 5¢
or 2 —8t+12=0
t=2sor6s

Displacementin time ¢
t

7. Average velocity =

1
ut + = at®
- 2
t
1
=u+—at
2
8. Uy =0y +at
at =vy — Uy

Displacement in time ¢
t

Average velocity =

v1t+1at2
- 2
¢
1
=v;+—-at
2

U — U

:v1+

2

Ans. True.
9. 125:0~t+%gt2
= t=25s
Average velocity = 125m (downwards)
=25 m/s (downwards)
10. v=10+5¢t -t LG
)
a= @ =5-2t
dt
At t=2s
a=5-2x2
=1m/s?
From Eq. (i),
9% _ 1045t 2
dt
x=[10+5t-£)dt
582 ¢
or x=10t+ — - —+c¢
2 3
As, at t =0 the value of x is zero
c=0
3
x=100+2¢2 -1
2 3
Thus,at t=3s
x=(10x3)+ 232 -5
2 3
=30+225-9
=43.5m

11. u=2im/s
a =(2c0s60° 1 + 2sin 60°j\) m/s?
=(11++/3 ) m/s®




=(2€)2+%(1€+\/§3)22

=41+21+2V3)

=6i+2V3j
Is|=36+12
=43 m
12. PartI v=(21+2tjhm/s
s
§=2ﬁmfsz
From Eq. (i),
ds

2 _@i+2t))
dt J
§=I(2ﬁ+2t3)dt
s=21+2j+c

Taking initial displacement to be zero.

S(att=1s)=(2i+)Pm

13.

...()

17

Motion in One Dimension

Part IT Yes. As explained below.
v=2i+ 2t J implies that initial velocity of

the particle is 2 1 m/s? and the acceleration
is 2j m/s>

3 (at t:ls):(zﬁx1)+%(23)12

=(21+)m
x=2tand y = ¢
_(xY
y_(z)
or, x® =4y

(The above is the equation to trajectory)
x =2t

—:2Le,3x:2l1\
dt
y==t
dy .o A
— =2tie,v,+2t
dt Y J
Thus, 3=77x+3y
=(21+2t ) m/s
d—)
a="Y =23m/s2
dt

Introductory Exercise 3.3

0 ty b q)‘2 t >
v=tan®
As<90° v, is +ive.
At t= tz
v, =tan¢

As 0>90°, vy, is —ive.
Corresponding v-t graph will be

—

52-“\ o b A
\Va

Acceleration at ¢ = ¢ :
a, =tana
As < 90° a t; is + ive constant.
Acceleration at ¢ = ¢,
a,, =tanf
Asf <90° a,, is + ive constant.

Let the particle strike ground at time ¢
velocity of particle when it touches ground
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would be gt. KE of particle will be %mgztz

i.e., KE «¢*. While going up the velocity
will get — ive but the KE will remain. KE
will reduce to zero at time 2¢ when the
particle reaches its initial position.

g

I 2t = time

KE =1mg2t2 =1mg2%
2 2 g

=mgh
3. Speed of ball (just before making first
collision with floor)

=.2gh =.,/2x10x 80

=40m/s
Time taken to reach ground

2h /2><80
= —_— =4S
g 10

Speed of ball (just after first collision with

floor)
_40_ 20m/s
2
Time to attain maximum height
-20
t=——=2s
-10

.. Time for the return journey to floor =2s.

Speed (m/s)

4 8 t(s)—>

Corresponding velocity-time will be

Velocity (m/s)

. =tan6=——
(t-2 2-1

= h=2(t-2)

Particle will attain its initial velocity i.e.,
net increase in velocity of the particle will
be zero when,

area under a-t graph =0
1+2x2 N (-2

0
2 2

or 3-(t-2%=0

or (t-2°%=3

or t-2=++3

or t=2+.3

Ans . At time t=2+3 s
(¢ =2 — v/3 not possible).

Introductory Exercise 3.4

1. Relative acceleration of A w.r.t. B
app=(+g)—(+g)=0
2. Velocity of Aw.r.t. B=v, —vg

. Relative displacement (i.e., distance
between A and B) would be

s:(vA—vB)t+%aABt2



or s=@, —vp)t
T tan 6 = (v4—vg)
s
[2)
ol t—>

3. In figure, u = speed of boat

v = speed of river flow

B C
Boat sailing—y [ - - f<- Actual
direction --E-/A path of boat
SESEESEERET) ¥ EEREEEEEEE
d=400|m S iiiii s
Av

u v u? +v
_ 400m
10m/s
=40s
BC="AB
u
_2m o (400m)
10m/s
=80m
4. Let C be the point along which pilot
should head the plane.
B
&/ i<«— Drifing due
<} . to wind
S :

%0 <— Speed = 150 m/s

East

t11t

Wind/speed = 20 m/s

Apply sine formula in A ABC

Motion in One Dimension ' 19
sin30° sin® sin(180°-30° +6)

150¢  20¢ 500 x 10°
1 _sin®
300 20

0 =sin"' (i)
15

Now 1  sin(30° +0)

1
~—)

- 3
?;(())(())g 500x 10 {222
or W =sin 30°cos 6 + cos 30°sin 6

5000 1224 V3 1

3t 2 15 2 15

or M =0.5577
3t

5000
= =
3 x0.5577
=2989 s
=50 min
«~—10m—>
A B
a, =1m/s?, ap =2m/s
vy =3 m/s, vg =1m/s

Acceleration of A w.r.t. B=1-2=—1m/s>

Velocity of A w.r.t. B=3 -1=2m/s
Initial displacement of A w.r.t. B=—-10m
At time relative displacement of A w.r.t. B

s=—10+2t+%(—1)t2

or s=-10+2t —0.5¢
For s to be minimum
ds
2 _0
dt
or 2-(0.5%x20)=0
ie., t=2s
Smin = — 10+ (2% 2) — 0.5 x (2)
=-10+4-2
=-8m

Minimum distance between A and
B=8m.
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AIEEE Corner

Subjective Questions (Level 1)

—(605™ x1h )+ (80X« 1p
h h 2

=100 km
(b) Average speed
_100km _ o6 67 1o,
1.5h
2. (a) Displacement in first two seconds
1
=(4)(2 + 5(6)22
=20m

20
. Average velocity = Tm =10m/s
S

(b) Displacement in first four seconds
~ (@)@ +2©4°=64m

.. Displacement in the time interval
t=2stot=4s

=64 -20
=44 m
44
. Average velocity = : M 92 mys.
S
3. Let the particle takes ¢ time to reach
ground.
+20 m/s 2
6_0 m

—64=20t+%(— 10) £

ie., b5t2-20t—-64=0
t=6.1s

If the particle goes & meter above tower
before coming down

0=(20)? +2(-10) h

= h=20m
Total distance moved

(a) Average speed =
8¢ sp Time taken

_ (20 +20 + 60)
6.1

=16.4 m/s

(b) Average velocity = Net (fhsplacement
Time taken
_ —60m
6.1s
=-9.8m/s
=9.8m/s (downwards)
vt

4. Average velocity = ——

_ vty +2vty +3vT

2.5v
to+ty+T
or T = 4¢,

5. (a) Average acceleration
_ Final velocity - initial velocity

(4+8)s
_0-0
12
=0 m/s?
v
(c) a =tan @ = —Max
4
Vimax|------- -
] . >
4s  8s 12¢ time
4 = Umax (ra=4m/s?)

4
i.e., Upa.e =16m/s
Displacement of particle in 12 seconds
= Area under v-t graph
= 12 x Jmax
2
_12x16
2
=96 m

Average velocity
_ Displacement (96 m) at 12s

Time (12s)
=+8m/s




(b) As the particle did not return back
distance travelled in 12 s

=Displacement at 12 s
. Average speed =8 m/s.

. (a) Radius (R) of circle = % m

.. Circumference of circle = 2nR

=6m
Speed (v) of particle =1 m/s
.. Distance moved by particle in 2 s =2m

Thus, angle through which the particle

moved

:gx2n:2—n:120°
6 3

Magnitude of Average velocity
_ Magnitude of displacement

Time (=2s)

N
Va

A(t:OS)
B

&g

(t=2s)

5

Vs
_AB _2Rsin60°

2 2

_g¥3

2
2148218

22 2 44
(b) Magnitude of average acceleration

- -
VB~ Va

2s

m/s

2vsin 120

2
[o IV, |=IVgl=v=1m/s)

=vsin 60°

Motion in One Dimension @ 21

. Position vector at£=0s

r=11+2)m

Position vector att =4 s
r,=(6i+4)m

(a) Displacement from¢t=0stot=4s
=(ry - 1)
=6i+4)-(11+2)
=(61+2)m

(51+2)m

. Average velocity =
4s

=(1251+057) m/s

(b) Average acceleration
_ Final velocity — Initial velocity

4

_(21+10))-(41+86))
4
B —2ﬁ+43
4
=(-051 + J) m/s”

(c) We cannot find the average speed as
the actual path followed by the particle
is not known.

Uniform acceleration
(a) One dimensional motion

. If at time ¢ the vertical displacement

between A and Bis 10 m
1 1
Sgt? - Zg(t-1?=10
2g 2g

or £2-@-12=2

or - -2t+1)=2

or 2t =3
t=15s

. The two bodies will meet if

Displacement of Displacement of
= second before

first T
u'“s after gttalnlng attaining highest
highest point point
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10.

11.

Mechanics-1

1 1
Vot — 5gt2 =vo(t—to) — gt - ty)?

or 0=—vyt, —%g(tg — 2t,t)
or glot = % gt2 + vt
1
— &8ty + 0
or t=27
g
_to Yo
2 g
1
5==gt?
28
= t=1s
\ T_ §5m 'I;ime interval
SA——»1s
\ :
© 255m t second for A
H{W Bey=0 T
E (t-1) second for B
R ; v
A B
For A
H=0t+ 1gt2
2
1 .
or H="gt ...(@)
2
For B
H—25=%g(t—1)2 ... (i)
1 1 5
or gt - —gt-1%=25
2g 2g

[Substituting value of H from Eq. (i)]
Ll - (- 17125

- -2+1)=5
2t -1=5
= t=3s
Substituting t =3 s in Eq. (i)
H:%x10x32 =45m

1 .
s=5 ats | Forward motion

v=at, |Backward motion

12.

13.

—s=(aty)t + %(—a)tz

1 - 1 5
——aty =(aty)t — — at
20 (ato) 2

or —2 =2yt —
or £ -2yt —12=0

2, +/(=2t,)% — 41(-£
200 %21 — 41-15)
2
2ty 252
2
=ty +tyN2 (-
absurd)
=(1++2)t,
=2141t,

From the begining of the motion the point
mass will return to the initial position
after time 3.141¢,.

ive sign being

52 =u? +2(-10)15
= u?=325
—v=0
— §5m/s
A
l 1im Iu
(a) For H
0 =u® +2A-10) H
ie., 20H =325
or H=1625m
(b) For ¢
0=+/325 +(-10) ¢
;325
10
=18s
Atrest _ & Y4 _8  15m/s
«~——x—>—60m—]
[«—6.0s—>
(a) 15* =u® +2a x 60 e))
and 15=u+ax6 ...(ii)

Substituting the value of 6a from Eq. (ii)
in Eq. (1)

225 =12 +20(15 - w)



u? —20u+75=0
w-15w-5=0
. u=5m/s

(15 m/s being not possible)

(b) Using Eq. (ii)

a=-m/s>
3

i.e.,

(c) u? =0 + 2ax
ie = ﬁ = 67
2a 2% é
=75m
1 5
d) s==at
2
Lo e
2 3
5
=4 ....(iii)
6
t(s) 0 1 3 6 9 12
v (m/s) 0 |56 |75 30 |67.5]120
1204 s (m)
901
60 1
3071
1571 : : :

56 o 12 '
Differentiating Eq. (iii) w.r.t. time ¢

v=—t
3

Us) 0 3 6 9 12

v (m/s) 0 5 10 15 | 20

AV (m/s)
201
151
10t o
56 o 12 t(s)

14.

15.

Motion in One Dimension @ 23

—az=txX———a=-y—»
[E ﬁj [E ﬁj [H ﬂj
Starts Stops
A< t1 >| < t2 >B
I« 4 km »B
“—— Si——+—— S)—>
< 4 min >
Journey A to P
Umax = 0+ x4 ...(@)
and U2 e = 28, ... (i)
Umax
= ="
x
Journey P to B
0=vx + (=)t ...(iii)
and V2 e = 298, ...(iv)
=> tZ - vaX
y
vmax + vmax = tl + t2 = 4
x y
or Umax [1 + 1} =4 ...(v)
x oy
From Eq. (ii) and Eq. (iv)
U?nax Uilax
Sy + §y = max 4 max
2x 2y
2
or 4 = Ymax l+l ...(vi)
2 |x y
Dividing Eq. (vi) by Eq. (v)
vmax = 2
Substituting the 1Vahie ofv, ., in Eq. (v)
—+==2 (Proved)
x oy

Let acceleration of the particle be a using

2m——>
0 4

+ive
t=0s
t=10s t=6s X-axis
v=0

v=u+at
O=u+ab

u
a=—-—

6

(aA)Att=10s,s=-2m
1
—2:u><10+§a><102

or -2 =(-6a)10 + 50a
or -10a =-2
or a =0.2m/s?
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b)v(att=10s)=u+a 10
=—6a + 10a
=4a
=08 m/s
(c) Two or three dimensional motion

ﬁ _ 10N north

5
16. a=—
m 2kg
=5m/s?, north
= 53 m/s?

u=10 m/s, east
=10im/s
. s
usingv=u-+at
v=101+(5jx2)
=101+10j
|v|= 1072 m/s
V= 10+/2, north-east

usingg) :at+%3t2
=(1oﬁ><2)+é(53)22

=(20i+10j)m

S| = 20% + 10

=10/AFm

cotez@:2
10

0=cot™'2
North

RN
S
J

0

0] A East

s =1045 m at cot (2) from east to north.
17. s, =2i+4)m
-
a

1 =21m/s® (t=0stot=2s)t =25

u=0m/s
;2 =—43m/sz(t=25t0t=4s)t2 =2s
(a) Velocity
31 —u+ai 4
=0+@2D2
=41
772 =771 +(§1 +32)t2
=41+@i-4%2
or 32:(83—83)111/:5
(b) Co-ordinate of particle
1= 80 +ﬁt1+%ﬁ>1tf
=@ﬁ+4b+«mm+%@ﬁ22
=21+4j+41
=61+4]

1

:6ﬁ+43+(4ﬁ)2+%(2ﬁ—43)22
=61+4j+81+41-8]
=181-4]

Co-ordinate of the particle
[18 m,—4m]

18. a=(2ﬁ—43)nﬂs,;0 =0m

a=(41+j m/s?

(a) Velocity
- 5 -
v=u+t+at

=(21-4)+(41+)2
=(101-23) m/s
(b) Co-ordinates of the particle

- - - ]_—>2
s=s,+ut+—-at
2

=6+@%-4b+%mﬁ+b§



19.

20.

=101-2j
... Co-ordinates of particle would be
[10m,-2m]

_)=83m/s
=(41+2)) mk?
=0

29i+nj

s>

2

wl wl g‘i ol c

- - -
=Sy +tut+—-at

(a)

N | =

A A

29i+nj=0 +(83)t+%(4ﬁ+23)t2
291+nj=8jt+2i +3£
Comparing the coefficients of 1 and j

29 = 2¢2
and n=8t+¢

= t= %=3.807s

Substituting value of ¢ in Eq. (ii)
n =8 x3807 +(3807)°
=4495

(b) Speed at t = \/? S
v=u+at
=8)+(41+25(3807)
=(2x3807)1 +{(4 x3807) + 8} ]
= (76141 +23228 J) m/s

speed = | V| = |/(7614)% + (23228)?
=2444m/s

- ~
Sp=51m

att=002s,s =(511+04j)m

> o
S — So

002
_(511+04) - (51
002

Average velocity Vav =

21.

...(@)
...(ii)

22.

23.

24.

Motion in One Dimension

=0.1ﬁ+0.43
002
=51+20jm/s
|@av] = /5% + 20
=206 m/s

tanez@
5

i.e., 8 =tan'(4)

Non uniform acceleration.
x=2+1 +2¢
(a)Att=0,x=2m

(b) dx _ 2t + 612
dt

(dx) =0m/s
dt t=0s
dPx

(©2r=2+12¢
de

(@), g =2+ (12 x 2) = 26 m/s?

s=13-9¢# —15¢

-5 32 _181-15
dt

ie, a:@:Gt—IS
dt

v

25

Acceleration (a) in the interval 0< ¢<10s

will be maximum at¢=10s
alatt=108)=(6x10) - 18

= 42 m/s”
a=3-2t
%=3—2t
or  [dv=[@3-2t)adt
or v=38t-t*+c
or v=3t—1>+v, [asatt=0,0=0,]

or  [ds=[ Bt—1 +vg)dt

or §=———+Uyt
3



26 = Mechanics-1

(a) Displacement at = Displacement at

t=0s t=5s
0= ﬁ - i +vy5
2 3
= vy =5/6 =0833 s
d)v=3t-1* +v,
Velocity at ¢ (=5005s)
=35-5% +0833
=15-25+833
=-9.167 m/s
25. v =3t — 6t
[ds=[@¢ -6 dt
or s=t3-32 +¢
or s=t>-32 =t*(t-3)
(a) Average velocity = (35)2(375_3)
35
=35x05
=175m/s
(b) Distance covered
4
v
1 5
Ne /2 335 ¢
-3

2 a2 35 oo
_jo(ﬁt 3¢ )dt+j2 (3¢ —6r) dt

=[38% - 3% +[t* - 3£213°

=327 - (2° +(35)° - 3(35° - (2)® + 3(2*
=12-8 +42875-3675-8 +12
=14125m

(c) Average speed = 14125
35
=4036 m/s
26. v= é
a
ie., va=4 ...(4)
or vdv=|4dt
foo -]
or =4t+C

27.

Now, att=2s,v=6m/s
2

6
—=4x2+C
2 )
Thus, C =10.
2
ie., —=4t+10 ...(11)
2
. at t=3s,
v2
—=(4x3)+10
2
vl =44

v=+/44 =211 m/s
Substituting above found value of v in Eq.
(i)’

2/11a =4
2

Vi1
=0.603 m/s?

According to question, the velocity of the
particle varies as shown in figure.
v

ie., a=

20 m/s
o] 30m/s S
L + i =1
20 30
or 3v+2s =60
or 3v=60-2s ...(@)
Differentiating above equation w.r.t. time ¢
dv ds
9.2
dt dt

or 3a=-2v
or 3a=—2~(

2
or =—=-(60-29)
a 9 s

=—§(60—2x15)

60—-2s

) [using Eq. ()]

[at s =15m]
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12. Please see answer to question no. 2 of

1
2 objective questions (level 1).
um

T, =
Jimg +f)mg —f)

Now, if masses of the bodies are different,
the value of T, (time to reach earth) will be
..Assertion is true. different if f (air resistance) is same.

Reason is also true as assertion is based on Thus, Assertion is false further Reason is
this. correct as explained above.

Objective Questions (Level 2)
Single Correct Option

1. Applying sine formula in A AOB £ZB A0 =180°-(90°+a)—(6 —-37°)
=90°-a -0 + 37°
=127°— (0. + Q)

Comparing Egs. (i) and (ii)
sin(o —37°) sin[127° - (o + 0)]
c0s37°  sin(8-37°)
sino cos37° —coso sin37°

cos37°
_sin 127°cos (o + 0) + cos 127°sin (o + 0)

sin®cos37° —cosOsin 37°

sino, —coso tan37°

gcos(a +0)+ %sin((x +0)

sin(96° + 37°)  sin(o, —37°) =

ésine —§cos6
5 5

Y, v
= ’" ..
cos37°  sin(a —37°) ) 3 4cos(o +0) + 3sin(o + 0)
orsino, — = coso, = -
Applying sine formula in 4 4sin® — 3 cos6

. 3
orsino —Zcosoc

_4[cosocc059 —sinosin®] + 3 [sino cos 0 + cosasin 6]
- 4sin® —3 cosO

. 3
or sino —Zcosoc

4[coso —sino tan 0] + 3 [sino + coso tan 0]
- 4tan6 -3

. 3
orsino — —coso

4[cosa —%sinoc] + 3[sino + %cosoc]

37° -
4% _3
A AOB 3
AO B OB’ or sino —Zcosoc
sin(6 -37°)  sin[(a +6)] _4[8coso — Tsina]+ 3[8sina + Tcosal
v, U, (ii) - 4

sin(0—-37°) sin[127°—(0.+0)] =
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or4sino — 3 cosa
=32cos0 —28sino + 24sino + 21 cos o

V50 |
7
;

or32cosa + 21cosa + 3cosa
=28sina —24sino + 4sino

or 56cosa = 8sina
7
tano =—
1
From Eq. (i)
v Uy,
cos37° sin(o —37°)
v, cos37°

. =
" sino.cos37° —cosa sin 37°
v, cos37°

- cosocos37° [tano — tan37°]
v

— m
cosa[7—§:|
4
_4 v,
25 coso
4 5
=— Xx—x+/50
25 1 V50
)
Option (b) is correct.
@=—4v+8
dt
a=—4v+ 8

At the time the body acquires terminal speed
its acceleration (a) must be zero.

Thus
-4v+8=0
v=2m/s
Terminal speed =2 m/s.
Option (b) is correct.

. Particles will collide if

— — — —
ViTVy, _hTh
— — — —
v = vyl Iry -1

V, - Vy=(61+10j+5Kk)—(10i+5)+5K)
=-51+5)
IV, = V| =52

- >
Vi-vy 1

j

— - — 2
r,—r =r,=301

- -
|r, —r =30

r, -1, v, -V,
- R -

27l 4y, V1TV
- o — —
lry -1y lv; = vyl

..Option (c) is correct.

. Displacement along y-axis at time ¢

Y
1
a=2t §
u=0|/ X
a=2t
dv
—L =2t
dt
or Idvy=J2tdt
or vy:t2+C1
Att=0,v, =0 (given)
~C; =0
: vy:t2
= Q:t2
dt
or jdy:jt2+02
/3
or y=§+C2
Att=0,Y =0 (given)
3
y-L
3

Displacement along x-axis at time ¢ :

x =yt

x

or t=—
Vo

Substituting above value of ¢ in Eq. (i)

1 3
y=2|%
3 v,

Option (a) is correct.

. t=ox? +Bx

Differentiating w.r.t. time ¢

...(1)



dt dt
or vB+20-x)=1
or v=(B+20-x)"
dv 1 dx
= 2.2&.7
dt B+ 20 x) dt
200
=———
B +20x)
200
—_—_ 72.1)
B+20x)
=—(20v?)-v
=—-20v°
~Retardation = 20 v®
Option (a) is correct.
. f=a-bx
vﬂza—bx
dx
or jvdv:j(a—bx)dx
v? ba?
or —=a-x-——+C
2 2
Asatx=0carisatrestC =0
v? ba?
L o—ax -2
2 2

2
d ax—bi =0
dx 2

ie., a-bx=0
a
or x=—
b

Substituting x = % in Eq. (@),
vfnax —a a b [a)z

2 b 2
2

)
a

max :ﬁ

Car will come to rest when
2
ax — ox” _ 0
2

%

b

b

Q

U,

..Distance between two stations = 2?(1

Option (a) is correct.

...(1)

Motion in One Dimension = 41

7. Force = — kx?
2

. Acceleration = — — x2
2m

or J.vdv:'[—kin:dx

2 3
or v—z—ix—+0
2 m 3
Nowatx =a,v=0
3
c-ka”
m 3
2 2 3
Thus v__ kx + ka
2 mx3 mx3

.~ Velocity at x =0
2ka’
V=
3m

Option (d) is correct.

8. v,=4+4t and v, =4t
.'.d—x:4+4t and @=4t
dt dt
or de:J.(4+4t)dt
and jdy:jaudt
or x =4t +2t* + C;
- c, =1
Thus x=4t+2t% +1 ..(0)
and y=2t*+C,
At t=0x=1
andatt=0,y=2
Cy,=0
Thus y=2t2+2 ...(ii)

Substituting value of ¢ in Eq. (i) in terms of y
using Eq. (ii)) we won’t get relationship as
mentioned in option (a), (b) or (c).

~.Option (d) is correct.

1 9
9. a=—gt
2g

=4 x tan 120°

=4 x[-tan60°]

=—43 m/s?
-.Magnitude of acceleration = 4+/3 ms™.
Option (a) is correct.
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1 5
10. x, =—gt
1 2g
1 2
X1 + %y =§g(2t)
1 2 1 o
Xo =—g-4t° — =gt
9 2g Zg
3 .2
Xo =— g8t
2 2g
Xo9 —X; = gt
= t= 274
g
Option (a) is correct.
11. y2 4+ x2 =12
2y~@+2x~d—x=0
dt dt
or dy __xdx
dt y dt
____ % 4
x tan30° dt
=-2/3 m/s

Option (c) is correct.

12. Maximum separation (x,,,) between the
police and the thief will be at time ¢ (shown

in figure)
3 —Police 448 kmih
: : Thiof : 90 km/h
[} I
1 I
11 1
L I
2s 7s time (f)
90 kmh™!
t-2=2 =
a 5 ms
90 _ 1000
5 3600
ie., t="Ts

max

x :[90kmh‘1><7s]—$><5s><90kmh‘1

90 x1000 9
== Xx-m
3600 2
=112.5m

Option (a) is correct.
13. If meeting time is ¢

%Sine =usin30°

ie., sin 6 :§
4

or 0 =sin!

Option (c) is correct.

14. Distancezl( op ]t2
2o+

0:1 1x4 /2
2(1+4
= t =+/500 s
=22.36s

Option (a) is correct.
15. Let BC =t

v (m/s)

241----

I
I
I
!
1

B

C t(s)
2_,
v
= t'=6s
OB =50s
Let OA =¢
AB =56 -t

1032 = %[56 + (56 -t)]x24

= t=20s
. ) 24m/s
s.maximum acceleration =
20s
=1.2m/s?

Option (b) is correct.
16. From AOAB

B o)
=< (3 — 0.2¢) ma]

OA? + OB? - AB?

cos AOB =
2-0OA-OB




17.

18.

OA? + OB? - AB?=0A-OB
AB? =0A? + OB®> -0A -OB
=(4-0.2t)% + (3 -0.2¢)°
+(4-0.2¢)(3 - 0.2t)
or  AB?=16+0.04t% - 1.6t + 9 + 0.04¢>
—1.2¢ + 12 - 1.4¢ + 0.04¢2
or AB%2=0.12t2-4.2¢+37
For AB to be minimum
0.24¢t -4.2=0
or t=175s
(AB)2;, =0.12(17.5)* —4.2 x (17.5) + 37
=36.75—73.5 + 37
=0.75 m?
= 7500 cm?
=50+/3 cm
Option (d) is correct.
Velocity of ball w.r.t. elevator =15 m/s
Acceleration of ball w.r.t. elevator

ie.,

(AB)?

min

¢ Max. height attained by ball
i
i
A H i
1
1
l 115 m/s = vge
LR
2 m m/s
5m/s T ¥
50 m

=(-=10) —(+5)=—15m/s?

Final displacement of ball w.r.t. elevator
=-2m

-2 :15t+%(—15)t2

15t2 =30t -4=0

t_30+,/900+4><4><15

2x15

ie.,

=2.13s
Option (a) is correct.
Velocity of ball w.r.t. ground (vgg)
=(15+10)m/s
=25m/s

19.

20.

21.

43

Motion in One Dimension

Now v? =u? + 2as
-~ 0% =(25)% + 20-10)H
or H=31.25m

Maximum height by ball as measured from
ground =31.25 + 2 + 50

=83.25m
Option (c) is correct.

Displacement of ball w.r.t. ground during its
flight =H =31.25m

Option (d) is correct.

Displacement of ball w.r.t. floor of elevator
at time ¢

s:15t+%(—15)t2 +2

s will be maximum, when
ds

20
dt

ie., 15-15¢t=0

ie., t=1s

SSmax = (15 X 1) + %(— 10)(1)% + 2

=12m
Option (a) is correct.
Let the particles meet at time #

i.e., displacement of the particles are equal
and which is possible when

Area of AACB =Areaof AA’B'C
[Area OBCA’ 60 being common]
or Area of AAPC =Area A’P'C

%AP xPC:%A'P’xP’C

or APxPC=A"P xPC
or (PCtan0)PC =(P'Ctan0)P’ C
or PC=PC
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OR=PC + P’C'=2PC =8s.
Option (c) is correct.
22. Area of A A’ B'O = Area of A ABO

1 1
é(UB —vy)-4 =§(uA -ug)-4

ie., Up—Uy =Uy —Up
=5-15=-10
= vy —vg=10ms™

Option (b) is correct.

More than One Correct Options

1. - a=-0v
dv
ie., = =—qv'?
dt

or jv_l/z dv:—ocJ- dt
2v1/2=—oct+C1

Now, at ¢ =0,v =y,

1/2
C; =2y,
= 2v1/2:—oct+2v(l)/2
i.e., the particle will stop at
912
t=""2—
o
Option (a) is correct.
Option (b) is incorrect.
From Eq. (i),
SLLIPE T
dt
or J.vl/2 dv:—(xj dx
2
or Zv¥i=—a +C,
3
3/2
Asatx =0,v=v,,Cy =—v;
2 2
2032 o 7v3/2
3 3
i.e., when the particle stops
2 32
xX=—u1
30 °

Option (d) is correct.
Option (c) is incorrect.

2. a=-0.5¢(m/s?)
dv_ ¢t
dt 2
1
or Jdv=—§J.tdt

23. uy, :Gms’l,uB =12 ms~

1

and at # =4 s common velocity = 8 ms™!

To find velocity of Aat#=10s
vy —8 u,-38

10-4 4
or vA—8:6—8
6 4
- v, =5ms™
Option (d) is correct.
2
vz—tZ+C1
Att=0,v=16m/s
42
v=——+16 ...(D)
4

From above relation v is zero at
t=8s

Options (a) is correct.

From relation (i),

2
é:—L_FIG
dt 4
£2
jds:j(—ns)dt
4
#3
ie., s=——+16t+C,
12

3
s=—1 116t [Asatt=0,s=0]
12

Att=4s
§=58.67Tm
Option (b) is correct.
The particle returns back at t =8 s
From relation (ii)
Sg =—8—3+(16><8)=85.33m
12

10°
S0=""15 + (16 x 10) = 76.66 m

Distance travelled in 10 s
=sg +(sg — 1)
=(2x85.33)-76.66
=94 m

Option (c) is correct.

Velocity of particle at £ =10 s



(10)2

Vo = +16

=-25+16

=-9m/s
~.Speed of particle at £ =10 s is 9 m/s.
Option (d) is correct.

- .
3. |vlis scalar.

~.Option (a) is incorrect.
dv
dt
..Option (b) is correct.

=a (by definition).

v? is scalar.
..Option (c) is incorrect.

N
% is v (unit vector)
v
dv A -
—=a#a
dt
~.Option (d) is incorrect.
4. North
Y (km) i A(3,4)
20 km/h
\)
)
37°
B East
X (km)
South

v, =-20j kmh!
Vg =(40c0837°)1 + (40sin37°)j kmh™?
=(321+24}) kmh™

-2 = -
Vap =V4 —Vp

=(-20j))— (321 +24))
=-321-44)
Option (a) is correct.
Option (c) is incorrect.
At any time
S, =3i+4j+(-20)¢

= A N
Sy =(321+24 7)1t

Motion in One Dimension @ 45
Position of A relative to B :
- - -
Sap=S4-Sp
=(31+4)-20¢])—(32¢1 + 24t ))
=(3-32t)i+ (4 -44¢)]

Option (b) is correct.
Option (d) is incorrect.

. Casel.
v = (Let)
t 1) Average
velocity = v4
Rest a1 a2 Rest
S4
v=a4l
U =ayly
8 = 1 a1t12 + fa2t22
2 2
Case II.
v'=2v
t t3 Average
2a, e velocity = v,
Rest
Sz
vV =2a.t
=2
20 = ayty
2(aqyty) = ayty
= tg =2t,
1 2,1 9
sy ==(2a)t; + —aqt
2 T e T oty
_ o 1 2
=at] + 3 ay(2t,)
= ozltl2 +2 aZtZ2
25, = a,t? + atz
8 >28; (D)
4s, =2a,t? + 2a,t2
8y <4s; ...(ii)

Combining Egs. (i) and (ii),
2s, <89 <4s;

Option (d) is correct.

$1
b+ ity
1

— a4t
g N1t

In CaseL.v,, =

1
+ Zayts
ie., v = 2
i+
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(et +(agty)t,
2(t, + ty)
vl +vty v

2(t, +ty) 2

In Case II.
_ S
t + i3

vav

_ a it + 2aqt2
b+t

(et + agty (225)
- t +2t,

vty +v(2ty)

ot +2t,

ie., Ug

=v=2
Option (a) is correct.
Option (b) is incorrect.
If the particle’s initial velocity is + ive and
has some constant — ive acceleration the
particle will stop somewhere and then
return back to have zero displacement at
same time ¢ (> 0).
Also if particle’s initial velocity is — ive and
has some constant + ive acceleration the
particle will stop somewhere and then
return back to have zero displacement at
same time £ (> 0).
..Options (b) and (c) are correct.
and options (a) and (d) are incorrect.

F=ot

= ma =o.t
o

or a=—t ...(1)
m

~.Graph between a (acceleration) and time (¢)
will be as curve 1.

..Option (a) is correct.
From equation

dv_o
dt m
Jdv—gjtdt
m
. o ¢
ie., =—-—+c¢
m 2

~.Graph between velocity (v) and time (¢) will
be as curve 2.

Option (b) is correct.

10.

a:—£s+6
30
5a =-s5+30
5-v@=—s+30
ds
or I5vdv:j(—s+30)ds
2 2
or 5L:—S—+305+cl
2 2
2
or §v2 =—S—+303 ...
2 2

[C; =0 as at s =0 particle is at rest]
Substituting s =10 m in Eq. (i),
5 5  (10)2
202 =
2

v=10m/s

+ 300

ie.,
..Option (b) is correct.

From Eq. (i) v to be maximum

~s+30=0
s=30
5 (30)?
gﬁf—2+www)
or gvim{=450

or Umax = V180 m/s
Option (c) is correct.
If particle’s path is
(i) straight with backward motion
(ii) not straight somewhere.
Distance moved will be greater than the
modulus of displacement
Vo | <0y

Option (a) is correct.

If particle returns to its initial position, the
value of v,, will be zero while its average
speed (v,,) will not be zero.

~.Option (c) is correct.
Ifu=0,v=atands =%atz

~.v-t graph will be as shown in (a).
s-t graph will be as shown in (d).



11. Swimmer will reach point B

B
} | v
I u
1
b —--4vcos0
LN
1
vsin® u
if vsinf =u
ie., v>u

Option (c) is correct.

Time to cross the river
b b

vcos O v2 —u?

Option (b) is correct.

[asvsin® =u]

B b
™R (cos 0)max

b

v

Option (a) is correct.

12. At time T, particle’s velocity change from —

—ive to + ive.
Option (a) is correct.

As slope v-t is same throughout, particle’s

acceleration is constant.
Option (b) is correct.
As net area under the curve

T)]

is zero.

{Anet = (ﬂ) + (_U)J, displacement  of

2
particle at time 27T is zero.
Option (c) is correct.
Initial speed =|v|=v
Final speed =|v|=v

Option (d) is correct.

13.

t - ) - 3 —
Velocity O : H O
Accel : (O(,) (_ B)

4—[1 —_—

Iy —>— 3 —

/

v=octl v=

L== Octl, ly =vty, I

—lvt —lvt
1757

Bty

1o,
=Bt
5Bt

14.

Motion in One Dimension

t=t, +t,+1,
2 b 2
v v v
bbb AL
v v v v v

=£+1[ll+l2]
v v

[ 11 o 1 2]
=—+—|=-0t +=Pt
v 0[2 1 262

¢ #2
L., 10‘721+15722
v 2 v 2 v

t2 t2

=£+v 10(212"'1%

v |20%  2p%
l

v[l 1]
= + —|— 4 =
v 2|lo B

Option (b) is correct.

For ¢ to be minimum.

T

l 1{1 1}
-——+=q—+-;=0
v, 2|la B

I oa+P
or — =
v? 208
or 210 B
o+

Option (d) is correct.

x=t2and y=t3-2¢

o and  Do_3z2_9
dt dt
dt dt

47

-.at t =0 particle is moving parallel to y-axis.

Option (a) is correct.
Option (d) is incorrect.

At =0, v=-2]
dt?
2

and ay =6t
dt?

Att =0, a=21

ie., vlia

Option (b) is correct.
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Att= g:
3

@=2 gbu‘c@=3 2 -2
dt 3 dt 3

~.Particle is moving parallel to x-axis.
Option (c) is correct.

15.
Speed 2 m/s 14 m/s
X P Y
Starting (Mid point)
point of Xand Y
-— 5y —»t
4
Sz
S1+S; | f2
2 |
at; =2 and at, =14
ty =Tt
1 2. 1 5
S, + S, ==at{ + ~at
1 2T T 5
-1, @t +t3)
2
_1 2 2
=—altf +(74)7]
2
=25a t}
Match the Columns
1. (a)
2 (acceleration)
+
- t —
v (velocity) v (velocity)
+
+
=1 t—
Speed increasing Speed decreasing
(a) (@) = (r) (s).

Speed @) at # :

v =2a (781 Al Sz)

2
=a(S;+8))
=a(25at})
o v=bat
or v=10m/s

Option (a) is correct.
Time t to reach P from T

10=2+ at
8 .
= t=— ...(1)
a

Time ¢’ to reach Y from P

14=10+ at’
v = 4 ...(i1)
a

Comparing Eq. (i) and Eq. (ii),
t =2t
Option (c) is correct.

(b)

(acceleration)

I+ -

4 AY

v (velocity)

v (velocity)
hi t

= SN

Speed decreasing Speed increasing

(b) (b) — () (s).

(¢) s = kt?
v:§=2kt
dt



-.v must be increasing with time.

= speed must also be increasing with time.
(©) — (p).

(d) Slope is + ive and decreasing.

~.Velocity must be decreasing with time.

= speed must also be decreasing with time.
(d) = (@).

. (@v=-2i

.. Initial speed = Ivi=2

Velocity (@) at time ¢

el B

=-21-4t]

J(=2)? + (—41)

o>V

Speed at time ¢t = o]

Att>0

Speed increasing.

. (a) - (p).

(b)v =21
Ivi=2

a=2i+2j

- o

Using5:v+ at

— A

0=21+2t1+2¢t]
l@l=+(2+ 287+ (2t)
Ast >0, o>V

(a) = (p).
(©)v=-21 and a=+2i

. e
Usingo=v+ at

0=-2i+2¢1
or 5:(2t—2)li\
lol=12¢ 2]

Att=0s Speed=|8|=2m/s

t=1s |@|=0m/s
t=2s |®|=2m/s
t=3s |&|=4m/s

Motion in One Dimension ' 49

~(e)— (s).

(dv=21i and a=-21+2j

e
w=v+at

21-2ti+2t]

=(2-28)i+2¢)

@] =4/(2-2¢8)% +(2¢)

Att=0 o] =2
=1 B1=2
2
t=1 lol=2
t=2 lo|=+20
~(d) = (8).
. (a) From A to B, vis increasing and area is
+ ive.
(a) = (p).
(b) From B to C, v is increasing and area is
+ ive.
o (b) — (p).
(c) From C to D, v is decreasing while area is
+ ive.
(©) = (.

(d) From D to E, v is —ive and | v|is
increasing, area is —ive.

(d) - .

. (a) Displacement = Area

10 x4
=% _ 90 unit

2
~. Average velocity = + ZO =+ 5 unit

ie., (a) - (v).

. 1x5 .
(b) Displacement = + 20 — —~ = + 17.5 unit
+17.5 unit

3

=5.83 unit
(b) — (s).

(c) Displacement = + 20 + (

.. Average velocity =

2 x(-10)
2
=+ 10 unit

+10
.. Average velocity = rE

ie., (c) — (s).
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(d) Rate of change of velocity at t =4 s ie., t=1s
2204—120:_5 1/('1:4—4t+t2
- v
..Rate of change of speed at dt
t =4 s would be 5. =-4+(2x1) lat?=1s]
ie., (d) — (). =—2unit
5. (a)x = —20 + 5¢2 ~(a) = (g). )
0=—20+ 5¢2 DY =4-4t+¢
0 =4 —4¢ + ¢ [For particle to cross x-axis]
= t=2s
. (@) — () ie., t=2s
ie., ; a) — (r). o194 2
b) x =—20 + 5¢
(b)x g D90
2 _10¢ dt
dg =-2+(2x2) [att =25]
= _1o =+ 2unit
d 2
t ~(b) - (p).
Velocity will be numerically equal to © dx — _ 9 unit
acceleration at t =1s. dt),_os
Th b .
s ®- @ and (@) =—4 unit
(c)Att=0s x=—-20m t=0s
t=1s x=-15m .. Initial velocity of particle

t=2s x=0m = (=2 +(-4)

t=3s x=+25m

Particle is al e al , , =2+/5 unit
article is always moving along + ive x-axis. ie., (© > (s).
. (c) = (s). d2
dx @5 =2
(d)v=-"-=10tis zeroatt =0s. dt
dt dZy
(d) - (p). and ? =92

6. (@)x=1-2t+¢2

. Initial acceleration of particle =22 unit
0=1-2t + ¢2 [for particle to cross y-axis]

ie., (d) — (s).



Graphy
28. OA : slope is + ive and increasing.
S
C
B
A D
(0] t

. velocity is +ive and acceleration is +ive.
AB : slope is +ive and constant

.. velocity is +ive and acceleration is zero.
BC : sope is +ive and decreases.

. velocity is +ive and increasing.

CD : slope is —ive and increasing

. velocity is —ive and acceleration is —ive.

29.
’ }
v
Mo M;
R, 5
Ol t Ol t —
v
M e
NN e 3 //
Q- "
S t ] :)9

In M, and M4:0°<0<90°
.. slope is +ive i.e., acceleration is +ive.
In M, and M, :90° <6< 180°
.. slope is —ive i.e., acceleration is —ive.
(a) M, : Magnitude of velocity is increasing.
M, : Magnitude of velocity is decreasing.
M, : Magnitude of velocity is increasing.
M, : Magnitude of velocity is decreasing.
Ans : M, and M.
(b) P> M,

Q- M,

R—> M,

S—> M,

Motion in One Dimension = 27

s

= So
t

a=tan 0

v =mt — v, (st-line)
J'ds = j(mt —vy)dt
2

ie, s=m 5T Vot + S (Parabola)

1
or s=so—vot+§at2 (-m=a)

Further, a= @ =tan0
dt

As for 0° <0< 90°
tan0is + ive, a is + ive.

Case II

v S

So

t

v=*Fk (constant) (st line parallel to
time-axis)

= [ds=[kat
s=Fkt+s,
dv
Further, a=—=0
dt
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Case III.
v S
Vo So
=
0
t | t
a
- t
a=tan o
v=vy +mt
[ds=[@ +mt)dt
2
ie., s:v0t+m5+so
1
or s=so+v0t—§at (-m=-a)

Further, a = v =tan®

As for 90° <0< 180°

tan0is —ive, a is — ive.

Time-displacement graph

Time-acceleration graph

Time Area Initial Net
under the | Displacement | displacement
graph

at0s |Om —-10m -10m

2s 10 m —10m Om

4s 30m —-10m +20m

6s 40 m —10m +30m

8s 30m —10m +20m

10 s 20 m —10m +10m

-10m

T
I
I
I
I
I
I
I
I
I
I
I
!

6

)
I
I
I
I
I
!
1
8 10 t—

31.

32.

33.

34.
35.

time slope acceleration
0-2s 5 5 m/s?
2-4s Zero 0 m/s?
4-6s -5 -5 m/s?
6-8s -5 - 5m/s?
8-10s +5 + 5m/s?
a
5 — —
]
l |
I 1
1 1
1 1
L t } ! ;
2 4, 61 8i 10 t—
i i i
1 1 1
] ] ]
—_

a = slope of v-¢ graph.

S = area under v — ¢ graph.

Corresponding graphs are drawn in the
answer sheet.
s _Netarea A, -A,

Average velocity = =
8 Y t Time t
Average speed = d = @

Average acceleration

v,—U, _10-—
g Sl 10 20=—5m/s2
time 6

Vp =V = Area under a-t graph.

(a) Acceleration = slope of v-¢ graph.
(b) ry — 1; = s = area under v-¢ graph.

(c) Equations are written in answer sheet.

Relative Motion

35.

(a) Acceleration of 1 w.r.t. 2

=(-8)-(-8)
=0 m/s?

(b) Initial velocity of 2 w.r.t. 1
=(+20) - (-H)
=25m/s

(c) Initial velocity of 1 w.r.t. 2
=(-5 - (+20)

=-25 m/s



36.

37.

.. Velocity of 1 w.r.t. 2 at time t(z %s)

1
=(-25) +(0)[ =
( 5)+()(2J

=-25m/s
(d) Initial relative displacement of 2 w.r.t. 1

Sy =-20m
Using§ =§() + arel t +%;rel tz’

as at time ¢ (= time of collision of the
particles) the relative displacement of 2

= 2
w.r.t. 1 will be zero (i.e., S =0)

= 1
0 =(~20) +(~25)- (5)
= t=0.85s

Let length of escalator L (=15 m)

L
walking speed of man = —
g sp 90
L
Speed of escalator = —
60

Time taken by man walking on a moving

escalator =

L
L L
el
90 60
=36s
Required time has been found without
using the actual length of the escalator.
§) = Initial displacement of elevator w.r.t.
ball =+ 10 m.
Relative velocity of elevator w.r.t. ball
=(2)-(18)=-16m/s
Accelerator of elevator w.r.t. ball
=(0)-(-10
=10 m/s*

18 m/s

10m

12m J_

2m/s
L T Elevator
5m

. - > 1 2
UsingS =S, +u, £+ 3 At

38.

39.

29

Motion in One Dimension

0=(+10) +(-16) ¢ + %(+10) £

or 52 —16t—10=0
t=3.65s
Position of elevator when it meets ball
=5+(2x3.65)
=12.30m level
time =0 time =tg
2.2 nis?
3.5 nis? —
—

@ TopNe® TomNe®

(a) %(2.2) 2 =60 ..(1)

N £=7.39s
(b) %(3.5) £ -60+x .G

Dividing Eq. (ii) by Eq. (i),

60+x_§
60 2.2
x 13
or =
60 2.2
x=35.5m

(c) At the time of overtaking
Speed of automobile = (3.5)(7.39)
=25.85m/s
Speed of truck =(2.2)(7.39)
=16.25m/s
Let, acceleration of lift = a (upward)
.. acceleration of thrown body w.r.t. lift
=(-g)-(+a)
=-(g+a)
If time of flight is ¢, using
Urel =Urel + Qrer
(—v)=(+w) +{-(a + @)}t

= (a+9t=2u
_2u
t

or a
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40. A B 2 __ 4
f OAB=0A=20m sin(45° - 0) sin 45°
20 m o 1
22 m/s 0= l:sm (—] - 45"]
l 45° 22
% 42. Let pilot heads point R to reach point @
OB = ./(OA)* + (AB)® . Norct)h
= /(20)% + (20)
—
=202 m = o 1000 km
Speed along OB is 242 m/s e
200 km/h
. Time taken to reach B = LGil m P East
2\/5 ms South
=10s sin 6 = @
41. In AOPQ, " PR
A B ~200¢
P —REer flow 500¢
0 Q = 8 =sin"1(0.4)
45° (PR)2 — (RQ)2 + (PQ)2
© or (500%)? —(2008)* = (1000)>
OP=1Vy,| or jo_ 1000
0P 3] J(500? — (200)*
= Vr
J25-4 21

sin £ POQ - sin ZOPQ

Objective Questions (Level 1)
Single Correct Option

1. As the packet is detached from rising O=u— (mg +f jTl
balloon its acceleration will be g in the m
downward direction. oo um

1=
Option (b) is correct. mg + f
2. While going up : Using 0% =u? + 2as
mg + f
Stops 0 =u’-2 () s
_ m
2
ie., g=_ "
2(mg +f)
T S While coming down
u [—
s = 1 (mg f ) 7’122
Y 2 m

m

f (Air resistance) 2 _
g or mu _ 1(mg-f T22
2(mg +f) 2



. 21=

T, = um -
J(mg + f)(mg - f)
Using Eq. (i) and Eq. (ii)
T, |mg+f
T, \mg-f

= L,>T

(i)

=

Option (c) is correct.

. Angular speed () of seconds hand

= 2n rad s
60
Speed of the tip of seconds hand
vzlxl cm/s [ v=ro and
30
r=1cm]

As in 15s the seconds hand rotates
through 90°, the change in velocity of its
tip in 15 s will be

T2

=0/2="cm st
30

Option (d) is correct.
5+5
5 5
- + -
30 60
Option (c) is correct.

. Average speed = =40ms™

. Relative velocity of boat w.r.t. water
=(3i+4)-(-31-4)=61+8)

Option (b) is correct.
(18 x11) + (42 xv)

18 + 42
=0 =25.29 m/s
3
x=32t— 5L
3
v=% _39_gp .0
dt
.. Particle is at rest when
32-8:2=0
ie., t=2s
Differentiating Eq. (i) w.r.t. time ¢
dv
a=-—=-16¢
dt

. a at time ¢ = 2 s (when particle is at rest)
=—(16) x(2) = - 32 m/s”
Option (b) is correct.

10.

Motion in One Dimension @ 31

For first one second

9-Lax2
2

= a=4m/s?
Velocity at the end of next second
v=(4)x(2)
=8 m/s
Option (b) is correct.
x=-3t+1¢3
. displacement at time ¢ (=1s)
=-3+®?=-2m
and displacement at time ¢ (= 3 s)
=-3(3)+(3)%=18m

And as such displacement in the time
interval ¢ =1stot=3s)

=(18m)-(-2m)
=+20m
Option (c) is correct.

Acceleration a = bt
dv

— =bt
dt
or Jdvz_[btdt
or vzlbt2+C
2
Now, att=0,v =y,
C:vo
. 1,5
ie., v==0bt"+y,
2
or ézv0+1bt2
dt 2
1
or JdS=J(Uo +§bt2Jdt
1,3
or s=v0t+8bt +k
Att=0,5s=0,
: k=0
1,.3
= s=vyt+=bt
6

Option (a) is correct.



32 ' Mechanics-1

11. %g(2z&2 + 6) m (given)
A o 3rd drop
time =t
' e2nd drop

N =
- Q >
)

%g (2t
time =t

_ J _ lstdrop_
1 -

—gt"=—m
2g 4

.. Height of 2nd drop from ground

=bm-—-m
4

=3.75m
Option (c) is correct.

12. _
[attime = 1] 9 m/s 20 m/s

> e
™

[At time = # — 1]
s= 1102
2

=20(t-1) + % x 10(¢ — 1)

or L=4-D+E -2t+1

or 2t-3=0
3
or t=—s
2
2
s:lxlox(ﬁ)
2 2
=11.25m

Option (c) is correct.

3
v=ti+ 2}
2

Thus, velocity of particle at time ¢ (=2 s)

will be

v, =21+4]
Option (b) is correct.

13. v} =2gh and u22 =2g(3h)
u

%_3
or u=vy3
Option (a) is correct.

14. v, =8t -2
: 4 _gi_9

dt
or [dx=[®t-2)dt
or x=41 -2 +k

Nowatt=2, x=14
. 14=4-22-(D2+k
ie., k=2

Thus, x=41 -2t +2
Further, v, =2

ie., d—y =2

dt

or J.dy = j2dt
or y=2t+k
Now, att=2,y=4

k=0
Thus, y=2t

Substituting ¢ = % in Eq. (@),

=i(3) (3)

or X = y2 -y+2
Option (a) is correct.

15. x=5tand y =2 + ¢

A% _coand @ Z 4141
dt

dt
Now, dizdy/dt
dx dx/dt
tan 45° = 4+l
5
= t=1s

Option (b) is correct.
16. y =8¢ —5¢% and x = 6¢
dy dx
—~ =8-10tand — =6
dt dt

...

...(ii)



Att=0
D 8 and dx _ 6
dt dt
.. Velocity of projection
dx Y dy >
== +|=2| =6 +8°
() (&)
=10ms™*
Option (c) is correct.
17. r- |22
g
Tr_|2(H
3 g\ 9
— Top of tower
iH@
i t=I __J__.
of | 3 T
W H _8H
E A9~
R
| | d¢=7  _y_ Ground

Option (c) is correct.

18. Distance of farthest corner from one

corner
=a+a+a=3a
. 3a
.. Time taken = —
u

Option (a) is correct.

19. Time-velocity graph of the given
time-acceleration graph will be
v |8 __

(m/s) 1 1
i i
I I
| |
4 8 12 t(s) >

.. Height of lift above the starting point
when it comes to rest

= Area under ¢-v graph
_At12 e 64m

Option (b) is correct.

20.

21.

Motion in One Dimension

Vmax b - - - -5

In time interval ¢;

. v
Acceleration = 22X — ¢
1

In time interval £,

Retardation = “max — 9¢

vmax 2 . vmax
L ]
ie., 4L =2t
Now L+t =
2+t =t
t
or =—
3

Depth of shaft = Displacement of lift
1
== t+
9 Umax( 1 t2)

1
= §vmax (2t2 + t2)
3

= § vmaxt2

=%(2at2)t2

=3at;

2
)
3
_at’

3

Option (b) is correct.

s=2ut+10tt2 =ut+12at2
2 2

a
P 2u P
time =0 time =t
u
Q 24 Q
| > |
) S 1
1
= ut--at’> =0

33



34 ' Mechanics-1

or u—lat:O
2
or t=%
a
2
o) 1)
a 2 \a
aw’  wl
= 4+ —
a a
6u2
o

Option (a) is correct.

22. u = vertical speed (w.r.t. cart) of the

particle.
Actual path followed
u by the particle
—
t=0 , =T
30 m/s ! u = Vertical speed
I 0m (w.r.t. cart of
the particle)
80m 8
For cart T = =—s
30m/s 3

For particle 0=uT + %(—g) T?

ie., ZgT? =uT

_2u_8

g 3
. 2u 8
ie., — ==
10 3

0 1

or u=-—ms
3

Option (c) is correct.
23. A = %(+10)(+1) =+5m
Ay = %(—10)(+1) =-5m

f (Air resistance)

1l
o

u

fe—

10 1
N

10 --------

.. Displacement of particle at time (¢ = 2)
=(+5m) +(-5m)
=0m.

i.e., the particle crosses its initial position
att=2s.

Option (b) is correct.

24. As downward direction is considered to be
+ ive, velocity of ball at ¢ = 0 will be — v,,.

Thus, option (a) and (c) are incorrect.

Now, as the ball will have +ive
acceleration throughout its motion option
(b) is also incorrect.

.. Correct option is (d).
25. Let acceleration of lift = a (upwards)
Displacement of ball in time ¢

=Displacement of lift in time ¢
1 1
vt — = gt* = = at®
T8 Ty

o
2 2
Q0. —
q = 2% gt
t
Option (a) is correct.
26. a =-0.20°
dv__ 0.20*
dt
or Jv_zdv =— 0.2.[ dt
U—2 +1
or =-02t+C
-2+1
1
or --=-02t+C
v
Now, at ¢ =0,v =10 m/s (given)
Ll 0+C
10
ie., C=- i

10



27.

28.

29.

Thus, - > = - 0.2 — =
v 10
- For velocity v at time ¢ (=2 s)
—1=—(O.2><2)—i
v 10
41
v 10 10
1.1
v 2
= v=+2m/s.

Option (a) is correct.

For displacement (S;) of train 1 before
coming to rest

0% =(10)* +2(-2) S,

S;=25m

For displacement (S,) of train 2 before
coming to rest

0* = (200> +2(-1) S,
S, =200 m

=S +5,
=225m

Option (b) is correct.

Let the balls collide after time ¢ the first
ball is shot.

.. displacement (S) of ball 1 at time ¢
= displacement (S)of ball 2 at time (¢ — 2)
400+ (-9 =40 -2 + ()t~ 2
1

i.e.,

ie.,

S,

min

or §g[t2—(t—2)2]:80
or (t+t-2(-t+2)=16
or 2t —2=8

or t=5s

S= 4O><5+%(—10)52

=200- 125
=75m
Option (b) is correct.
O=u-gT
ie., u=gT ...(1)
H:uT—%gTz ...(ii)
and  h=ut- %gﬁ ...(iii)

30.

31.

32.

33.

Motion in One Dimension

Substracting Eq. (ii) from Eq. (iii),
h-H=u(t- T)+%g(T2 -#%)

_ Tt - T)—%g(t— T)(t+T)

=(t—T)g[T—%(t+T):|

2T—t—T]

=(t—T)g[ 2

1 2
=——gt-T

2g( )
i.e.,h:H—%g(t—T)Z

Option (d) is correct.

£
x=—
2
_dx _
Toodt
@2
2 2 8
_dy _ &
Yoodt 2
Jr=t+3
ie., x=1t>+6t+3
@=2t+6
dt
ie., U<t

Option (b) is correct.
Aeroplane’s velocity at time ¢ (=20 s)
=Area under curve (#-a graph)

=(20><5)—(%><10><2)

=90m/s
Option (c) is correct.
v=5,/1+5
At s =0 (i.e., initially),
velocity of particle = 5 m/s
Option (b) is correct.
Differentiating equation (i) vlv.r.t. S
P _5laen
ds 2
dv 1 1

5 - -
—=—(1+5) 2-5(1+5)2
v s 2( ) ( )

=12.5m/s?

35

...
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Option (b) is correct.
34. See answer to question no. 2.
mg — f
mg +f
mg — ma

Time of ascent _

Time of descent

i

mg + ma

_ |E~-a
g+a
_[10-2
10+2
- |2
3
Option (b) is correct.
35.
N
10t/ 91 River flow W+E
! S
Y
5t
5t
sin@=——= 1
10t 2
= 6 =30°
Option (b) is correct.
36. F =3t -32
ie., ma,. = 312 - 32
312 - 32
or Aot =
10
or @, =0.3t —3.2
or 032 -39
dt
or [dv=©03¢-32ad:
0.3t
or v= -B.2t+k
or v=012- 3.2t +k
Now, at¢=0,v=10m/s
10=%
Thus, v=0.1£*-(3.2¢+10

satt=5s
v=0.1(5)> - (3.2)(5) + 10

=125-16.0+10
=6.5m/s
Option (b) is correct.
37. u® =2gH
u2
= H=—
28
10 =u? —2g —
= u? =100 + gH
Stops
H —f 10 m/s
H
2
l u
Thus, g = 100+ gH
2g
or gH =100
= H=10m
Option (b) is correct.
38. 10 m/s
!
i
i
1
15 m :
i
I
iu
t=0
102 =u? - 2g x 15
100 =0v* -2x10x15
i.e., u=20m/s
Now, v=u—-gt=20-10x3
=20-10-(3)

=—-10m/s, downward
Option (d) is correct.



Motion in One Dimension = 37

JEE Corner

Assertion and Reason

1. As acceleration (@ ) is just opposite to
—

velocity (v), the particle will move along a

straight line.

o}

-

T
I —
! v

.. Assertion is false (motion being one
dimensional).

Reason is true as v and a do not depend
upon time.

Option (d) is correct.

. Displacement-time graph is parabolic only
when the slope of the straight line

velocity-time graph is not zero i.e.,
acceleration is not zero.

If acceleration is zero.
s=ut

i.e., the displacement-time graph will be a
straight line.

.. Assertion is wrong.
Reason :v=u+at

. ds
l.e., —=u+at
dt
or st:J.(u+at)dt

s=ut+1at2+k
2

Ifatt=0,s=0
The value of k will be zero.

1
s:ut+fat2
2

Thus, reason is true.

3. Displacement in time ¢,

= Area under v-t graph
1

=—0Uyl
200

. average velocity in time interval ¢,

_ Displacement
)
1

—Ugt
_2 %% v

. Assertion is true.
Reason is also true as proved.

4. Acceleration (a) will be zero only when

velocity does not change with time

dv
a=v —
ds
_ds dv
dt ds

_dv

dt

.‘.a:Oif@:O
dt

or v is constant with time.
Thus, Assertion is wrong.

Reason is correct as a is equal to % which

is instantaneous acceleration.

. If acceleration is in the opposite direction

to the velocity of the particle the speed
will decrease.

u=10m/s
a =— 2t m/s?
g
dt
jdv:f—gtdt
v=-2" 1
2
At t=0s, velocity = + 10 m/s
: k=+10m/s
- v=—1+10
Time (#) vm/s speed (m/s)
15 9 9
25 6 6
35 1 1

.. Assertion is true.
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Reason is false as when acceleration is
positive the speed will increase.

da _3 .
i 2 (ms™) (given)
[This implies that reason is true]
| da=[2dt
a=2t+C

Ifatt=0,a=0
we have C=0

a=2t
or @ =2t

dt

.. Assertion is false.

Option (d) is correct.

If initially particle velocity is — ive and
acceleration is uniform and +ive, the
particle will return to its initial position
after a certain time interval. In this time
interval the average velocity will be zero
as net displacement will be zero.

.. Assertion is false.

For average velocity to zero, the particle
must return to its initial position (as
discussed above) and for this velocity can’t
remain constant.

.. Reason is true.
Option (d) is correct.

From O to A velocity of the particle is
increasing while from A to B it is
decreasing without change in direction as
for the velocity to change its direction the
slope of s-t graph must be negative.

. Assertion is false.
If the slope of s-¢ graph is + ive the velocity
of the particle will be +ive while if it is
—ive the velocity of the particle will also
be —ive.
. Reason is true.
S, =2t — 4f>
and S, = — 2t + 4¢>
= displacement of particle 2 w.r.t. 1.
Sp1=8, -8
= (=2t + 41%) — (2t - 4t?)
= — 4t + 8¢

10.

11.

Time ¢ | Relative Displacement
Os 0m
1s 4 m
2s 24 m
3s 60 m

As relative displacement is increasing the
relative velocity would also be increasing.

.. Assertion is false.

Reason is true.

If v=u+(— a)t [acceleration being made
—ive]

Velocity (v) of the particle will be zero

at t:ﬁ_
a

u S
Thus, for t< =, v is +ive
a

i.e., the acceleration can change its
direction without change in direction of
velocity.

~. Assertion is true.
If AV changes sign say from +ive to —ive,

the acceleration which equals % will also

change sign from + ive to — ive.

.. Reason is true but it is not the correct
explanation of the assertion.

At time ¢t when the two are at the same

height.
$A u=0
S1Ia=+g
A-o————T————QB——timet
1
1
S, i
l iu=¢s7h
B
Zgl |+ |ut-Zgt®|=h
(zg) (u zg)
ut=nh
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4 Projectile Motion

Introductory Exercise 4.1

. A particle projected at any angle with =80 — 1 x10x 2% =60m
horizontal will always move in a plane 2
and thus projectile motion is a v= vi + vi
2-dimensional motion. The statement is 7 7
thus false. =\40" +2
. At high speed the projectile may go to a = 2045 m/s
place where acceleration due to gravity tan ¢ = vy _ 20
has some different value and as such the » 0
motion may not be uniform accelerated. ) (1
The statement is thus true. Le., ¢ =tan (5)
. See article 4.1. s= s + S?’
. u=40v2 m/s, 6 = 45° 760
As horizontal acceleration would be zero. = 80" +6
=100m
0 s
tano = %
sx
_60
80
lLe., o=tan! (—)
v, =u, =ucos0=40m/s 4
s, =u,t=(@wcos0)t=80m 5 s :ut+1(—g)t2
- Oy T Uy
A : position of particle at time = 0. 2 1
B : position of particle at time = ¢. or s, =(usin6)¢ — 2 gt?
As vertical acceleration would be — g 1
or 15 =20t — = gt*
v,=u, -8t 2
=usin® = gt or £2=4t+3=0
=40-20 ie., t=1sand3s

=20m/s 6
2

. See figure to the answer to question no. 4.
u=40m/s,0=60°
: u, = 40cos 60° =20 m/s

1
s, =u, - t——gt
y y 2g
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Thus,v, =u, =20m/s

As ¢ =45°
v
tano=->=1
vx
Yy =0, =20m/s
Thus, v = [ +v;2v =v,/2
=202 m/s

Before reaching highest point
v, =u, +(-g)t
20 =40sin60° — 10¢

or 2=23 -t

= t=2(/3-1Ds

After attaining highest point
-20=40V3 - 10¢

ie., -2=2J3 -t

or t=2/3+1s
7. Average velocity = __Range
Time of flight

B u? sin 20/ g

~ Qusina/ g

_2uzsin0ccosoc>< g
g 2usino
=ucoso

8. Change in velocity

+usino u

—usina

=(—usina) — (+usino)

=—2usina

=2usin oo (downward)
9. Formulae for R, T and H

will be same

if the projection point and the point where
the particle lands are same and lie on a
horizontal line.

10. ¥ =[3¢1+ (4t -52) jIm

11.

y-coordinate will be zero when

4t -5 =0

ie., t:OS,és
5

t=0 belongs to the
projection of the particle.

initial point of

r=0im
ie., x=0m
Att=0.8s,

r=24im
ie., x=24m
v, =u, =10m/s

I
60°!
uy =20 cos 60°

=10m/s
v, =u, =10m/s
v, =UCOS 0
= cosq)zv—x
v
_10
v
10 20
== [as,v = — (given)]
10 2 & )
=1
ie., 0=0°

.. Speed will be half of its initial value at
the highest point where ¢ = 0°.

Thus, g o usin®
g
_ 20sin 60 ~ s
10
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Introductory Exercise 4.2

1. Time of flight

Using,

2. Component of velocity perpendicular to

plane

o =60°

B =30°

u =10 m/s?
g=10m/s?

T
gcosP

_ (2% 10sin(60° — 30°)

_ 2u sin (o — B)

10cos 30°

=—s

V3

v=u+at

—_ p— o
v, =u, =ucos 60

:10><1:5m/s
2

v, =u, +(-g)T

=usin60° —

V3

=10—-10
2

= Upet COS B

= E X cos 30°

N

gT
2

V3

_10 3
V32
=5m/s

3. Let the particle collide at time ¢.

4.

2 » 2

i
| i

|

e X] = Xp ]
| d |

x; =(ucos0)t
and X9 =Vt
d=x -
=@ +ucosO)t
=[10 + 10v2 cos 45° 1t = 20¢

Using equation, s = ut + %at2

For vertical motion of particle 1 :
h—-10=(usin0) ¢ + %(—g) £

ie., h:10+(usin9)t—%gt2 ()

or h—10+10t—%gt2

For the vertical motion of particle 2 :
20-h = %gtz

ie., h=20- %gt2 ... (i)

Comparing Egs. (i) and (ii),

1 1
10+10¢—-g?=20--g ¢
28 2%
= t=1s
d=20m
u=10m/s
v =52 m/s
v
] S
_~<i 0
A B
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0=30°
¢ = 45°
d=15m

Let the particles meet (or are in the same
vertical time ¢).

d=(ucos0)t+(cos )t
= 15 = (10cos 30° + 5v/2 cos 45°) ¢

or 15=(5v3 +5)¢
3
or t=——s
V3 +1
=1.009 s
Now, let us find time of flight of A and B
2usin®
T, =
g
=1s

As T, <t, particle A will touch ground
before the expected time ¢ of collision.

Ans : NO.

5. For range to be maximum

O_E
30 =5
a:E+E
4 2
n 7n/6
= — 4+ —
4 2
_r
3
=60°

6. At point A velocity (v) of the particle will
be parallel to the inclined plane.

u=40m/s
o =60°
B =30°
g =10m/s?
o=p
U, =U, =UCOSO
v, =vcos O=vcosf

or ucoso =vcosf
ucoso 40cos60°
= = =
cos 3 cos 30°
40 (1)
_ 2
RE]
2
40
=—m/s
NE)

. (a) At time ¢, vertical displacement of A

=Vertical displacement of B

time ¢

1
la = _qom2 kBSOS

I X | B

. 1 o 1 -
v,Sin0)t—=-gt° =v,t — =gt
(vy ) & Bl=58

ie., v, sin@=vp
sinf="E
Va
_10_1
20 2
6=30°

(b) x =(v, cos0) ¢
=(20cos 30°) x %

=5+3 m
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AIEEE Corner

Subjective Questions (Level 1)

u? sin 20 3 (20/2)* sin 90°

1. (@ R=
(a) m
=80m
- u?sin?6 _ (204/2)% sin® 45°
28 10
=40m
o 2usin® _ 2(20+2) sin 45°
g 10

=4s
() u =(201 + 20 m/s and a = — 10 j m/s?
- o o
—-v=u+at
=(201+20)) +(-10) LWatt=1s)
=(201-10%) m/s

(c) Time of flight
2usin®
T =
g

2 % 2042 x (%)

10
=4s

(c) .. Velocity of particle at the time of
collision with ground.

=(201+20)) +(-103)4
=(201-20%) /s
2. (a)s:ut+%aut2

20 m/s
f 20V2 m/s

1
+1

(-40) =(+20) T + % (-10) T?

or 5T? —20T — 40=0

or T? — AT -8=0

T —(—4) + /(-4)? — 4(1)(-8)

2(D

Leaving — ive sign which is not positive.
_4+4/48 4+443
22
=(2+2V3)s
=5.46s

R=20%x5.46=109.2m

(b)s:ut+%at2

(-40)=0x T + %(—10) T2

= T=2J2s
=2.83s

R =283 x20
=56.6m

1
(c)s=ut+=at
2

20V2 m/s
—40m

N,

-~ R—>
(-40) =(-20) T + %(—10) T?

or 5T? +20T — 40=0
or T?2 + 4T -8=0
p_— AW -4 (E8)
B 2(1)

=#=—2+2\/§=1.465
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R=20x1.46
=29.2m
3. (a) Change in velocity (v,)

= Change in vertical velocity
(as horizontal velocity does not change).

=(usin6 — gt) — (usin 0)
=—-gt

=—(10x 3) m/s
=-30m/s

=30 m/s (downward)

(b) u = (201 +20J) m/s
a=-107m/s?
.. Displacement at time ¢ (=3 s)
- 1—) 2
=ut+—-at
2

~(203+20)3 + %(—103)32

=601+60j—45]

=601+15]
3 _601+15]
av 3
=201+5]
= [Vay | = 420 + (5)?
= /425
=20.6 m/s
4. R+vT =50

u
. o/\ Player
% R

Coach
50 m

2 2
= oT =50 - 50

. 2
b x 2usin® ~50- (20)
g 10

vx(2><20><s1n45 ):10
10

-

2 %

t=T :t‘o
1

5. Horizontal compnent of velocity at
P = Horizontal component of velocity at O
vsin©

*a =—10m/s?_ Yoo

Ol 60 cos 60°

vcos 6 =60cos 60°

= v cos 45° =60cos 60°
- b= 60cos 60°
cos 45°
=30v2 m/s
For point P :
vsin 45° =60sin 60° + (-10) ¢;
or 30:60§—10t1
t=3(B-1
=2.20s
For point @ :
—vsin 45° =60sin 60° + (-10) £,
t, =33 +1)
=8.20s
6. Y =bx — cx’

Differentiating above equation w.r.t. time ¢
sz@—Zcx@ ...(d)
dt dt dt
dy _,dx
dt dt

]2
(& -#(2)

=1+ b % ...(i1)

(atx=0)




Differentiating Eq. (i) w.r.t. time ¢
Py | d (dx ¥ Px
—=b-—5 —2c| —| —2cx—5...(iii)
dt? dt? dt

dr*
Acceleration of particle

o (Y (e
di de

@x_
dt®
2 2
Substituting d—;c =0 and d—g} =-—a in
dt dt

Eq. (iii)

2
-a=-2c (dx]
dt
. dx \/?
ie., — ==
dt 2c
Substituting above value of % in Eq. (ii)

a 2
= 71
U=, c( + b%)

. (a) Velocity at point A = 7.61+ 6.13

v, —
R

+h

la=—10m/s2

2 S

.. Initial vertical velocity at a = 6.1 3 m/s.

Final vertical velocity at B (highest point)
=0m/s
Using v® =42 + 2as (Between A and B)
0% = (6.1)% +2(~10) (+h)
_(6.1)?
- 20
=1.86m
.. Maximum height attained by ball
=9.1+186
=10.96 m

(b) Let magnitude of vertical velocity at O
(point of projection) =u,

Usingv® =u? +2as  (Between O and A)

= h

Projectile Motion 57
(6.1 =u +2(-10)(9.1)

= u, =,/37.21+182
=14.8
Angle of projection

=62.82°
2 .
Range = u” sin 20
B W2 + u?v) sin 20
8
_ @ + ui) sin 20
8
(7.6 +(14.8)*1sin 125.64°
- 10

=22.5m

(c) Magnitude of velocity just before the

ball hits ground
1

= [(—uy)2 +(W,)? 13
1
=[(-14.87 +(6.0°R  [u, =v,]
=16ms™

@) o=6= tanl[uyJ

Uy

_ tan,1(14.8)
7.6

= tan"1(1.95)

. As initial vertical velocities of both

particles will be zero and both fall under
same acceleration (g), at anytime ¢, the
vertical displacement of both will be same

+§$ *a +
! ti

\B
me = £ X0 9
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Y y

i.e., both will always remain in the same or Bl =tano
horizontal line as shown in figure. x R-x
At time ¢ : or tan 0 + tan ¢ = tan o
Vertical velocity of A (Students to remember this formula)
= Vertical velocity of B = tano = 3 + 3
=0+(+9)t 69 12
=g t = E
At A: tan-1 3
. ) . = o=tan " |—
tan 6 = Vertical velocity of particle 1 ( 4)

Horizontal velocity of particle 1
10. On the trajectory there be two points P

t .
or tan@ = i— ... and @ at height A from ground.
1
AtB:
tan (90°— 6) = Vertical velocity of particle 2
Horizontal velocity of particle 2 o
If particle takes ¢ time to reach point A
or cos 0 = &t ...(ii) (i.e., vertical displacementlof +h)
“ (+h)=(usinw) ¢ +=(-g) £
Multiplying Eq. (i) by Eq. (ii), 2
1-8t, 8t or gt? —2(usino)t +2h =0 ...
U U The above equation is quadratic in ¢. Two
[ values of ¢t will satisfy Eq. (i). One having
t= g lower value will be time (=¢;) to reach
point P while the higher value will be the
Distance between A and B time (= #,) to reach point Q.
=R, +R, . Time to reach point @ from point P
=uqt + Uyt =l -4
= +uy)t \/f
= (& + 1)% — 4tt,
Ju
=(u; +uy) 1t 3
8 _ |(2usina) 4 2h
_ 72 g g
9.8 ) )
[Using Eq. (1)]
=247 m &

B 4u® sin® o, — 2gh
9. Y:x(l—i):tana B g
R

3 \/16ghsin2 o—8gh

v or (-t)=
Y 8
Y=3m ceqy —
60 . 3 (-u=2gh)
X (R=x) Distance between P and @ :
=6m ’ 2h = (ucos o) (¢, — )
4h? =12 cos? _ )2
_YR _ihe h” =u” cos” ou(ty — t;)
2R — x)

2

or 4h? = (4gh) cos® oc(
g

16ghsin? o — Sgh]



11.

12.

or 1=cos? (16sin? o — 8)
or 1=cos® 0. [16(1 — cos? o) — 8]
or 1=cos®a[8 - 16cos? o]
or 16cos*a —8cos?a+1=0
= (4cos?a-12=0
= 4cos’o = 1
4
1
coso =~
2
cos o = 60°

(coso=— % being not possible).

2000
b —t)= \/16ghsm 60° — 2gh

2
=2JW
g

g
(Proved)
Initial vertical velocity = usin o,

At time ¢t vertical velocity =vsin 3
vsinB =usino=(-g)¢t ..

Now, as horizontal acceleration will be
Zero.

veosP =ucoso
Thus, Eq. (i) becomes

ucosao ) . .
sinB =usina — gt
(cosﬁ )
or usinocosf —ucosasinf = gtcosf
or _ &tcosP
sin (o — B)
2 .
Rog-Y sin 20
g
) - a
R |
2 .
ie, BR—ab=24SImZ )
g

13. Rl :vl
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R b
_u®sin 2B
g
au® sin 28

g
Adding Egs. (i) and (ii), we have

bR + aR i (bsinZoc + asinZB)
g

_ 2 (bsin 200 + a sin 20)
(a+bg
u? sin 20 2 (bsin 200 + a sin 20)
g (a+bg

N e:lsm* bsin 20, + a sin 2
2 a+bd

R+b

ie., aR +ab=

...(i1)

or R

(Proved.)

121

5 n|R

Ri=10m

ie., h=
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14. Vertical velocity of balloon (+ bag)

-

/o) o
— 12 km/h/,//A
Vo = 20 kmth é/’/ 50m
Yz | |
J—— 4—/ o
=12x im/s
18
1
_10
3

Horizontal velocity of balloon (+ bag)
= Wind velocity =20 km /h =20 x % m/s

=@m/s
9

=5.55m/s

stano = E i.e.,sino=0.51
20

Bag is released at point A.

Let ¢ be time, the bag takes from A to
reach ground.

Using, s = ut + %at2
10 1
(-50) = (—sin(x)t+ ~(-g)
3 g9 &
ie., 562 -1.7t-50=0
o L7417 — 4 x5 x(-50)
B 2x5

=3.3T7s

Vertical velocity of bag when it strikes
ground

vy =— ? +(10)(3.37)
=37.03 m/s
v, =5.55m/s
Velocity of bag with which it strikes

ground
Unet = \/U?g + v,
=37.44 /s
2usin (o0 —B)
gcosP
_ 2x 2042 x sin (45° — 30°)
- 10cos 30°

15. T' =

=1.69s
R 2u? sin (o — B) cos o
gcos® B
2% (20+2)% x sin 15° x cos 45°
10cos” 30°
=39 m
16 T_2usin(0c+[3)
) gcosf
2% 2042 x sin (45° + 30°)
10cos 30°
=6.31s
u? ) .
R = 5—[sin (20 + B) + sin ]
gcos” B
2
- Q0D (900 +80°) + sin 30° ]
10cos” 30°
=145.71m
17. T=2us1n((x+[3)
gcosf
_ 2usin (o= 0°)
gcosP
:2—utanB
g
= 2x20 tan 30°
=231s
u2
R= 5—[sin (20 + B) + sin ]
gcos” B
2 .
:LSIJIB) [as(x :00]
gcos” B
_uT 20x231
cosp  cos30°
=53.33 m
2
u ) )
18. R = 5—[sin (20 + B) + sin ]
os” B
w2
= 5—[sin {2(a + B) — B} + sin ]
gcos” B
2
=Y 5—[sin (1 —6) + sin 6]
gcos“ 0
T
o+ p)=—=
[ (o +P) 2]
w2
or R=——tan06secH

g



19. (a) Acceleration of particle 1 w.r.t. that of

20.

particle 2
=(-8-(-9)
=0
(b) Initial velocity of 1st particle = 203 m/s
Initial velocity of 2nd particle
=(20v2 cos 45° 1 + 2042 sin 45° ﬁ) m/s

=(201+207) m/s

.. Initial velocity of 1st particle w.r.t. that
of 2nd particle

=[(20%) - (201 +205) Im/s
=-201im/s

=20 m/s (downward)

(c) Horizontal velocity of 1st particle
=0m/s

Horizontal velocity of 2nd particle
=201m/s

.. Horizontal velocity of 1st particle w.r.t.
that of 2nd particle

=0-(201)
=—-20im/s
Relative displacement of 1st particle w.r.t.
2nd particle at t =2s
=-201ix2
=—401m/s
. Distance between the particles att=2s
=40m
(a) As observed by passenger
Vertical acceleration of stone
=g-0=g
Horizontal velocity of stone
=v-v=0

.. Path of the stone will be a straight line
(downwards).

(b) As observed by man standing on
ground

21.

22,
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Vertical acceleration of stone = g
Horizontal velocity of stone =v
.. Path of the stone will be parabolic.

@gyy=8-(-a)

w m/sf f am/s?

u

A

=g+a

=10+1

=11m/s?

_2usin9
8eft

_ 2x2xsin30°

11

=0.18s

(b) Dotted path [(in lift) acceleration
upwards]

T

Full line path [In lift at rest or moving

with constant velocity upwards or
downwards].
(c) If lift is moving downward with

acceleration g.

/Q/— Path of particle

Ber =8~-8=0
Horizontal motion :
Xy =uy cos0; and xy =u, cos 0
u; €os 0; + Uy cos 6y =20 ...(@)
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Vertical motion :

Objective Questions (Level 1)
1. v =3i+4jandF=41-3j

vF=31+4) -4i-3)
=12-12=0
Flv
Path of the particle is circular.
Y
v
i
T X

n)

Option (c) is correct.

2. Projectile motion is uniformly accelerated

everywhere even at the highest point.
Option (a) correct.
Option (b) incorrect.

At the highest point acceleration
perpendicular to velocity.

Option (c) incorrect.

3. For range to be maximum

0 =45°
ie., Ye _ cos 45° = i
u
u
or U, = — (v, =uy)
V2

20 + (u; sin 0;) £ + %(—g) 2 =30
+ (uy sin By) ¢ + %(—g)t2

or (u;sin6; —uy sinB,) t =10  ...(i1)

20
V2
=14.14 m/s
=14 m/s (approx)
Option (b) is correct.

2 2
. H (maximum height) = £ 50 %
u’ sin” 6 u? sin? (90° — 0)
“H=———andHy=—————
28 g
_ucos®®
g
.2
Thus, , _sin"6
H, cos®6

Option (c) is correct.

. Equation to trajectory is

2
Y:xtane—EQL
2 u” cos 0sin O
2
sztane—x—
R

2 3R
A= tano-*_
2 3R |,
2 3
=R—tan6—R—
2
=R2[tan9_1]
2 3



_ 4vj sin® O cos® 0 [tane 1}

g’ 2 3

B 471/3 sin®@cos 0 _ sin” B cos” 0
g’ 2 3
4

= ?2)& [3 sin® Ocos 6 — 2sin? O cos? 0]

g2

6. vcos O =ucosH

v

Option (d) is correct.

|

¢
u B
1
PV
ucos 60°
or =
cos 30°
or v=-—L
NE)
KE at B= % mv®
1 u?
=—m- -—
2 3
K ( 1 o
= omut =
3 2
.. Option (b) is correct.
7 u?sin20 _ l(uzJ
g 2\ g
. 1
or sin 20 = —
2
or 20 =30°
o 0=15°
Option (a) is correct.
8. T = 2usin 0
g
T, - 2usin (90° — 0)
g
_2ucos0
g
2 .
Thus, T = E2u sin Ocos O
g g
or T.T, = 2R
g
1
= R = 3 g T,
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9. R ,=16m

max 9
u

8

= u=4m/s
T 2u sin 45°

=1.6

8

442

T 10

102 1042
T 442/10

=25
.. Grass hopper would go
=25x1.6m i.e., 40 m.

Option (d) is correct.
|Displacement |

Number of jumps =

10. | Av. velocity | =
time

2
-1 (B} g
T/2\\2

2 2
1 u” sin O cos O + u® sin” @
" usin® g 2g

g

| .2
=u cos29+su;lL 0
=g,/1+3cos29

Option (b) is correct.
1. & =R* +u°T"

T

Ball

(uz JQ 9 (2 usin 45° )2
=| — +u P—
g g

4

2t
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12.

13.

14.

Mechanics-1

2
i=% 3-3" B _903m
g 10

Option (b) is correct.

At maximum height
d _,
dt

ie., i(mt -£)=0
dt

or 10-2t=0

or t=5s

. Maximum height attained = 10(5) — 52
=25m

Option (d) is correct.

u? ) .
R= 723[s1n (20 + B) + sin B]

gcos

u

B

As o =0 (according to question)
2

R= [2sin B]

gcos® P
_ (50)® x 2sin 30°
10 x cos? 30°
1000
=——m
3
Option (b) is correct.

First particle :

Hopp =102m
2 -2
u sin OC=102
28
102 2
= W2 =102X28 ac - T 600l
sin” 60° 3

Second particle :

Range of the second particle will be equal

to that of particle

15.

u?sin 20 _ u® sin 20

if,
g g
sin 2¢ = sin 3o
20=m - 20
T
or =——-0
¢ 2
T T_T_gpe
2 3 6

.. Maximum height attained by second
particle

_uzsian)

Sl

_102x2g _ sin®30°

~ sin? 60° 8 2g

=102><1/4=34m
3/4

Option (d) is correct.

1
s:ut+fat2
2

(=70) = (50sin 30°) £ + %(—10) 2

or 5t> — 25t —70=0
or 2 -5t-14=0
t-7(t+2=0

t=Ts

(-2 s not possible)

Option (c) is correct.

16. Initial separation

==

53° \\\T
} X
f R 57>
x=R+5T
=(@cosa) T +5T
=T[(ucoso) + 5]
= 2usin o [(wcos ) + 5]
4

2%x80x = 3
:5[(80><)+5:|:256m
10 5

Option (d) is correct.
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JEE Corner

Assertion and Reason

1. Assertion is wrong while the explanation
as given in reason is correct.
.. Option (d) is correct.
2. Assertion and Reason both are correct.
both carry the same meaning.
Option (a) is correct.
2 i 2
3. H= uszlj [H = maximum height]
g
. 2
_8 2usino _8 2
8 g 8
ie., H « T? (Reason)

». H will become four times if T is made
two times.

Thus, assertion is correct and also reason
is the correct explanation of the assertion.

Option (a) is correct.
- 2 -
4. Reason is correct as A-B =0 when A and

B are perpendicular to each other.

~
AN
’ S

In the case mentioned V is perpendicular
to u only at £ = T and not at any time ¢.

Option (b) is correct.

[Note : v will never be perpendicular to u
if angle of projection is less than 45°.]

1
5. x=ut+ Eaxt2

and yzéayt2
Thus, x=u, 2—y+1c7tx2—y
a, 2 y
or = kY + Ry
or (x - k)’ =Ky
or 2+ Ry -2ky - ky=0
or Ky -Ch+kH)y=0
- —
Vo — V3
bb—1

_(W+at)-(u+at)
-4

=a (which is a constant quantity in

projectile motion).

.. Assertion is correct and the reason for
this also correct, as explained.

Thus, option (a) is correct.

. Let initial velocity of A =u ,

Initial velocity of B=uy

B is projected at an angle o with
horizontal.

For time (T,) taken by A to return to the
point of projection :
(- uA) =(+ uA) + (_g) TA

N T, =24 _4(s)
g

Time taken by B to reach ground

2upsino

T, = =4 (s)

(- Ty =T, given)
"~ upsino =2g

Height attained by B
_ u% sin® o
28

H
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_(2g)
28

=20m
.. Assertion is correct.

Reason for this incomplete as then T, will
not be equal to T.

Thus, option (c) is correct.
2
8. H=%v
28
H :H,=4H:H
2 2
Uiv . %av _y.q

ie., — =
2g 2
or Uy Vyy =2:1 ...(d)
R= 2uyuy
g
For R, =R,
Uy Uy = Uy oy
Y _ Yy
Ubun tug
g 1 . . .
or —L = [Using relation (i)]
Uy 2

.. Assertion is correct.

Objective Questions (Level 2)
Single Correct Option

1. s:ut+1at‘2
2

R
16.8 m Q
4.8m
(i Y
(0] D
. 1 9
=(usin0)t + 5(—gt)
=24sin0 -7 x2
For6=30°: s=4.8m

10.

Reason is correct as the given relation
under heading reason leads to

Range =v,; x Dy

.. Option (a) is correct.

. Assertion is incorrect as it is the velocity

which would decrease by 10 m/s in the
downward direction.

Acceleration is nothing but rate of change
of velocity written against reason is
correct.

.. Option (d) is correct.

Using law of conservation of mechanical
energy

1mv2 + mgh = 1mu2
2 2

v=yJu’ -2gh

Thus, assertion is correct.

If the particle is projected with vertical
component of velocity as u, the vertical
component of velocity of the particle at

height A would be Ju?v —2gh is correct as

written against reason but it is not the
correct explanation of the assertion as
nothing is given regarding the change in
the horizontal component of velocity.

Time for attaining maximum height

_usin®
g

=1s
.. Above displacement is for point Q.
For6=90°: $s=16.8m
For6=30°: OD=(ucos0)t

=(20c0s30°)1x 2
=20.8
QR = /20.8? +(16.8 - 4.8)°
=24 m

Option (c) is correct.



1 d&
h=—g.%
2 g u?
2
- d2 _ 2u“h
8
Option (b) is correct.
2
R=—""[sin (20 +B) +sin p]
gcos’ B
Substitutingv = 10 m/s
g =10m/s?
o+ B =90°
and B=30°
2
= (l#g[sin (90° +60°) + sin 30° ]
10cos” 30°

10 [1 1] 40
=—|—4—|=—
(§ ) 2 2|73

4
Option (c) is correct.

1 X
.y=xtan6--g——+—— ——
Y guzsinecose

Slope
X —
d 1 2x
Y _tane - 59 A
dx 2 u” sinBcos O
Slope T = Time of flight
tan 6
T2 T
0 \j t—
I
I
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Slope of trajectory = tan 6 — %
u” sinOcos O

Substituting x = (ucos 0) ¢

ﬂ=tan6— 2(ucose)t
dx u” sin®cos O
=tan6 —
usin®

Option (a) is correct.

y = px*
dy g g dx
dt dt
A’y &?x  (dxY
and =2 |x—5 +|—
T { dt® (dt)
2 2
or oa=2B|x d—g + (dx)
dt dt
d’x
Now, as — =0
¢’
(acceleration being along y-axis only)
di_ [a
dt 2B

Option (d) is correct.

. As the projectile hits the inclined plane

horizontally

2
PQ:Hmax_i

u? sin o.cos o

and oQ =

.. Range on inclined plane

R’ = /(PQ)* +(0Q)*

2 2
_ (uz sin? (x) + (uz sin o, cos ocj
28 g

u? [sinto .9 2
=— + sin“ orcos” o
g 4

S
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W [9 3
= — [— 4+ —
g V64 16
_ U2l

88

Option (d) is correct.
7. Let the projectile hits the inclined plane at

P at time ¢
v=103 m/s u=103m/s
ie,v=u
oo e ~
B ¢ :
R

I
I
I
I
v
I

Q

1
je———— (U COS ) { —— |
! 1

vt

PQ=(usina) — %th

Further, QR =vt-(ucosa)t

and tanf = e
QR

ie., OQtanp = PQ

tlv —cosaltan B =|:usin(x—%gt]t
or 10[1- cos60°]tan 30°
= [IOSin 60° — % x 10 % t:|
5

or ﬁ:S\E—&
1
or t=+3 - —
NE)

_2

NE)

8. 2 +2y+2=x
9y W oy _ dx

dt dt dt
dy dx
2y +2) 2 ="
o @YD
dx
—=10(y +1
or 7 (y+1
2
or d—f = 10(dy)
dt dt
=50m/s?

10.

Acceleration of the particle
_dx
dt*
=50 m/s? [as % = constant]

tano =tan 6 + tan ¢

RI2 RI2

=tan0+tan06=2tan0
ot 122

Option (c) is correct.

At any time ¢,

20V3 m/s
20 m/s

60° 30°
20V3m

Horizontal distance between particles
x =203 - (10v3 +103) ¢
=20V3(1-1)

Vertical distance between particles at
time ¢

y=3B0-10)¢=20¢
Distance between particles at time ¢
D= x* +y*
or D? =[2043(1 - OF +[20¢F
= 400[3(1 - 1?1+ 400#
For D to minimum

ab _,
dt
3x2(1-H(-1)+2t=0
or 6t-6+2t=0
. 3
i.e., t=—s
4
2 2
~ D2, =400 3(1— §) +400 (ﬁ)
4 4
=75+75%x3
= D, =10/3 m

Option (b) is correct.



11. Let time of flight = T

As, horizontal component of the velocity of
the particle will not change

ucos (90° — o) =vcos (90° — B)
or usino =vsinf3 .1

Using v=wu+at for the horizontal
component of velocity

(—vcosP) =(+ucosa) +(-g) T

= gT =ucoso +vcosf
1 COS O + U COS .
or T:—[3 ...(i1)
g

Now, as o =B (=30°),u =v from Eq. (i)

More than One Correct Options
1. Two particles projected at angles o and B
with same speed (=u) will have same
range if
o+ B =90°
Option (a) is correct.
R 21 sin o.cos o
g
h; (maximum height attained by first)
_ u? sin® o
= T
hy, (maximum height attained by second)
_u’sin®P
= T
m _ u? sinz(xsin[i
8
B u” sin o.sin (90° — o)
= %
_u’sinocoso R
B 2g T4

Option (b) is correct.

12.

Projectile Motion 69

Substituting v =u and a=p=30° in Eq.
(i)
_ucos 30° +ucos 30°

g
_ 2ucos 30°

T

g
W
g
Option (b) is correct.
2 .
PQ- 2u” sin 6cos 0

247 sin (90° — o) cos (90° — o)
g
¥’ sin o
a=
g

or W’ =2ag (aso =30°)
or u?=2x4.9x%9.8
or ©u=9.8m/s
Option (a) is correct.

or2a cos o =

or

t; (time of flight of first) = Zusino

2usinf

I, (time of flight of second) =

Lt sino sin o,

. = = =tano
t, sinf  sin(90° - o)

Option (c) is correct.
Also, Iy _sino_
hy, sinf

Option (d) is correct.

Horizontal displacement in time ¢ (Time of
flight)
P
. \
I
— I <
' ! % .
Wind — l LN,
7 a = constant
— 7 %
—a=g : \\/)/E’/
1 \ @
I

\
L g
R

ac:lon,‘2
2

...
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Vertical displacement in time ¢

1 5 ..
=_gt ...(i1)
y 2g

y_8

x a
or y = constant x [as a is constant]
Option (a) is correct.

Substituting y = 49 m in Eqs. (ii)

49=%><9.8><t2
= t=+10=3.16s

PR> PR(=40m)
Option (d) is correct.

As there will be no change in the
horizontal component of the velocity of the
particle

wcos ¢ =vcos O

or wcos (90° —0) =vcos O
or wsin® =vcosO
or w=vcosO

Option (b) is correct.
Option (a) is incorrect.
Vertical velocity of particle at @
=wsin ¢
= wsin (90° - 6)
=wcos0
Using,v =u + at
(—wcos0) =(+vsin®) +(—g) T
[where T =time from P to Q]

= gT =vsin6 + wcos O
=vsin 0 +vcotbcosO
. cos2 0
=vsin@+v-—
sin 6
=vcosecO
t_vcosece

g

Option (c) is correct.
Option (d) is incorrect.

4. v=101+10j

If 6 be the angle of projection

tan6 = % = E =1
v, 10
ie., 0 =45°

Option (a) correct.

Using relation, s = ut + %at2

(-15)=10¢+ %(—10) £

ie., 2-2t-3=0
or t-3)t+1=0
t=3s

Option (b) is incorrect.
Horizontal range of particle
= Ux -t
=10x3=30m
Option (c) is incorrect.
Maximum height of projectile from ground

=H+15
u?sin? 0
==+

2g
2

=v—y+15
28

_ (10
2x10
=20m
Option (d) is correct.

15

+15

. Average velocity between any two points

can’t remain constant as in projectile
motion velocity changes both in
magnitude and direction.

Option (a) is incorrect.
Similarly option (b) is also incorrect.



In projectile motion
a = constant

d

av _ constant
dt

N

Option (c) is correct.
ey _
ar
Option (d) is correct.

6. (+h)=(+usino)t + %(—g)tz

also

f=t1
v 4 Bi=t,
Lo
o
40 m
> 20m |-
= gt> —Qusina) ¢t + 2k =0 ()
2usin o 2h
bty =——— ht, = —
g g
(ty -t = + ) — 44t
_4u2sin2(x_4.%
g g
P 8(H - h)
4B g
Match the Columns
1. (a) Att=2s
2(=1s)
¢s1 10mi ~_ 2
I ¢1(att=1s) att=2s
T 10 m/s
S, 30m
81182183
+1(att=2s) =1:3:5
S3 50m

horizontal distance between 1 and 2
=horizontal displacement of 2
=10x1=10m

s(a)— (p)

Projectile Motion 71

[wWhere H = Maximum height]

8(H -15)
= 2= |—————
10
. H=20m

Option (b) is correct.
2 i 2

ie., e 9 _90
28

usino =.,/40g

=20m/s

Option (c) is correct.
(ucosa) typ =40
= ucos o = 40
2
=20m/s
Option (d) is correct.
Substituting values of g, usino and A in
Eq. (1)
10£* — 40t +30=0
ie., 2 —4t+3=0
o t=1or3
t=1sfor A and ¢t =3 s for B.
Option (a) is correct.

(b) Vertical distance between the two
att=2s=30m
s (b)— (s)
(c) Relative horizontal component of
velocity

=10-0=10m/s
s (e)—> (p)

(d) Relative vertical component of velocity
(att=25s)

= Velocityof 1 att=2s
—Vertical velocity of 2 at t =2

=Velocity of 1 at ¢ =2s
— Velocityof 1att=1s

=28)-(1g)=g
=10m/s
(d) > (p).
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2. Given, H =20m

2 .2
u'sin"o _ 50
28
usino =20
s(d) = (s) ‘
Time of flight = 251 % _ 4 ¢
(a)— (s)
H =§ (given)
u?sin® o _ 12u2 sin o.cos o
28 2 g
- usino _,
uCcos o,
= (b)— (q) .
ucos o = usmo _ 10m/s
s(e)—= (1)
2 L o
3 u”sin (2x 15 )=10
28
2
Y —20m
28
= R . =20m
(a)— (@)
w2

(b) Maximum height = 1o =10m
g

~ ()= (p)
(c) Range at (45° + 6) = Range at (45° —0)
.. Range at 75° = Range at 15°
=10m (given)
©)— (p)

2 .. 2 o
(d) Height at 30° = % S 30°

so(d) = (s) '
4 )T = 2usin o

_2uy
8

~ On increasing u, to two times the T
(time) of flight will also become two times

ie., (a)—> (q).
2 .2 2
(b H = L5070 _ (ul )

2¢ (2
H_ .. will become 4 times.
= (b) = (r)
(©R = 2@, ) )

R will become two times

()= (@)
(d) Angle of projection with horizontal
tan o, = YL ew)
Y
_2uy
Y
=2tano
Oy = tan (2tan o) # 20
(D) —> (s)

. (@ u(at 0)=(ucosO) i+ wsin®)j

v (at A) = (ucos0)1

| Change in velocity between A & B|

=usin®
~(a)—(q)
(b) | Average velocity between 0 and A |
%
_ [OA]
T/2
2
H? + (RJ
_ 2
T/2
2 . 2.2 . 2
u” sin“ 0 N 1 2usin Ocos 0
28 4 g
- usin 0
g

:g,/1+300s29

s (b) > (s)



(c) Velocity at B
‘73 = (ucos 0) i- (usin6)
|‘73 —ul =2usin®
Thus, (c) — (s).
(d) | Average velocity between 0 and B|

_ Range
Time of flight
(ucos0) T
=———=ucosH
T

~(d)— (p).
. (a) Horizontal displacement of (1) at#=2s

Y \: Izo?
< (2)
—201

30]

M 301
Sz =30im/s x2 s
=+60im
Horizontal displacement of (2) at ¢ =2s
Somr =130im +(-20im /s)(1s)
=110im
Horizontal displacement of (2) w.r.t. (1)
=(1101-601)m =50im

s(a)—(r)

(b) Vertical displacement of (1) att=2s

Sy =30jm/s x 2s +%(— 10jm /s?) (2s)?
=60jm —20jm
=40jm

Vertical displacement of (2) att=2s

Sov =75Fm +(20jm /s) (1s)

+%(—103m/s2)(16)2

=90jm

Projectile Motion 73

.. Vertical displacement of (2) w.r.t. (1),
=(90i-40j) m

=50jm
~(b)—> (r)
(c) Horizontal velocity of (1) att=2s
Vi =301

Horizontal velocity of (2) at ¢t =2s
Vor =-201
Relative horizontal component of the
velocity of (2) w.r.t. 1
3RH = ‘721{ - ?IIH
=(-201) - (+301)
=-501im/s
< IVra|=50m/s

Thus, (¢) — (r)
(d) Vertical velocity of (1) at¢=2s

vV, =30]+(-10)(2)
=10j
Vertical velocity of (2) att=2s
vV, =20§+(-10) @)
=10j

Relative vertical component of the velocity
of 2y wrt. 1

Vo =(10) (105 =0

- IVRVI=0m/s
Thus (d) — (s)
2u
. T=—"2 . Tocuy
g
w2
H=_- . Heu,
2g
H,=Hp,=H, T,=Tz =T,

Further, R=u,T
T is same. But
R, <Rz <R,

SUxy <Uxp < Uxc



D Laws of Motion

Introductory Exercise 5.1

1. N = Normal force on cylinder by plank

R

- Force acting on cylinder

R = Normal force on cylinder by ground,
[ =Force of friction by ground by cylinder,
w = Weight of cylinder.

NcosO=f
w+ Nsin6=R,
N(R) = Reaction to N,

(Force acting on
plank)

f P Ground
i.e.,normal force on plank by cylinder
R’ = Normal force on plank by ground,
w = Weight of plank,
f’ = frictional force on plank by ground.

Resultant of f” and R’, N(R) and w pass
through point O.

R = Normal force on sphere A by left wall,
N = Normal force on sphere A by ground,
N’ = Normal force on sphere A by sphere B,
w, = Weight of sphere A.
N’cos0=R
N’'sin6+w, =N

N (R)

0%’]0 R Force of sphere B
e

7]

R’ = Normal force on sphere B by right
wall,
N(R) = Reaction to N i.e. normal force on
sphere B by sphere A,
wg = Weight of sphere B,

R’, N(R) and wy pass through point O, the
centre sphere B.

3. N = Normal force on sphere by wall,

Cc




w = Weight of sphere,
T = Tension in string.

. Component of 1?‘1

along x-axis : 4 cos 30° = 24/3 N
along y-axis : 4sin30° =2 N
Component of 15;

along x-axis : 4cos 120°=—- 2N
along y-axis : 4sin 120° = 23 N
Component of f‘S

along x-axis : 6 cos 270°=0N
along y-axis :6sin270°=-6N
Component of 13;

along x-axis : 4 cos0° =4 N
along y-axis : 4sin0°=0N

. Taking moment about point A

r T sin 30°
A l AB=]
w
AB=1
(Tsin30°)l:wé
= T=w
. See figure (answer to question no. 3)
. OA
sinf=————
OB + BC
_a _1
a+a 2
Tcos30°=w
or T£=w
2
2
or T=—w
NE)

Laws of Motion 75

. Rcos30° +3 = f cos60°

ie., 7R\/§ +3= r
2 2
or RJ3 +6=f ...(d)
and Rsin 30° + fsin 60° =10
ie., R1+f£:10
2 2
or R+ 3 =20 ..(ii)

Substituting the value of f from Eq. (i) in
Eq. (i)
R +(RV3 +6)¥3 =20

4R + 643 =20
= R:M:z;}N
f=(24)V3 +6
=10.16 N

. At point B (instantaneous vertical

acceleration only)
N

A

7

mg

B

. mg — T'sin 45° = ma ...()
At point A (instantaneous horizontal
acceleration only)
. T cos 45° = ma ...(i1)
Combining Egs. (i) and (ii)
mg — ma = ma
g

= a==
2
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Introductory Exercise 5.2

1. Acceleration of system

o = (H120+(=50
1+4+2
=10m/s?

Let normal force between 1 kg block and
4 kg block = F}

Net force on 1 kg block =120 - N

120- F
a=——=
1
or 10=120-F
ie., F, =110N
Net force on 2 kg block =2x a
=2x10
=20N

. As, 4gsin 30° > 2g sin 30°

The normal force between the two blocks
will be zero.

. NR)="&
(R) n

mg
N(R)=N

N="¢

4

As lift is moving downward with
acceleration a, the pseudo force on A will
be ma acting in the upward direction.

For the block to be at rest w.r.t. lift.

N +ma=mg

or m—g+ma=mg
4
= a—ﬁg
4

Angle made by the string with the normal
to the ceiling =6 = 30°

As the train is moving with constant
velocity no pseudo force will act on the
plumb-bob.

Tension in spring = mg
=1x10
=10N

5. Pseudo force (= ma) on plumb-bob will be

as shown in figure

T cos ¢ = mg + ma cos (90° — 6)
ie., T cos ¢ = mg + masin @ .1
and T sin ¢ = ma cos 6
Squaring and adding Eqgs. (i) and (ii),
T? = m%2g? + m?a® sin® 0 + 2m2ag sin 6
2

+m2a® cos? 0 ...(iii)
T? = m?g® + m*a® + m2ag (-6=30°)
2
2 2 2 8 2 8 g
=m +m"==+m"=- (ra=%)
g 4 2 g 2
K m2g?
4
or T = mgT
2
=5J7N
Dividing Eq. (i) by Eq. (ii),
ma cos 0
tan ¢ =

mg + masin 0
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_ acos® 6 A B
g +asin@ 2kg 1kg —>=F=8N
cos 0 8
— 058 _ _ 2
2+sin6 a—2+1+1—2m/s
_ cos30° B
2+ sin 30° 2kg A 1kg =8N
J3 A T2 Ty
5 Net force on 1 kg mass =8 - T,
ie., ¢=tan_1|:\/§] 8-T,=1x2
5 = T, =6N

Net force on 1 kg block = T}
: T1=2a=2x2=4N

Introductory Exercise 5.3
1. F=2gsin30°=g

Ty ‘
T1 T T4
T4
mg
T
4g [‘—ﬂ
T 3g
29 Ttlj
For the system to remain at rest 19
T,=2g (@) T, =4g
T,+F=T ...(ii) and T,=1g
or T,+g=T .. Jii (a)] ] £_4
T, =mg ... (iii) )
Substituting the values of 7T} and 7, from 3. 2¢-T=2a
Eqgs. (iii) and (i) in Eq. [ii(a)] -
28 +g=mg
ie., m =3 kg i
T T

2. As net downward force on the system is
zero, the system will be in equilibrium

-

Pl
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T-1g=1a
Adding above two equations
1lg =3a

Velocity of 1kg block 1 section after the
system is set in motion

w_(g/3)° _¢g

T2 2g

18
Downward displacement of 2 kg block

2
ol (s) o8
2 2 3 18

As the two are just equal, the string will
again become taut after time 3 s.

v=0+at
=§.1 4. F+lg-T=1a ()
-8 (upward)
3 —
On stopping 2 kg, the block of 1kg will go i
upwards with retardation g. Time (') T T
taken by the 1kg block to attain zero A T
velocity will be given by the equation. ¢
g ,
0=[=|+(-2)t T
(3J -8 Fyl9 E
, 1
= t' = 3 S 29
If the 2 kg block is stopped just for a d T—905=9 .
moment (time being much-much less than leid' Eas. () and g @ -+ (iD)
— g), it will also start falling down when ing Egs. (i) and (i),
3 F-1g=3a
the stopping time ends. 20-10 10
1 a= ="—"ms
In ¢ (: gs) time upward displacement of 3
1 kg block
Introductory Exercise 5.4
1. 2T =2xa .. .. Acceleration of 1 kg block
a 2a = 28 _ @ms"2
NS 3
T T
2 kg | 27 2T T T Tension in the string 10
T T-8_-2N
- 3 3
) 2. Mg - T =Ma ...(d)
¢ @ T T
1 T
g ’_ )
and 1g - T=2a ...(ii) <& T
Solving Egs. (i) and (ii), ¢a
_8
a=— mg

3
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T =Ma ...(i) or T=4(g+§)
Solving Egs. (i) and (ii) 5

48 _24s8
2 5
and T =Mg Substituting value of above value of T in
3. Block of mass M will be at rest if Eq. (),
—_ 24
M=""
5
>:‘\\ - = 48 kg
T T 4, T =m;-2a
T 2
M
[ T T2 772 5
Mg 24 T T
s I:I’ T2 T2 _’_‘—| |"F
T2 T2
T2 ie., T=4ma ...(@)
a¢ T/2 fa F-T=mya ...(i)
3g or F - 4mia =mya
2 or a= L
9 4my + my
T =Mg ...(@) 3 0.40
For the motion of block of mass 3 kg " (4x0.3)+0.2
3g —£=3a ...(ii) _0.40
2 14
For the motion of block of mass 2 kg )
T =—ms~
Adding Eqgs. (ii) and (iii), T=4mua 9
g= 5; =4x0.3 x -
i.e., a==
Substituting above value of a in Eq. (iii), 19

T
§=2(g+a) 35
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Introductory Exercise 5.5

1. Block on triangular block will not slip if
mjacos 0 4 N

Mg
myacos 0 =m,;gsin®
ie., a=gtan6 (D)
N =mygcos®+myasin® ...(ii)

For the movement of triangular block
T - Nsin6=mya ...(iii)
For the movement of the block of mass M
Mg - T =Ma

Adding Egs. (iii) and (iv),

Mg — Nsinb=(my +M)a
Substituting the value of N from Eq. (ii) in
the above equation

...(1iv)

Mg — (m,g cos 6 + mya sin 6) sin 6
=(mya + Ma)
i.e., M(g —a)=m g cosOsin6
+(my + m, sin®0) a
Substituting value of a from Eq. (i) in the
above equation,
M(1-tan®) = m;cos0sin 6
+(my + m, sin® 0) tan 0
m, cos Bsin O + (my + m, sin® 6) tan @
(1-tan®)
Substituting 8 =30°, m; = 1kg and
my =4 kg
_ (cos 30°sin 30°+4 + sin” 30°) tan 30°
- (1-tan30°)
_0.443 +(4.25)(0.577)
- 0.423
=6.82kg

M=

M

2.

(a) Using s = s) +ut + %at2

Displacement of block at time ¢ relative to
car would be

]
a=—5i ms2 a=>5ims
S u=10ims‘1 v=0

[ F>(att=0)
O‘,TO'O @ Car

x =X, +10t+%(—5)t2

or x=xp+10t - 2.5¢

Velocity of block at time ¢ (relative to car)
will be

_dx

v =10-5¢
dt

(b) Time (¢) for the block to arrive at the
original position (i.e., x = x,,) relative to
car

Xy =Xy +10¢ —2.5¢°

= t=4s

(a) In car’s frame position of object at time
t would be given by
In car’s frame

(att=0s)

x =%, +0xt+%(—5)t2

ie. x=xy—2.58 ..()
and z=2z+10t ...(i1)
Velocity of the object at time ¢ would be
dx
vx—a——5t ...(iii)
and v, = @ =10 ...(Av)
dt

(b) In ground frame the position of the
object at time ¢ would be given by



In ground frame

0 X0 Att=
ZoAr-"TTTTT T
2
1
/ u=10k ms™
II
II
x:xo
and z=2,+10¢
Velocity of the object at time ¢ would be
v —@—0
*oodt
and v, =@=10m -1
dt
m =2kg
u=10i ms™'
o XO 1 — _»A
el at =~~~ X[ a=5ims32
! v=0

Normal force on object = mg
Maximum sliding friction = u mg
=0.3x2x10=6N

Deceleration due to friction = g =3 m/s?

Deceleration due to pseudo force =5 m/s?

Laws of Motion 81

.. Net deceleration = (3 + 5) m/s?
=8 m/s?

.. Displacement of object at any time ¢
(relative to car)

x=x, + 10t + %(—8) £

or x=2xy + 10t — 41

Thus, velocity of object at any time ¢

(relative to car)
v, = dx =10-8¢
dt
The object will stop moving relative to car
when
10-8¢t=0i.e.,t=125s
v, =10-8tfor 0<t<1.25s

For block not to slide the frictional force

(f) would be given by
—
f a=3ms2
ma
mg sin 6
0 0=37°

f + macos0=mgsin6

AIEEE Corner

Subjective Questions (Level 1)

1

2
3
4

. FBD is given in the answer.
. FBD is given in the answer.

. FBD is given in the answer.

or f =mgsin® — macos®
=an10X§i—n1x3><é
5 5
_18m _ 9
5 25
T, T,
AtpointP, F,=—Land 7, = L
p ’ 1 \/7? 2 \/7?
Atpoint Q, F, = LandW=-1L
point @, F, NG 72

N, sin30°= Ny
and N, cos30°=W
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6- T2 :
]
45°)
| T,
w
T
—£ =W and
V2 T,
L_p
\/i 1
7. f
40N —»>
ix
N <
PE—
Y 10cm
W=20N
N =40
=20
and fx10=N xx
8. N
I
' T
f
_£30°
w
T + f cos 30° = N sin 30°
N cos30°+fsin30°=W
TxR=fR
9 BT
I |
o 5 72

S

...(@)
...(i)

...(iii)

...()
...(i1)
...(iii)

10.

11.

12,

V3T

V+—=W ...(3)
5 i
T
H== ...(i1)
5 ii
Net moment about O = zero
W><£=@xl ...(ii1)
2 2
(a)a= 100-40 _ 4 2
6+4+10

(b) Net force = ma
F;=18N,F, =12Nand F;, =30 N
(c) N-40=F,, =30

N =170 N.
a:L:@:lm/s2
m; +my +mg 60
(a) Ti=mia=10N
L -Ti=mya
T, -10=20
T, =30N
(b) T; =0.New acceleration
a'—@:12m/s2
50
T, =mya’ =24 N
(a) Ty
a 0.1kg
T 1.9 kg lzg
T -2g=2a
(b) T2
A
2.9kg
a 0.2 kg
T 1.9kg ng
T, —5g =5a



13.

14.

15.

16.

17.

18. x+y=6
y—x=4

19.

(a)a

200-16g

16

b)T1-11g=11a
©71,-9g =9

If the monkey exerts a force F' on the rope
upwards, then same force F transfers to
bananas also. If monkey releases her hold
on rope both monkey and bananas fall
freely under gravity.

Tensionon B=T
Tensionon A =3T
Now in these situations a « T

X, +Xo +2xp = constant.

Differentiating twice w.r.t. time we get the
acceleration relation.

Solving, we get

...(i) -

o
)

x =1m/s?

=7’7g_3g=4m/s2
10
40- Ty =4a
30+T, - T, =3a
T3 -10=1a

a

ix

20.

21.

22.

23.

24.

Laws of Motion 83

a
2

...(4)

a p/777777778
T2 = T1

1

T

T
2T
T4 T
ar
f Jo
Ti=1a i

71 -20=2(a, —a/2)
30-T,=3(a, +a/2)

/////x'a T 2T
L 13
0 2M
s
@Q l
2 Mg

T - Mgsin 30°= Ma
o2Mg —2T=2M%

T =1a
10-T =1a
2T 2T
l B A TZa
L
50 40
50-2T =5a
T — 40 = 4(2a)
(a) N=40N,u, N=24N
F<u,N

o f=20Nandae=0
(b) N=20N,u,N =12N
andp,N =8N

...(i)

...(iii)

(@)
...(ii)

()
...(ii)

...()
...(i1)
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25.

26.

Mechanics-1

F>u,N
f=p,N=8N

and 0&=¥=6m/s2

(c) N=60-20=40N

u,N =8N and
u,N=4N
Since, F cos 45°>u N
f=n,N=4N
20-4
and a-=
6
=§m/s2
3
a=pg=3m/s?
(@v=at
. 6=3tort=2s
1 5
b) s ==at
(b) s 2a

s=1><3><4=6m.
2

f=04x1x10=4N

— a1
f
<« az
2 kg

f<
a; = £ =4 In/52

1

2
(a) Relative motion will stop when

U =Ug
or 2+4t=8-2¢
t=1s

(b) v;=vy=2+4%x1=6m/s

(c) Sy =ugt + %ath

Sy =ugt—%a2t2

27. £ =(060(2(10) = 12N

ay «—
f D S
_>a1
f
1kg
Qs =B=6m/s2
2
andal=E=12m/s2

(a) Relative motion will stop when

v1=U2
or U +aqt =uy + agt
or 3-6t=-18 +12¢
7
t=—s

(b) Common velocity at this instant is
Uy OF Us.

(c) sy =uyt + %a1t2 and

Sy :u2t+%a2t2
28. N=20N

uN=16N

andu,N =12N

Since, W =20 N > u N, friction pu ,N will
act.
20-12
a =

2

=4 m/s?

29. N=20N
uUN =16 N
Block will start moving when
F =uN
or 2t =16
or t=8s.

After 8 s
a_2t—16

2
i.e., a-t graph is a straight line with
positive slope and negative intercept.
30. N=60N,u,N=36N,u,N=24N
Block will start moving when
F=u,N

=t-8




or 4t =36
R t=9s
After 9 s
4t -24 2
a= =—t-4
6 3

31. N=mgcos6=30N
mg sin 30°=30/3 N = 52 N.
u N =18 N and
u,N=12N

(a) F
18 N

52N
F=52-18=34N.

Objective Questions (Level-1)
Single Correct Option

1. azimg_F:g—E
m m
m,>mg
a,>ag

or ball A reaches earlier.
2. a:74g—2g =&

6 3
Now,2g - T :2§
r-%8 _13N
3
3. ! T4
130°
T, '
100 N
RELI
2
T
a_T
9 2
4. T

“—Q

Laws of Motion 85

(b) v F
r e 12N
52N
F+12=52
F=40N
(c) /a
52N

12N

F-52-12=6x4
F=88N

amin g
m
2
_, 3% ¢
m 3
_10g-5¢g g
15 3

T= 2.% = Reading of spring
balance.
o= 2mg sin 30°-mg -0
3m
T=mg

. a;=gsin0—-u gcos 0= gsin 45°—u gcos 45°

ay = gsin 0 = g sin 45°

2s 1
Nowit=,—ortoe—
Va Ja

L_ |%
t ay
g sin 45°
g sin 45°— g cos 45°

or 2=

Solving, we get U = %
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8. F; = mgsin 0+ umg cos 0 14. f =mgsin® (if block is at rest)
F, =mgsin 6 — umg cos 6 15. 2T cos30°=F
Given that F} = 2F, -
9. For equilibrium of block, net force from e0
plane should be equal and opposite of a 30 F
weight.
10. No solution is required.
11. Angle of repose 6 = tan (1) = 30° F
T=—
NE)
_ Tcos 60°
m
> F
# I h 23 m
16. F
0

h=R—Rcose=(1—\/2§)R

12. Net pulling force =15g —-5g =10g = F
Net retarding force =(0.2)(5g) =g =71

_F-f_9
25 25
T1—5g=5a=%g 17.
34
h=%

18.

Tz:?g
L_17
T, 24

)
—1.

Relative to lift, a, = (g + a) sin 6 along the
plane.

2s

a

_ 2L
(g +a)sinb

Now, t =

19.

r 20.

N =mg - Fsin6
UN =(tan ¢) N =(tan ¢p)(mg — F sin 0)
Fcos6=uN
umg =0.2x 4 x10=8 N
Att=2s,F=4N
Since F < umg

Force of friction f =F =4 N

a;=gsin6

Qa9 = gsin® — g cos 0

25 1
t=,—orte«—
Va Ja

L_ %
b Va
1 gsin® —ug cos 6
2 B \/ gsin 0
Net accelaration of man relative to ground
=a+a=2a
T - mg =m (2a)
T=m(g +2a)
a=0

3F =(50+ 25)g = T5g
~F=25g=250N
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21. 4] Ny
1+ uz
4m N2 H
" 5 A 1
fo) 3m
n2 or tanO=p
N1=HN2 I?min= 1 ng M2
N2 = W +
2 2
Net moment about B should be zero. \/1 tH \/1 tu
3 u
Wx—-=N,x4 = mg
2 ! 1+ u2
1
22. Ny _ 5 mg
Ny 25. umg =32N
W 5 T Since .. f=30N
P N 30N> umg
. Normal reaction N =mg=40N
Ny =W =250 (always) . Net contact force = 1/(30)* + (40)>
1 fmaxz 2=75N =50N
Mg - Mg
23. o= 2 =§ 26. 2kg /»0.2
M 2
—>a £ 8kg |—25N
< > < \
< f f \\»
0.5
T = - Mg
——x—xg—?xa—T fmax = (0.5)(8 +2)(10) =50N > 25N
Mg .. Blocks will not move and therefore force
= Y of friction between two blocks = 0.
24. F 27. mgsin6=10><10><%=60N
0

N =mg - Fsin6
Fcos6=pu N =u(mg — F sin 6)

- hmg

cos 0+ sin 6

For F to be minimum, (;—Ig =0

This 60N >30N
.. Force of friction is upwards.

Net contact force is resultant of friction
and normal reaction.

28. In first figure T = F
and in second figure, T = 2F.

29. F=4 (ng)_) upwards
W =2mg — downwards

F=W
a=0
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30.

Mechanics-1

m  —— F=at

Maximum acceleration of upper block due
to friction

m,
maxzﬁzug
m
F_a_ .

2m  2m

JEE Corner

Assertion and Reason

1.

Even if net force = 0, rotational motion can
take place.

No solution is required.

3. a;=gsinB0+ gcos O

ay =gsinf—u gcos0

ﬂ=ﬂase=45° and sin® =cos 6

as l-p
Substituting u = % we have,

a; 1+1/3 2

a 1-1/3 1

There is no force for providing (- 2 i) m/s?
to the block.

. If we increase F;, maximum value of

friction will increase. But if we increase F,
friction acting on the block will increase.

No solution is required.
g =M= Mg Gf my > my)
m; + my

31.

10.
11.

a, = gsin30°= g/2

Qs =gsin60°=§g

Angle between 31 and 32 is 30°.

PN (/2 + (\/3g/2? — 2(g/?)
a, =la; —ag|=
P (~/3g/2) cos 30°

mg-T=ma
T=m(g-a)
_ 2mymyg
(my + my)
Mathematically, we can prove that
mog < T<myg

Similarly if m, > m;, then we can prove
that,

mig<T<myg

If accelerations of both the frames are
same then one frame as observed from
other frame will be inertial.

Further, a frame moving with constant
velocity is inertial.

No solution is required.
No solution is required.

Force of friction is in the direction of
motion.



Objective Questions (Level 2)
Single Correct Option
1' Tmax = Fmax + fmax + ZT,

max

-
A7
T o
N 2T e e
F

.
.

mg

=u(my +mglg +um,g +2um,g8

=u(dmy +mg) g
BUt’ Tmax =Mmax -8
M, . 8=u(dm, +mg)g
ie., M . =u(dm, +mg)

max

=0.3 x[(4 x100) + 70]=81kg

Option (c) is correct.

2. v=8ti-2£]
S dv
a=—-

dt
=81-4¢])

.. Force (pseudo) on sphere
F,=1-(-81+4})
=—8§+43
Gravitational force on sphere
N n
=-mgj)=-10j

.. Net force on sphere

F--8i+4j-10j=-8i-6}

IF|=10N

Option (b) is correct.

Laws of Motion 89

3. N sin 0 will accelerate B towards left.

Let a be the acceleration of B.

Due to acceleration of B towards left
pseudo force equal to ma will act on block,
toward right.

Thus, N + masin®=mgcos0
= N =mgcos®— masin6

Option (b) is correct.

. fa<ug

moa
mqa
- M my; +—N=0
. f,
N=0 f 2
When a is |f; N fo
Zero Zero Zero Zero
et m, a1 Zero my ue
2 2 2
ug m; ug Zero mq Ug
(Not  yet (Attained
attained limiting
limiting value)
value
which is
2um, g)

Now, if a > ug, the block of mass m, would
be just greater like to move towards left
than yg as a then

mya > f, (max)
While the block of mass m; will remain at
rest as then f; has margin to increase.
Thus, m; will apply normal force (N) or m,
and so will do m; on m, to stop its motion
(towards left).
Option (d) is correct.
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5. N + masin6=mgcos0 Fig. 3
N
4/;3 sin @
°Sy ma (pseudo
a ,/ force)

myg — T = myag
The block will fall freely if N =0 and T — m;gsin6 = ma;

ie., ma sin § = mg cos 0 . a;="2 "M sin 6
= a=gcosH my +my
Option (c) is correct. Substituting m; = 4 kg, my =3 kg
6. Speed of A w.r.t.C=v, and 6 =30°
Speed of C w.r.t. a; = 3 g
ground =y, 4+3
Speed of A w.r.t. 3
ground =v; — v, 7 g
Now, speed of B w.r.t. _4-3 g
ground = speed of A is 27443
w.r.t. ground 1
Ug =U; — Uy 7 g
= v — Uy =V 3_42_1
Option (a) is correct. a3=—“2g
7. Fig. 1 41 +3
-m1 T T = 7 g
T o a;>09 =3
T Option (b) is correct.
8. F — foax — T = ma (For lower block)
mzg T T
f —>f
myg — T = myay ‘ E
and a=—"2 ¢ r. T
my+mg -
Fig. 2 T — fax = ma (For upper block)
mig - T = mya N = F -2f, .« =2ma
! > | or F - 2umg =2ma
and T -myg=ma, F
my — my T T or a=—-ug
= a2 = f T 2m
m; + m
! 2 Option (c) is correct.
T ¢ a 9. a,cos(90° -0) =a,
mg i.e., @y sin B = q; [6<0°]

mg Option (b) is correct.



10. Had 6 been 90°.

V2

w

For every x displacement of wedge (w) the
vertical fall in mass would have been 2x as
the string passes through pulley B.

ie., vy =20y

For the situation given the speed of mass
would thus be

v; =2v, cos (90° — 6)

v =20, sin 0

Option (c) is correct.

ie.,

11. The cylinder will start rising up the
inclined plane if

(Pseudo
furce)

macos 0> mgsin 0
ie., a>gtan®
" Qmin = & tan® [cylinder will be at the
point of rising up the inclined plane]

12. At the position of maximum deflection the
net acceleration of bob (towards its mean
position will be)

gsin® —acos0O
as explained in figure.

g cos (90° - 0)
=gsin 6

Laws of Motion 91
M-m

= a=
M+mg

T=m(g+a) e

M+m

M-m
m T
M+m

=mgll+1] mg

{fas m<<M, M —-m=M and Mg
M +m =M}

=2mg

[ M
=m|g+

=mg{1+

.. Tension in the string suspended from
ceiling = 2T = 4mg
Option (a) is correct.

14. For 0° <0< ¢ frictional force (F') = mg sin 6

For 6> ¢ frictional force (F) = mg cos 6
[0 = angle of repose]

For example
1 1

Letu =— tan b = —
S MG

0 =30°

0 F (force of friction) Condition

10° |mgsin10°=0.174 mg
20° |mgsin20°=0.342mg |Increase but not
linearly only

30° |umgcos30°=0.500 mg

40° |umgcos40°=0.442mg |Decrease but not

linearly only
60° |umgcos60°=0.287 mg
90° |Zero

i

F

00—

|
I
I
|
I
I
!
o o 90°

Option (b) is correct.

15. ap =H2lg
m

_kg

2



92

16.

17.

Mechanics-1

o [Am H—55

B — F
umgf £

2m

For no slipping

ay=ag
F—umgzg
m 2
ie., Fzéumg
2
2 F
M_Smg

Slipping will obviously be m, there if u is
greater than above mentioned value
2 F

Mmin = 3 mig
For no slipping.
Option (c) is correct.

F, . (downward) = mg sin 6 + macos 6

ma { >
Aem/’g/;%aeco{e

=m(gsin® + acos 0)
Ser = &SIN0 +acosd

Time (T) required to cover 2L distance
along inclined would be

7o 2L
8eff

B 2L
(gsin6 + a cos 0)

Option (c) is correct.

F,.; on block along incline in the upward

direction
=macosO — mgsind
=m(acosO — gsinb)
Sef =aC0SO— gsin0d

©
9% _<6

.. Time (¢) to move s distance would be

given by

2
s:§gefft

., 2s 2s
e, t= |— =
8eft (acos® — gsin6)

Substituting s =1m,

0 =30°,
a =10v/3 m/s? and g = 10 m/s?
. 2x1
(10J§ x‘/g)_ (10><1)
2 2
1

Option (b) is correct.
18. N+ Zsin30°=w+ 2
2 2

NW/2
W g °
o sin 30 w2

/_@t W cos 30°
2

w

f = frictional force

N=2
4

5w
=uN=pn -—=
fmax =W )

The block will remain stationary if

EcosSO"S“5w
2
or EiSu@
2 2 4
or V3 <5u
or £<p_
g <
NE)

Block will move ifp < =

Option (d) is correct.



19. Fy =2t

| lT Tl | F=15N
fi  w =06 f, 1p=0.5
Att=2s
F=4N
AN =17 T ]
B A 15N

f1 and f, are the frictional forces
(f)max =0.6x1x10

=6N
(f2)max =0.5x2x 10
=10N
Att=2s
Net external force (F, ) on system
=15N-4N
=1IN

As F o > (fDmax + (f2) max, the system will
remain at rest and the values frictional
forces on the blocks will be given

T=4+fiand T=15-f,
4+fi=15-f, ...
fi+/f=11N

Let direction being + ive for Eq. (i)
Option(a) i =—4N, f,==5N

=fi+f=1N  wrong
Option (b) /i =-2N, f, =+5N
=>fi+=3N wrong

Option (¢) f; =0N,f;, =+10 N
=fi+f =10N wrong
Option(d) i =+1N, f, =+10N
=fi+/f,=11N correct.

OR

As the likely movement would be towards
right f; will be at its maximum.

. 2 =10N
= fi=1N

Option (d) is correct.

Laws of Motion | 93

20. 2mgsino — T =2ma

21.

P ToX
T
2m s T
T
. T T M
o =30 > |
and T =ma
2mgsino =3ma
. o= 288in30°_ g
3 3
="
3

Force (R) applied by clamp on pulley
would be

IT=1Tyl=T
’f)l =m?g(cos30°)ﬁ+m?g(sin30°)3

_mg3y mgs
6 6
ITyl= "8 ]

Force by clamp on pulley P

Option (b) is correct.
filmax) =0.3 x4 x10=12N

2kgI I4kgI 16N

f = 0.6 fi U2 = 0.3

f1 and f;, are frictional forces.
fo(max) =0.6x2x10=12N
As, fi(max) + fo(max) < 16 N (F,,)
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22,

23.

24,

Mechanics-1

2kg|T T|4kg| 16N
A f,
The system will remain at rest.
For the equilibrium of 4 kg mass :
16=T+f; ...
As f; will be at its maximum value
fi=12N
T=16-12

= 4N [from Eq. (i)]
Further, for the equilibrium of 2 kg mass.
T=f,
fi=4N
Option (c) is correct.

For the rotational equilibrium of rod
Taking moment about O.

Rxécose=s£sin9
2 2

A s (= ma)
= —>a
ma go ]R( mg)
mg' o
or mg cos 0 = ma sin 6
= a = gcoth
Option (d) is correct.
v=2¢
0= _ D op)_ 4y
dt dt
Att=1s,a =4ms™2
As a=W.g
us = g = i = 0_4
g 10

Option (c) is correct.

Just at the position of tipping off, R; will
be zero.

R1 R2
AP0 8
-1 m-;T\ T

10g X
<1 m—=>

.. Taking moment about point @
(10g)(4) = (80g) (x)

25.

26.

1
x=-m
2
Option (a) is correct.
N =masin6 + mgcos6 ...(d)

Now, as the block does not slide
macos 0 =mgsin 0
ie., a=gtan0
Substituting the found value of @ in Eq. (i)
N =m(g tan 0)sin © + mg cos 0
=mg {SmQ% + cos 6} =mg secO
cos

When, the block stops a =0, the value of
normal force will be

N’ =mgcos6
N’ mgcos®
N mgsecH

Option (c) is correct.
For the rotational equilibrium of the block

Taking moment about O.

a

Nx=f—

f2
or (mg cos 0) x = (mg sin 6)%
or x=2tane
2
or ¥ _tan®
al2

or tan ¢ = tan 0
or 60=0



Thus, the normal force (N) will pass
through point A.

Option (a) is correct.

[Note : The cube will be just at the point of

tilting (about point A). The cube will tilt if 0 is
made greater than 45°].

27. For the rotational equilibrium of the cube
Moment of couple (N, mg)

= Moment of couple (F, f)

. mgx=Fa N (= mg) mg
mg F(E==7)
ormgx=-—2"-a A 3
X
a
e, x=2 ’* ¥
3 f=F *mg

Option (b) is correct.
28. Taking moment about point O.
Ny Ny

T<*l/6—>

mg
[ 1 [ 1
N =-—-—|= = -
1(2 4) 22 6)
l l
N,— =N, —
1y 23
N;:N,=4:3
Option (c) is correct.
29. E——
N
! T
I
|
ma SN
Y
mg

(T / \2) = ma — Box

ma mg .
— = —2 — Pendulum with
22
respect to
box
ma mg
2ma + —=—72=
22

a=g/3

Laws of Motion | 95

30. Nsin®=mgay ...(1)

—2
N 9ms

Nsn6

N
p=37°B

a,=agtan® ...(i1)
= Nsin® =my %A
tan 6
—_ Ml
sin®tan©O
. Force on rod by wedge
an a, = [aa|
A ag = |as|
—
ag
N cos 6 = mga , cos 0
sin®tan0
_Mpay
tan? 0
10x9 5
==X 160N 3
n A
4 4

Option (c) is correct.

31. Net downward force on ring = mg — | ma

=m(g —pa)
T f=uN
<A =uma a=4ms2
N=ma] L=1m
mg
e =8 ~Ma
2L
g
Setr

[ aL
\g-na

B 2x1
_V10—®5x4)

=-=0.5s

DO |
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32. The direction of the normal reactions
between any one hemisphere and the
sphere will be along the centres of the two.
The three centres of the hemisphere and
that of sphere will form a tetrehadron of
edge equal to 2R.

In figure, C;, C,; and C; are the centres of
the hemispheres and C is the centre of the
sphere

0102 = 0203 = C3CI

£C0C, =90°
2R
C0=—
HNE]
cos 0 = &0
cC
_2R/\3
2R
_1
V3
¢ is the angle which any N makes with
vertical
6=90°-0

sin ¢ =cos 6 =

V3
ﬁ 1
cos O = i - 2
V3
For the vertical equilibrium of the sphere.
3N cos ¢ =mg

2
or 3N X —==m,
NCR
N="%

2.3

Option (b) is correct.

or

33. T - Mg = Ma

34.

*T
%%ﬁ%

(500 + 80n )g

ie., T=M(g+a)
2x10*>M (g +a)

or 2 x 10* > (500 + 80n)(10 + 2)
or 14.58>n

or n=14

Option (b) is correct.

[Note : Tension in lift cable will increase
when the lift is accelerated upwards].

Normal reaction between the surface and
the particle will be zero throughout the
motion if the path of the particle is that of
a projectile motion (particle is free from
surface).

(vsin ¢)? = (usin®)? +2(-g) h

vsin ¢ = \/u? sin® 6 — 2gh

= J(20%(sin? 60°)* —2-10-5
= (400 x §) - 100
4

=10v2
vcos ¢ =ucos 0 =20cos 60° =10
vsing 1042
vcos ¢ T 10




35.

36.

tan ¢ =2
0= tan~!/2
Option (c) is correct.

Acceleration of block B will be g
throughout its motion while that of block
A will increase from 0to g and as such

ty<tg
Option (b) is correct.

fi(max) =0.5x10x10=50N

100 N
res  Wine
f
u o= 0.25

3
c f2

Here, f; and f; are friction forces.

As, fi(max.)<F,, (100N), block A will
move.
fo (max.)=0.25(10+20)10=75N
As, f; (max.), [driving force for block B]
< f5 (max.), the block will not slop over
block C.
As, there is no friction between block C
and surface below it, both the blocks B and
block C will move together with
acceleration
o= fi (max.)
(mass of B+ C)
50
(20 + 30)

=1ms™

2

R a, =1ms”
Option (c) is correct.

r-B

37. cose=75=é
R 5

38.

39.

Laws of Motion | 97

Velocity along PQ = 20 m/s.
. Velocity along PO =20sin 0

=20 X %: 12 m/s
Velocity of sphere (along vertical
direction)
_ 12 12 15 m/s
cos® 4/5

Option (c) is correct.

String is winding on the motor shaft the
block B will move up. Further, as shaft is
also moving down, B will further.

| +2 m/s
L \
8] 2 mis
Thus,
Velocity of block B

= Velocity of lift + Velocity of winding of
string on shaft + Velocity of moving down
of shaft

g=2m/s +2m/s + 2
m/s

=6 m/s.
Option (d) is correct.
F’’"=F’'cos6
F is resultant of two equal forces F’ and F”’

F =2F’cos (2?4))

\\F ¢/’
A A
~
o700
=2F"'cos ¢
=2F’cos (90° - 0)
=2F’sin 0@ 5

:Z(F 9)sine 4
cos A
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=2F’’tan©
=2(ma’’) tan 0

=2><O3.><§><é=2N
2 3

Option (b) is correct.
40. Velocity of block A =2vcos 37°

v*
=2><10><é
5

=16m/s
Option (d) is correct.

41. As the mass is applying maximum
possible force without moving, the blocks
would at the point of slipping,

. AF—T1-

Tf T -En far T
C

fg

T’ = f, (max) =0.5x 60 x 10=300N
fz (max) = 0.3 x (60 + 60) x 10
=360N
As, T’ < fz (max) the value of T will be

Zero.
Option (d) is correct.
[Note : The value fz will be 300 N and the
values of T and f, will be zero]
42. a,=151+15j|
0 =45°

As,0 <0 the block will leave contact with
B.

Alw

For A to remain in contact with B, B must
accelerate in the — ive x-direction.

15] @ (new)

I
I
|
|
|
|
A
1

157 b

Let acceleration of B= - b1i

Due to this pseudo force with act on A in
the + ive direction.

tan ¢ = 15
15+b
3 15
or —=
4 15+5b
or 45+3b=60
or 3b=-15
or b=-5

. Acceleration of B=—51

Option (d) is correct.
43. For block A not to slide on block B

N B
A <2F

N sin 0 i
6 N

F,.. onblock A =F,, on block B
F - Nsin®= Nsin0 -2F

2N sin 6 =3F
_ 3F
2sin6
=3F (as 6 =30°)
Option (d) is correct.
44. Equation to circle is
X




45.

46.

%% + y* = % (where r = OB) ...(4)

2@+2d—y=0
dt dt
N de__dy
dt dt
=—(-w=+u
=u
Speed of bead B

2 2
-] ()
dt dt
= J@)? +(-u)?
=u2

Option (a) is correct.

At maximum acceleration value of a, the
block would be in a position to move
upwards.

ma cos 0

f = frictional force
N =masin6 + mgcos 6
macos®=f, .. +mgsind
or macosO=u N + mgsin6
or macos6O =y (masin6 + mg cos6)
+mgsin® (.- 0=45°)

or a=u(a+g)+g
or al-W=>0+wg
. 1+p
ie., a=

1-p

Option (b) is correct.

For the beam to have no tendency to
rotate

47.

48.
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-~ ) ——

A 2T
2T
TY YT
T T
Msg
Mog
M,gl, = 2T,
2M .M
or M.gl, =2| 2173
184 (M2+M3g]lz
or M1l1=4: 72?4 3l1
M, + 2
3
M,
fmaX:!‘LkZ\]\/E
N2
Block
N = mg cos 6
Trongh
=uk\/§mgcos6

. ma=mgsin® — \/El.lk mg cos 0
ie.,a=g(sind— \@ukcose)
Option (c) is correct.

fi(max) =0.5x3 x 10

=15N
fo (max) =0.3 x (3 +2) x 10

=15N

F
3kg

f f
2kg
£ f2
1 kg B

fs(max)=0.1x(3+2+1) x10
=6N
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Value of maximum frictional force is
between block 1 kg and the ground.
Increasing from zero when F attains 6 N,
the block of mass 1 kg will be at the point
of slipping over ground below it.

Option (c) is correct.

49. f, (max)=pu(m;+my) g
my
fi u1III——»ﬂ
my B > F (= 30N)
f i)
=0.5(1+210
=15N

ag = Acceleration of both as one
a , = Acceleration of A
fi (max) =p;mg =0.2x1x10

=2N
_F-f,(max) 30-15

=5 m/s?

aAzmzulgzo.leozzm/SQ
1

As, F > f, (max.)
both will move.

Further, as ag>a, both will not
accelerate as one unit.
_F -y (my +my) g —ymug

my

ap

Acceleration of A w.r.t. B
app=a,—Ag
f Uy (my +my) g —p1ymg
my
__Himeg — F +uy(my +my) g +1ymy8
my
_ F-(y+py)(my+my) g

=8 -

my
- 30-(0.2+0.5(1+2)10

Negative sign indicates that the direction
of a 4,5 will be opposite to that of a ,.

50.

51.

52. a

.. Required time ¢ = 2—S= ﬂ=gs
Qag 9/2 3

Option (a) is correct.

F =u,mgcos6—mgsinb
[4 V3 1]

"3 2 2
_mg
6
Option (b) is correct.

Mo =2U,
2 F
&~ N
é\(\e, Us

0 =30°

«9

Force required to slide block

downwards

just

F=u,N-mgsin6
=U,mgcos® - mgsinb
F=mgsin0-u,N
=mgsin6 - ,mg cos 0
Thus, L ,mg cos® — mgsin6
=mgsin6 — | ,mg cos 0
(U +1p) mgcos®=2mgsin®
(ps +”Es)=2tan6

8, _2

27° 3
Option (a) is correct.
_F +mgsin6-u, mgcos0

m
2 8
NE) 2

4
RARREN ]

mg .

6 2

mg

=&

3
Option (d) is correct.

3
m



53.

54.

55.

56.

Minimum force required to start the
motion upward

=mgsin0 + U, mgcosO

Cmg|ls 4 B
I PN

6

Minimum force required to move the block
up the incline with constant speed

=mgsin0 + U, mgcos0

gl 142 5]
[2 33 2 J
=—m,
6 g
2
8 =022 _143m
(9.8)
9.[Z°2
8
Option (c) is correct.
o = 1200g — 1000g
1200
-5
6
T'=1000g Stops
—a'
Speed
= Vmax 25 m
. T=1350g
! 1200 g
1200 g
_ 1350g - 1200g
B 1200
-4
8
For accelerated motion
v?nax =0? + 2as,
2
= Sl — max
2a

57.

58.
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For retarted motion
0> =02, —2a’s,
2
= 82 = 7maf(
2a
Umax [1, 1]
2 la a
2
25 = Jmax [8 + 6]
2 |8 &
50x9.8
vmax AT
14
Option (c) is correct.

mgsin®=170x 10 x 18—5=906.67 N

Sl+82:

=5.92ms™!

fl(max)=0.2><170><10><%=300N

f5 (max) =0.4 x 170 x 10 x %

=600N

)
15

The whole system will accelerate as
mg sin 0 is greater than both f; (max) and
f5 (max).

Total force of friction

= fi (max) + f, (max)

=900N
Option (a) is correct.
mgsin® —300- T = ma ...(d)

and mgsin0+ T = ma ...(11)
Substituting Eq. (i) by Eq. (ii),
2T +300=0
T=-150N
=150N, compressive.

Option (a) is correct.
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More than One Correct Options

1. (a) Normal force between A and B=m,g ie., T=3N
T T

E Option (d) is correct.
- f :2 7

5 2. At point A
2N TT

=1x10=10N
.. Force of limiting friction by B on A (or by
A on B)

=ux10=2N
Total force opposing applied external force
F=2N+T
=2N+2N
=4N

Thus, if F<4N

The block A will remain stationary and so Ticosa =T, cosB + mg ...

block B also. The system will be in and T} sin o = T} sin B ..Gi)

equilibrium.

) . At point B

.. Option (a) is correct. .

B IfFF>4N 5cosP =mg ...(iii)

F-T-2=1a LsinB=F - mg ..(iv)

and T_9-1a .0 Using Eq. (iii) in Eq. (i),

Adding above equation T cos 0. = 2T; cos (V)
F—4=2 ...(i) Dividing Eq. (ii) by Eq. (v),

ie., F=4+2 2tan o = tan 3 ...(vi)

Option (a) is correct.

For F>4N Squaring and adding Eqs. (iii) and (v),
2a+4>4 T? = 4TZ cos? B + TZ sin” B ...(vii)

or a>0 Dividing Eq. (iii) by Eq. (iv)

= T-2>0

ie., T>2N 2 1

.. Option (b) is incorrect.

(c) Block A will move over B only when 1

F>4 N and then the frictional force

between the blocks will be 2 N if a is just 0 tanf =1

[as explained in (b)]. 1 ,

cospfp=—==sinf

Option (c) is correct. V2

(d) If F =6 N using Eq. (ii) Substituting the values of sin 3 and cosf3
20 =6-4 in Eq (Vii)

= a=1m/s? T = 4Tz2 (%) T22 G)

.. Using Eq. (i),

=§T22
T-2=1 2



= V2T, = V5T,
Option (c) is correct.
3. Displacement of block in 4 s

v (ms™)

0 9
0 4 t(s)

S = Area under curve
=16m.
AK =Workdone by frictional force

%x1x42:ux1><10><16

= u= 0.1

Option (a) is correct.

Option (b) is incorrect.

Acceleration, a =tan ¢
=tan (1 — 0)
=—tan®
=—1m/s?

If half rough retardation = 0.5 m/s*

16 = 4t + % (-0.5) ¢

ie., £? —16t+64=0
or t=8s
Option (d) is correct.

Option (c) is incorrect.

4. Let acceleration of wedge (A) = a

ma (Pseudo
force)

N + masin 06 = mgcos 0
N =mgcos0—masin®

Acceleration of
o= Nsin®

M
or Ma =(mgcos® — masin®) sin 0
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or a (M + msin® 6) = mg cos 0 sin 6
__ mgcos0sin®
M +msin®@
_ 0.6 x g x cos 45°sin 45°
~ 1.7+(0.6 x sin? 45°)

i.e.,

Let ap = Acceleration of block B
Net force on B (along inclined plane)
mag = ma cos 0 + mg sin 0
= ag =acosB+ gsin®
Thus, (ag)y, =(acos 6 + g sin 6) cos 6
=acos?0+ gsinOcos 6

1
=(a+g) 2

3g 1
‘(%*g)é
_23g
C 40
(ag)y =(acosB+ gsinB) sin® —a
_23g 3g

40 20
_ 17g

40

5. fi(max.)=um,g

T(pull) =125 N
fy A fy A i

>
B —————

fp

=0.3 x60x10
=180N
F,onB=f (max.)+T
=180+125
=305N
A will remain stationary as
T < f; (max.)
fi=125N

Force of friction acting between A and
B=125N

.. Options (c) and (d) are incorrect.
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fo (max) =y, (my +mpg) g
=0.2(60 + 40) 10
=200N

fi+T=125+125=250N

As, fi + T > f; (max. block B /along the A
as A is stationary) will move towards right
with acceleration.

Option (a) is correct.

_(i+ D)~ f; (max.)
5=

mg+m,
250200
~ 40+60
= 0.5 m/s?
Option (b) is correct.

6. (See solution to Question no. 4).

ma 4-@”1
>3

N =mgcos0— masind
Option (c) is correct and option (d) is
incorrect.
As angle between the directions of @ and

g sin 0 will be less than 90°, acceleration of
block A will be more than g sin .

anet > g Sin O
Option (a) is correct and option (b) is
incorrect.
7. Maximum value of friction.
fi = between A and B
=025x3x10=7.5N
fo =between B and C
=0.256x7x10=175N
f5 = between C and ground
=0.25x15%x10=375 N

10.

11.

12.

(a)
(DN
> 175N <
Fe—— C [>T B |—»71
» 375N <
175N

T=175+75=25N
F=T+375+175=80N

)T -75-175=4a ...

F-T-375-175=8a ...(i)

F=200N ...(iii)

Solving these equations we get,
a=10m/s

Maximum value of friction available to
block is less than the maximum value of
friction available to man.

Nsin0=ma=1x5=5 ...(d)
NcosO=mg=1x10=10 ...(11)
Solving these two equations we get,
tanG:%andN=5\5N.

Let f; = friction between 2 kg and 4 kg

fo = friction between 4 kg and ground
(fi)max =04 x2x10=8 N
(fr))=02x2x10=4N

(fi2)max =06 x6x10=36N

F,,=04x6x10=24 N
(b)Att =158, F =2N<(fi9)max
. Both the blocks are at rest.
~ fi=0
(©)Att=4s,F =8N <(fi2)max
.. Both the blocks are at rest.

f,=F =8N,
a=0,T;,=10N,

T, =20+ T, =30N,

T, =20 N.

foux =0.3x2x10=6N

(a) Att=2s, F =2N
. f=2N
(b)Att=8s, F=8N>6N
. f=6N



(c)Att=10s,F=10Nand f =6N
a=¥=2m/s2

(d) Block will start at 6 s. After that,

net impulse
1

=§><4><(6+10)+2><10—6><6

=16 N-s=mv

U=E=8m/s.
2

13. fx =04%x2x10=8N
(b)Att=3s,F=6N
.. Common acceleration

Match the Columns
1. Acceleration aftert=4s
Att=4s,F=8N

Fmax:8
ie, Uumg=8
= Ms:i: 8 :0_4
mg 2x10
s(a)—> (r)
Att=4s, a=1ms?
t=4s, F=8N
F-u,N=ma
o _F-ma F-ma
e M N mg
:8—(2><1):0‘3
2x10
(b) =(q)

Att=01s, F=0.2N
.. Force of friction (at £=0.1s)=0.2N

(c)— (p)
Att=8s, F=16N
F —
a= W,mg
m
_16-(03x2x10) _,
= 5 =
ie., 2 _o5
10
(d) = (s).

2. At6=0°, dragging force =0
Force of force =0
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a= 6 =1m/s?
6
.. Pseudo force on 2 kg
=2x1=2 N (backward)

14. N =Mg - Fsin6

Fcos®=uN =u(Mg - F sin 0)
__ kMg

_cos6+usin9

For F to be minimum,
dF
“T oo
do

so(a)—> ()
At 0 =90°

Normal force on block by plane will be
zero.

Force of friction =0
(b)— (s)
At6=30°
Angle of repose = tan™' 1
=tan"'(1) = 45°
As 0 < angle of repose, the block will not
slip and thus,

force of friction = mg sin 6
=2x10xsin30°=10N
= (e)— (p)
At6=60°
As 0> angle of repose
Block will accelerate and thus force of
friction=p N
=1x2x10 x cos 60°
=10N
s(d)— (p).

. All contact forces (e.g., force of friction and

normal reaction) are electromagnetic in
nature.

~(a)— (g), (v)
(b) — (), (r).



106 ' Mechanics-1

Nuclear force is the force between
nucleons (neutrons and protons). Between
two protons field force also acts.

4. (a) N, -10=2(+5)

5 m/s?
+ive
10N
Nr
= N,=20N
s@- @
(b) mg (=20N) > F(=15N)
f
Nr
¢20 N
F(=15N)

Block would be slipping in the downward
direction.
Force of friction will be in the upward
direction.
Frictional force =20 - 15
=5N

~ ()= (p)
(c) If F =0, the block will slip downwards
due to mg (=20N)
Limiting friction =u N

=0.4x20

=8N
Minimum value of F' for stopping the block
moving down =20 — 8

=12N

s (0) > (s).
(dF=mg+8
=(2x10)+8 |
—28N } Ymg ¥l frax =8N
() > (s) F

. (a) As block A is stationary, f =10 N

T T T T
B

F= 10N
= 0

f
~(a)— (p)
(b) As block C is stationary force of friction
between C and ground will be zero.
= (b) > (s)
(c) Normal force (N ) on C from ground

N.=Ngz+mgg
=mpg +myg
=(mg+m,)g
=(1+1)10=20N

s (0> (9).
(d) As block A is stationary

T = F (as shown in figure)
=10N
s (@) > (p).

. If friction force (f) is less than the applied

force (F).

= F

Net force on body = F — f

The body will be in motion and thus the

friction will be kinetic.

s (@)— (g

(b) If friction force (f) is equal to the force
applied, the body will be at rest. If the
body is at the point of slipping the
force of force will be limiting too.
Emphasis is being given to the word
“may be” as when a body is moving and
the external force is made just equal to
the frictional force, the body would still
be moving with friction force at its
limiting (kinetic) value.

= (b) = (p), (v)

(c) If object is moving the friction would
be kinetic as explained in (a).

o (c)— (q).

(d) If the object is at rest, then friction
may be static and limiting as
explained in (b).

S (@) - (p), ()



7. (a) Normal force between A and B=m g

fi (max.) =u,;m , g (towards left)

A
i M fi(R)
| B 3 kg I—’F
f, <— M2

| c 5 kg |

=0.2x2x10
=4N
Normal force between B and C
= (mA + mB) g
fo (max) =, (m, + mg) g
=0.1(2+3)x10
=5N
Total friction force on 3 kg block
=f; (max) + f; (max) =4 +5
=9 N towards left
~(@)—(q), (s)
(b) Friction force on 5 kg block
= f5 (R) = f; (max)
=5 N, towards right
2 (b) = (p), (5)
(c) Friction force on 2 kg block due to 3 kg
block = fi(R)
= f; (max)
=4 N, towards right
s (€)= (p), (s)
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(d) Friction force on 3 kg block due to 5 kg
block = f, (max)
=5N, towards left.
sA(d) = (@), ().

8. (a) and (b)

.~ Angle of repose = tan =40.89°

8
2

Now as, angle of incline (30°) < angle
repose (= 40.89°)
The block A and so also B will remain
stationary.
~(a)—> (r),
(b) = ()
(c) Tension (7T) in the string connecting
2 kg mass = mg sin 30°

=2x10x =

2

=10N
~(e)—>(s)
(d) Friction force on 2 kg mass = zero.
s (d) > ().



6 Work, Energy and Power

Introductory Exercise 6.1

=2 = o =2 =2 =
1. Work done by F=F-x 2. Work done by F=F -1
—
N
b S
= [T i T
F > I >
- [ !
%
w -
| —x I
= = -
[F|=F,INI=N,|W|=W
IT|=Tand |xX|=x —IF|Tlcosm
=2
=|F lIxl cos =-Fl
=-Fx Workdonebyﬁ=ﬁ-T
Work done by [N|=N- x L
ork done by IN|=N-x =|N|-|1|cosE=O
2. = T 2
=|N]||x]| cos — N NN
Work done by [W|=W-1
-0 SIW 1T cos[ T+
Work done by\?V -W-x - €08 (5 oc)
:|W||;|COS* =—WlSIIl(X
= - -
0 Work done by [T'|=T-1
= o
Work done by T=T-x =|T|I1lcosP
=T (1% Icos 0 = Tlcosp

=Tx
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N E Substituting value of N from Eq. (ii) in
g L (W — Fsin 45°) = F cos 45°
‘ or l(W—Fi)—Fi
4 V2 V2
F F
or W-— —
2 ﬁ
5F
or —=W
- )
B B
W=mg or ?W—? mg
Work done by force F=F-s
v IFIISIcos 45°= F s
= s | cos =Fs—
V2
ﬁ 1 mgs
BT s
_1.8><10><2
— -2 B 5
lgl=gand|1l]|=1
N =72J
ITI=mg- ng Work done by friction = N's
:§m§ =uINIISlcos 7
4
g =—WNs
Work done by string=T- 1 — _Fecos45°s
=TT |cos =-7.2J
Lo 22
=| 3 m§|Tcosn Work done by gravity=g- s
47 7| ST
3 =IgI-ISIcos§
=——mgl
=0
w N = F cos 45° ... 5. F = mg sin 45°
Fsin45°? F /F, HTZ’“S_1
N | °
b A%, :
| F cos 45° | 1
! |
uN | s | mg sin 459
w : ' mg cos 45°
= - 45°
N=IN|,W=|W| 1
s=Isl,F=IF|,g=Ig| =1x10x5
N +Fsin45°=W .. (i) =52N

Displacement of lift in 1s =2m
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-

Work done by force of friction (F) = F-s
20
=|F|| s |cos 45°

=Fscos45°=5ﬁ-2-i=10Nm

V2

6. Total work-done by spring on both masses

|<— X0

= PE of the spring when stretched by 2x,

7. Work done = Area under the curve
F(N)

|
N

|
N

Aa

h

w
b

B

x (m)

>
N
N

———————————— L—10

:A1+A2 +A3+A4

20 (220

2
[2 X 10]
+
2

=30Nm

Introductory Exercise 6.2

1 2
==k(2x,)
2 0
=2k}
.. Work done by spring on each mass
2 2
_ k2x0 _ kx(z)
_ -1
1. =20$=—10ms"2
2s

F=ma=2kgx—-10ms2=-20N
s = Area under curve
= % x 25 x 20ms !

=20m
.. Work done = F s =(-20N) (20 m)
=—-400Nm
2. According to A (inertial frame)

)
S

Acceleration of P=a

l—»a

Force on P =ma
Work done over s displacement = mas

2

Now, v? =u? + 2as

=2as Cru=0)
- Gain in KE =%mv2 =%m2as = mas

AK =W (Work -Energy theorem)

E —a

According to B (non-inertial frame)

work done
= Work done by F' + Work done by f,,
(pseudo force)
=(mas) + (- mas)=0
As Pis atrest , AK =0
AK =W (Work -Energy theorem)

Note In inertial frames one has to also to consider
work-done due to pseudo forces, while applying
Work-energy theorem.

3. v=0ox
g_dv_, 1 dx
dt  2Jx dt
2Jx 2

OLZ

F=ma=m—
2

ITLOL2

W= b




4. AK = Work done by F
+ Work done by gravity
j F=80N

T Lg__l__,:

59
=80-4-cos0+5g-4-cosn
=320+ (- 200)

or K,-K,;=120J
or Kf =120d
5. Change in KE = Work done

rma =y

(as K; =0)

%mv2 =mgR(1-cos0) + mgRsin0®

= v=\/2gR(1—cos9+sin6)
6. AK =W

or O—Emv% =Jx—Axdx
2 0

Work, Energy and Power = 111

2
or —lmv?):—Ax—
2 2

= x—v\/ﬁ
=V |—
A

7. () If T=mg, the block will not get
accelerated to gain KE. The value of T
must be greater that Mg.

T F
T T
[:l d) Hand
Mg
.. Ans. False

(b) As some negative work will be done by
Mg, the work done by T will be more
that 40 J.

.. Ans. False

(c) Pulling force F will always be equal to
T, as T is there only because of pulling.

.. Ans. True

(d) Work done by gravity will be negative
Ans. False

Introductory Exercise 6.3

1. In Fig. 1

\ Yy
T T
T T
T
4 g
;

T
B[] 8[m]
Ground Ground
mg

Fig. 1 Fig. 2

Spring is having its natural length.

In Fig. 2 A is released. A goes down byx .
Spring get extended by x. Decrease in PE
of A is stored in spring as its PE.

mAgac:%kx2

Now, for the block B to just leave contact
with ground

kx =mg
ie., 2m, g =mg
= m, =2
A7 9
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2. Decrease in PE = mgé

1 4 l
—mv° =mg —

2 2
ie., v=,/gl
3. OA =50 cm
C20cm B 40cm  —

i
|
o}
. Extension in spring (when collar is at A)

=50cm -10cm=0.4m
Extension in spring (collar is at B)

=30cm - 10 cm

=20cm =0.2m
KE of collar at B

= PE of spring — PE of spring

(collar at A) (collar at B)
- % x K x[(0.4) - (0.27]
or imug -1 50012
m 2

or vp = }W =245s7"

Extension in spring (collar arrives at C)
=[(30)* +(20)* — 10] cm = 0.26 m
KE of collar at C
= PE of spring — PE of spring
(Collar at A) (Collar at C)
= % x 500 x [(0.4)* - (026)*]

or %mvg = % x 500 x 00924

_500

or 0 %x0.0924 =2.15ms!

c

4. Work done by man=% gh + Mgh
m

=[—+M|gh

(2 )g

5. When block of man M goes down by x, the
spring gets extended by x. Decrease in PE
of man M is stored in spring as its PE.

37°

T
T
mg

1, 9

Mgx==Fkx

& 2
or kx =2Mg

For the block of man m to just slide
kx=mgsin37° + 1 mgcos37°

3 3 4
or 2Mg =mg —+ —mg —
g 85 4g5

3

or M=—m
5

Introductory Exercise 6.4

1. Velocity at time ¢ =2's
v=gt=10x2=20ms™!
Power = Force x velocity
=mgu=1x10x20=200 W

-t

2. Velocity at time=at= £
m

= 2F—t (acceleration being constant)
m

Vay

2
Paszxvav=¥
m



Instantaneous power
= Force x instantaneous velocity

2
_p Ft_F
m m
3. Power:Enﬂ
Time
P:E:KE:P%
1mv2=Pt
2
2 Pt
or v=.—
m

or dS 2P 1/2
or Jd ,/ZP jtmdt

£3/2
or s= —+c
3/2
Att=0,s=0,...¢c=0
Thus, s= 8P 28 432
9m
4, P=2¢
=det=j2tdt
=t +ec

Work, Energy and Power = 113

Asatt=0,KE=0,c=0

. KE=#
Le., 1mv2 = orv=\/?t
2 m
2.0+2¢
P = =
av 2

L U=-20+(x-27

PE(=U) is minimum at x = 2.
. Equilibrium position is at x =2m

—=2(x-2)
dx
2
d lz] _9
dx
. Equilibrium is stable.
.F=x-4
For equilibrium, F =0
ie., x—4=0
ie., x=4m
As, F =— ﬂ
dx
dUu
—=—(x-4)
dx
2
U
dx

Thus, equilibrium is unstable.

AIEEE Corner

Subjective Questions (Level I)

(a) Work done by a constant force

1. (a) Work done by a constant force
Work done by applied force = F' scos 0
=40%x2=80Nm
Work done by force of gravity = mgscos ©t
=2x10x2x—-1=—-40Nm

— — -
2. 1y=1y -1

=2i+3)-4k-1i+4j+6Kk)

=ﬁ—3—10ﬁ
Work done = 1{‘21

=6i-2j+k - -(1-j-10k)
=6+2-10=-2Nm

..mg-T=mua

T - myg =mya

Solving Eq. (i) and Eq. (ii),
a=—-2=
my + my

_4-1

“1+1°8 I

wm;=4kg
(andmzzlkg)
3 1
s:ut+1at2
2

...d)
...(ii)
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e

=12m
Work done by gravity on 4 kg block
=4gx12cos0
=480 Nm

Solving Eq. (i) and Eq. (i),
T- 2mym,

4
=2x =
5g

=16N
Work done by string on 1 kg block
=16x12cos0
=192 Nm
4. Work done by applied force = F' scos 45°

N
F=16N

F
45 /

mg

1
=16x2-2x =
2

=24.9 Nm

Work done by normal force
=N scos90°=0

Work done by force of gravity
=mgscos90° =0

Total work done on the block
=249+0+0
=249 Nm

5. Work done by gravity = mgs sin 6

=2x10x 2sin 60°
=20+/3 Nm
=34.6 Nm

Work done by force of friction
=fscosT
=W Nscos T
=—u(mgcos0)s
=—%(2x 10 X cos 60°) x 2
=—-10Nm

(b) Work done by a variable force.
6. W=[Fdx

=Jx:_4—2xdx

x=2

x=-4
2 x =2

= —[(-4)* - (2]
=—-—12Nm
7. W:dex
x=2 4
=J-x=4 ?dx

=Jx:2 4x72 dx
x=4
2412
-2+1 4
x=2
:_4[5]
Xlx=4
=_4[1_1]=_1Nm
2 4

(c) Work done by area under F-x graph
8. (a)W=3x(5-100=-15Nm
Fx(N)

)W =3x(10-5=+15Nm



Work, Energy and Power = 115

W = M: 3 Nm . minimum PE = (4 — 4)> - 16
2 _
(10-4)+(12-0) =-16J
(DW= 2 x3 Now, (KE),.. +PE)_, = Total
L 97N mechanical energy
= m
B-2+B-0 or KE), oy +(-16)=-4
9. @W= 9 x2 or (KE), . =12J
Fx(N) () PEmaX = KEmax =12J
| PEmax PEmax
TS o ol ey
: : KEmax
I I
L U=(x-4)7*-16
! Xm) o=
o 3 5 3 T~~~ ol 7 or 12=(x-4)" -16
: or x? —8x-12=0
g - x=4+2J3
-4 Nm and =4-2J3
(b) W =0 Nm (AU=(x-4)?*-16
1 dU
@W==6-4(-1-0=-1Nm ——=2(x-4)
2 dx
(W =4 Nm +0Nm + (- ) Nm sz—%z—Q(x—zl)
=3 Nm. x
Conservative force field and Potential or F,=8-2x
Energy. (e)F, =0
10. F:—iU ie., 8-92x=0
dé' or x=4m
=- o Art Kinetic energy and Work-energy theorem
p)
_ 1 A 12. K=
=()(A)r = z om
2
1. U=(x-4?-16 (p+£)
- PE (at x =6.0m) : K'—272
=(6-4)°-16=-12J o ™ .
(K’ is the KE when momentum p is
KE (atx=6.0m)=8J increased by 50%)
(a) .. Total mechanical energy o X 9 li
=(-12)+@®)=-4J 42m
(b) KE will be maximum where, PE, is , 9
minimum. or K’ = 1 K
For U to be minimum, 9 5
aU or K'-K="K-K="K
“Y -0 4 4
P K -K_5
ie. a[(x-4)2 -16]1=0 T T K 4
or 2(x-4)=0 =g><100%=125%

or x=4m
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13.

14.

15. a =

Mechanics-1

p=(2 mK)Y?
p’ =[2m(K + 1% of K)1"?

(p’ is the momentum when KE i.e., K is

increased by 1%)
1

=[2mK (1+1%) 2
1 1/2
=(©2mK)"? (1 + 7)
100
1 )1/2
+
100

= (1+1xi)
P 2 100

ie.,

.. Increase in momentum = 0.5 %.
s=©2£2 -2t +10) m

9549
dt
2
d—’29=4m -2
dt
d?s
F=m—
dé
=2x4=8 N
s(att=08)=10m

s(att=2g)=2.22-22+10=14m
SAs=14m -10m=4m

Work =F As
=8N x4m
=32Nm
V04 0160,
2s  2x2 4
mg—T:a T
m
ie., T=m(g-a) la
=30(10-0.04)
=298.8 N

Work done by chain = T'scos &t
=—(298.8 x2) Nm
=-597.6 Nm

16.

17.

10

a=—"_=25ms> F (Push of air)
2x20

Now, mg — F = ma la

F=m(g-a)
=5(10-2.5)

=37.5N

Work done by push of air

mg

=FscosTm

=—-(37.5%x20)

=—-750Nm
@W =[Fdx

- jj(2.5 — %) dx

3 2
=[2.5x—x]
2 0

93
=(25x2)-—
3

=2.33 Nm
L AK =2.33J (I10Nm=1J)
ie,KE(atx=2)-KE (atx=0)=2.33J
~KE(@tx=2)=2.33J
(b) Position of maximum KE
F=25-%"
.. F decreases as x increases and F is zero

=42.5m

Thus, work will be +ive from x =0 to
x=+/2.5 m an so KE will be maximum at
x=+2.5m.

KE (at x = ﬁm)
j 2.5 2 dx

3 V2.5
- [2.5x - x]
3

0

{25F 25F]

= ; x2.5~/2.5

when x

=2.635J



18. a=-_ "8
m
g F
or L = -
10 m g
11
or F="m,
10 g
—T——~~
\i _ _ ’:‘__‘_‘—*
F
F
mg

(a) . Work done on astronaut by F
_11mg
10

=E><72><10><15
10

x 15

=11642.4 Nm

(b) Work done on
gravitational force

astronaut by

=mghcos T
=-72%x9.8x15=-10584 Nm
(c) Net work done on astronaut
=(11642.4) + (— 10584) =1058.4 Nm
~KE =10584J

(d) %mvz =1058.4

v = M = 5'42 ms_l
| 72

19. T =mya ...(0)
and mig - T=ma ...(i)
a
e
T T
T
T

Work, Energy and Power

Adding Eq. (i) and Eq. (i),
mg =(my + my)a

117

(cu=0ms™)

. my
L o= —
m; + my
1
= ¢-m; =1kg and m, = 4 kg)
1+4g 1 g 2 g
=g=2ms_2
5
Now, v? =u? + 2as
ie., v? =2as
or v =+/2as
=42x2x1
=2ms™?

20. T—50=5—0a
10

or T -50=>5a
and T =2T
ie., T= r
2

From Eq. (i) and Eq. (ii),

2, -50=>5a
or T -100=10a
Also, 300

300-T"=—a
10

300-T"=30a

Solving Eq. (iii) and Eq. (iv),
2

ie.,

a=5ms"
T"=100+10a =150N

...

...(i1)

...(iii)

...(1iv)
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21.

22.

23.

Mechanics-1

NR cos (180° — o) + mgR = %mvf

(mgcoso) R(—cosa) + mgR = % mvf

or %mvf = mgR (1 - cos® o)

or v2 =2gR sin® o
or v, =+/2gR sino

(v, is the speed with which sphere hits
ground)

1 1
5’7”}%0 =mgR — §mv§

=mgR —%m2gR sin? o

= mgR (1 - sin® o)) = mgR cos® o,
v, =+/28R coso

(v, is the speed of wedge when the sphere
hits ground)

For 45 kg mass to drop 12 mm, the
increase in length of the spring will be
24 mm.

Now, decrease in PE of 45 kg mass

= Increase in KE of 45 kg mass + Increase
in PE of spring
45><9.8><12><10'3:%><45><v2 +%><1050

x [(75 +24)% - 752 1x 107°
5.292 = 22.5v% +2.192

ie.,

or 22.5v% =3.0996

or v? =0.13776
or v=0.371ms™*

(b) With friction (when mechanical
energy does not remain conserved)

Decrease in PE of 1 kg mass

= Work done against friction due to 4 kg
mass + Increase in KE of 1 kg mass

24.

25.

1><10><1=pk><4><10><2+%><1><(0.3)2

or 10=80p, +0.045

10-0.045

or Wy, =0.124

f = force of friction while disc in slipping
over inclined surface = mg cos 30°

Stops

0.50m

[’ = force of friction while disc is slipping
over plane surface = mg

Now, decreases in PE of disc = Work done
against frictional force

mg%: fs+ f’(0.5)
or mg%: (W mgcos 30°) s + U mg (0.5)

or mgs(0.5—-cos30°) = mg(0.5)
ux0.5

§=————
0.5 - cos 30°

_ 0.15x0.5 ~02027 m

0.5-0.15x g

=

Work performed by frictional forces over
the whole distance

0.2027
=-mg—-—=———x10x
2 1000 2

or 300x%—0.2><300><%—2T=30a



26.

27.

or 180 - 48 — 2T =30a
or 132 -2T =30a ...(4)
Also, T-mgg=mga
or T -50=>5a
or 2T —100=10a ...(i1)
Adding Eq. (i) and Eq. (ii),
32 =40a
or a=0.8ms™>

Speed (v) of block A after it moves 1 m
down the plane

v? =2as
or ¥ =2x0.8x1
or v=1.12ms™!

Work done by frictional force acting on
block
=— L mgs
=-0.25x35x9.8x7.8
=-66.88J

.. Increase in thermal energy of block-floor
system
=66.88J
As the block stopped after traversing
7.8 m on rough floor the maximum kinetic
energy of the block would be 66.88 J (just
before entering the rough surface).
Maximum PE of spring
= Maximum KE of block
1

“kx  =66.88
2

max

2% 66.88
Xmax = 640 m

Maximum compression in the spring
=0.457Tm
Decrease in PE of mass my, = Work done

against friction by mass m; + Increase KE
of mass m, + Increase in KE of mass m,

10kg|m_1|—>—<7

my = 5Kkg

28.

29.

Work, Energy and Power = 119

m2g><4:um1g><4+%mlv2 +%m2v§

5><10><4=0.2><10><10><4+%(10+5)v2

1

Solving, v=4ms"
Three types of Equilibrium
au
() F =- o
Point au F
dr
A + ive —ive
B + ive —ive
C —ive + ive
D —ive + ive
E Zero Zero

(b) x =2m point is of unstable equilibrium
(U being + ive)

x =6 m point is of stable equilibrium

(U being lowest — ive)
3
U=" _4x+6
3

For U to be maximum (for unstable
equilibrium) and minimum (for stable
equilibrium)

av _,
dx
3
ie., A2 gxv6]=0
dx\ 3
or 2 -4=0
or x=*2
d’U d 4
= (x" —-4)=2x
dx®*  dx
Atx=+2m,
d’U
—=2x(+2)=+14
dx?
- U is minium.
Atx=-2m,
d*U

7 =2x(-2)=—4

~.U is maximum.
.. x =+ 2m point of stable equilibrium.
x = — 2m point of unstable equilibrium.
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30. F=- au Thus, the equilibrium of the charge —q¢q
dx is unstable if it is slightly displaced along

i.e., U=- dex X-axis.
= — (Area under F - x graph) (b) If charge — q is displaced slightly along

Y axis, the net force on it will be along
origin O and the particle will return to
its original position. And as such the

The corresponding U Vs x graph will be as
shown in figure

A equilibrium of the — g is stable.
F B e 3 -
+q T A/I\ §§§§§ +q
[ Shaie F T~ -e
B S net A
A c £ (-a,0,0) o

32. (a) Velocity at ¢ =0s is 0 ms ™
Velocity at t=2 s is 8 ms™' (using

i

+ : v=0+at)
1
_ ! X ~.v,, =4 ms™* (as acceleration is constant)
' P, =F xv,,
Thus, point C corresponds to stable = MAVay
equilibrium and points A and E =1x4x4=16W
correspond to unstable equilibrium. (b) Velocity at t=4 s is 16 ms™' (using
31. —q charge placed at origin is in v=u+al)
equilibrium as is two equal and opposite . Instantaneous power of the net force at
forces act on it. t=4s will be
y P = mav
‘g g ‘g =1x4x16
g T F 1 F 25 X =64 W
(-a,0,0) : (+a,0,0) 33. Power =F_; Unax
(a) But, if we displace it slightly say
towards +ive x side, the force on it due Fnax > Fmin = (1)
to charge to B will decreases while that — r Finally
due to A will increase. f Initially
} _=q i (? P= T'Umax
Fy>F.
0 R 1>F3 o P
Due to net force on —q towards right the max
change — g will never come back to original
O, its origin position.
Objective Questions (Level 1)
Single Correct Option
1. InKE = 1 mu? Below reference level (PE = 0) PE is — ive.
2

.. Mechanical energy which is sum of KE

. . 9 . .
m is always +ive and v” is +ive. .
Y and PE may be — ive.

(even ifv is — ive). .. Correct option is (a).

.. KE is always + ive.



2.

3.

ol

Yes, this is work-energy theorem.

. Correct option is (a).

On a body placed on a rough surface if an
external force is applied the static body
does not move then the work done by
frictional force will be zero.

=(i+2j+3b [G-j+2k-({d+j+ k]
(G+2j+3Kk - (-2j+k

-4+3

=-1J

.. Correct option is (b).

“W=[Fdx

=J§ 7 - 2x + 3x%dx

=[7x —x*> +x°15 =135J

.. Correct option is (d).
=2 >

. P=F.v

=(101+10j+20k) -(5i-3j+6k)
=50-30+120
=140 W

.. Correct option is (c).

Work done in displacing the body

=Area under the curve

=(1><10)+(1><5)+(1><—5)+(1X10)
=154J
.. Correct option is (b).
mgh + 1mv2
p_V_ g72
t t

800kg x 10ms 2 x 10m +

% x 800 kg x (20 ms1)?

1 min
_ (800 x 10 x 10) +[400 x (20)*]
60

10.

Work, Energy and Power = 121
80000 + 160000
60
=4000 W
Option (c) is correct.
#3
x=—
3
v= @ =
dt
and a= dv =2t
dt

F=ma=2x2t=4t¢

W=Fv=4txt’=4¢

.. Work done by force in first two seconds
= j:j4 3 dt

42
:4.H

4 0
=16dJ

.. Correct option is (c).

Range =4 x height

or u” sin 20 _4. u? sin? 0
g 2g
or sin 20 = 2sin® 0
or 2sin 8cos 6 — 2sin® 0 =0
or sin B (cos 6 —sinB) =0
or cos®—sin®=0 (assin®=0)
or tan6=1
ie., 0 =45°

Now, K = KE at highest point

1 2
==-m (ucos0)
2

2

= 1mu cos? 0
2

= % mu? cos? 45°

R

2 2

1mu2 =2K
2

i.e., Initial KE = 2K

.. Correct option is (b).
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1. P=32-2t+1

ie., AW g2 941
dt
dW =3¢ -2t + 1) dt
W= ()32 -2+ D
[3 t3—2§+t}4
2
or =1t - + 15
=(43-42+4)-(2*-22+92)
=52-6
= 46
AK =46J

Correct option is (b).
12. K, =%><10><102 ~500J

Work done by retarding force,
W=["-01xdx
20

9130
=—0.1[’C]
2 20

=-0.05 x[(30) — (20’1

=—-25J
Final kinetic energy = K, + W
=500+ (- 25)
=475J

.. Correct option is (a).
13. KE of 12 kg mass : KE of 6 kg mass
_1 myv? = mgv?
o M2V 25 M6

[Acceleration being same (equal to g) both
will have same velocities]

=m12:m6
=12:6
=2:1

14. Wzék[xg — 2]

2 2
=1><5><103 (E) —(i)
2 100 100
_5x10°

5 1q (100-25)=18.75Nm
X

.. Correct option is (c).

15. x=20m to 3.5 m
av__ 6 _
dx 1.5
F=+4N

x=3.5mto4.5m
dau 2
7:—22
dx 1
F=-2N
x=45 mto5.0m
au _,
dx
. F=0N
Work done=(4 x1.5)+(-2x1)+0
=4J

-4

or 1><1><z;2=4
2

. v=2/2ms™*
16. KE at highest point

= % m (ucos 45° )

oo

.. Correct option is (a).
17. Work done by person

= — [Work done by gravitational pull on rope +
gravitational pull on bucket]

- [(—mg ’21) e Mgh)}

m
=(M+—|gh
( 2 )g
.. Correct option is (a).
18. 1mv2 =Fx (D)
2
=~ muv”? = Fx’ ...(i1)
’ 2 2
2
.'.x—zv—zz( l;) =4= x' =4x
x v v

.. Correct option is (b).



19.

20.

21.

22,

Work, Energy and Power = 123

Vertical velocity (initial) =v, sin 6

At an altitude ot?
(vertical velocity)®= (v, sin0)® + 2(- g) h

(horizontal velocity)? = (v, cos 6)*

(Net velocity)? = v% —2gh

K

Net velocity = ,/v% —2gh 16)

to t—
Maximum power will be at 2 s Fig. 1
velocity (at ¢ =2 second) = a - 2 While ball goes up after elastic
_ F 9 collision with the surface it strikes
" . b
1 ! = -
.‘.Power(att:2s):Fxg=£ ! : la -
m m 1 !
1 1
.. Correct option is (d). H
v=0+at i :
1 u =
—a=-T i (g g
m
Instantaneous power, Using, v=u+at
P=FvF v=_(-gty) +(+ &) -ty
=F—-t v=—g({t-2¢t)
m i 2
F3 KE ==-mg” (¢t — 2¢;)
or P=—:1 2
m ie., K = o(t -2ty
or P = constant ¢. K
.. Correct option is (b). 2
While ball comes down e b
u=0 |
1
L oers |
H i
i (@] to 2ty t—>
| Fig. 2
I
Y From the expression for KE
v =gty

at
at t = t, when ball strikes the surface

t=2t, K=0

as shown in Fig. 2.

Using v=utat - Correct option is (b).
| v=0+gt 23. p (block) =3000 kgm™ and ¢ (water)
ie., v =gt =1000 kgm

KE = 1mv2 = 1mg2t2
2 2

K=0t

where, ¢= % mg? = constant.
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c 1

b 3

(External force applied to move the block
upward with constant velocity).

Work done = F' s
=v(p-o0)gs
=v(p-0)x10x3
=§(p—o)x10><3

:5(1—6)x10x3
p

=5(1—%)x10><3=100J

ie.,

(vp=5)

.. Correct option is (a).
Net work done

24, =
Pav = ime of flight (T)
_ mgH cos mt + mgH cos 0
T
H = Maximum height attained by the
projectile
O _
= — =zero
T
25, W(a) = %2 R (x)?
- —
—VVVWWWWMWWW—
Force Constant 2k’ K
~[/3—> - 2]/3 >
(a) (b)
1 ’ 2
W) = 2 k' (x)
W(a)> W(b)
.. Correct option is (c).
26. Y
Given
Straight line along which
) work is zero.

N
5/3 \s

—> N N
F = 20i + 15

3y+ox=5
v x
5/3 5/a
From above figure
15 3
tanf=—=—
20 4
Work done will be zero, if
»=6
i.e.,tan 0 = tan®
5/a0 3
or —=—
5/3 4
3 3
or —=—
o 4
= oa=4

.. Correct option is (d).
27. Let x be the elongation in the spring.

Increase in PE of spring = Decrease in PE
of block

1kx2 =mgxsin®

2
N ‘e 2mg sin 6
k
.. Correct option is (a).
28. s=221-5)
. .

. ds =4tidt

L, —

W=[F ds
:jj(3tﬁ+53)~4tﬁdt
= j2 124 dt

0
372
31
=[4£°13
=32dJ
... Correct option is (b).
29. W = mgh + mgd
=mg(h+d)

or F,,d=mg(h+d
h

F, = 1+=
(1)



30. Energy storedin A=FE = %k x
Ka ks
—“WWWW— —“WWW\W—
A 2k = 2kg B
F F
MW= =AM
A F B F
1, (FY
= — kA _
2 ky
F?
2k,
2
Energy stored in B=——
2ky
F2
=— (kg =2k,)
4k,
1F _E
22k, 2

31. 1kx2 :lm,ﬂ
2 2

.. Correct option is (a).

32. %mv2 =F(2x) ...(1)
%m(2v)2 = F(nx) ...(ii)

Dividing Eq. (i) by Eq. (ii),

@Qu’ _n
¥ 2
= n=8

.. Correct option is (d).
33. mgh = 1mv2 + 1kx2
2 2

e, v’=. [2gh- ﬁ/ﬂ
m

= \/2>< 10x0.15 - % % (0.15)%

or v=0.866ms!
.. Correct option is (b).

Work, Energy and Power = 125

34. Decrease in PE of mass m

35.

36.

37.

38.

=Increase in PE of spring

ie.,, mgdsin6= %kx2

R

~ 2mgsin®

~ 100 x 2° ~
 2x10x 10 xsin30°

or

.. Correct option is (c).

PE of block will change into its KE and
then the KE gained by the block will
change into the PE of the spring.

Due to inertia the spring will not start
compressing the moment the block just
touches the spring and as such the block
will still be in the process as increasing its
KE. Thus v of the block will be maximum
when it compresses the spring by some
amount.

.. Correct option is (b).

Work done by normal force is zero, being
perpendicular to the displacement.

Work done by string is + mgh while that
due to gravity it is — mgh.

Net work done = (+ mgh) + (- mgh)
=0
.. Correct option is (c).

Work done on floor =0 (as displacement is
Z€ro).
(0-20)ms™
(10-0)s
2

Acceleration =

=-2ms”

Therefore, net force on particle
=2kgx-2ms2
=—4N

i.e., the net force on the particle is opposite
to the direction of motion.

.. Correct option is (a).
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Net work done =F x s

= F X (Area under v-¢ graph)

=—4><(%><20><10) =-400J

Thus net work done may not be wholly
due to frictional force only.

Further net force — 4 N may not be wholly

.. Correct option is (c).

KE just before bounce = %mv2 = mgh

KE just after bounce = 80% of mgh

When the ball attains maxmum height
after bounce

Gain in PE = mgh’ = Loss of KE

due to friction only. or mgh’ =80% of mgh
39. Height of bounce = (100 — 20) % of 10 m or h’=80% of h =80% of 10 m
JEE Corner

Assertion and Reason
1. P=Fv
For power to be constant, the velocity

must also be constant. Thus, assertion is
false.

According to 2nd low of motion, net
constant force will always produce a
constant acceleration. Reason is true.

.. Correct option is (d).

2. As displacement is opposite to force
(reason) the work done by force will be
negative.

Thus, Assertion is true. Further, as reason
is the correct explanation of the Assertion.

.. Correct option is (a).

3. Conservative force has nothing to do with
kinetic energy. (If a non-conservative force
acts on a particles, there would be loss of
KE). Thus, assertion is false.

Work done by conservative force decreases
PE (reason is true).

I,
mg (a conservative force)
h

[
Img
W = mgh
If PE at A is zero.

The PE at B would be — mgh.
.. Correct option is (d).

4. In circular motion only the work done by
The centripetal force is zero. Assertion is
false, centripetal force acts towards centre
while the velocity acts tangentially.

Reason is true.
.. Correct option is (d).

5. As the speed is increasing (slope of graph
being increasing) there must be net force
in the +ive direction of displacement.

Thus, work done to all forces will be
positive, Assertion is true and also as
explained above reason besides being true
is the correct explanation for the
Assertion.

.. Correct option is (a).

6. Work done by constant force F when the
body shifts from A to B.

- —
F F
=
|__| L]
A B
- -
S’ R S’
/F N /I?)
[= > =
D
c
= -
Wyg=F-s=Fscos

= -
Similarly, W,.=F-s
=F s’ cos (90° + 6)
=—Fs’sin6

= -
Wep =F-s =Fscos8



10.

= -
Wpp =F-scos(90° - 6)
=F s’sin 0
Wie +Wep +Wpp =Fscos6=W,,
.. Work done by a constant force is path
independent. thus, Assertion is true.

The Reason is false. Kinetic frictional
force remains constant but is a
non-conservative force.

.. Correct option is (c).

It is true that work-energy theorem can be
applied to non-inertial frame also as
explained in the answer to question no. 2
of introductory exercise 6.2.

Earth is non-inertial which is also true is

a separate issue and has nothing to do
with the assertion.

Thus, option (b) would be the answer.

When block is depressed the excess of
upthrust force will act as restoring force
and will bring the block up. The velocity
gained by block will take the block above
its equilibrium and the block will oscillate
about its equilibrium position (as given in
reason). Thus, the block will be in
equilibrium in the vertical direction.
Thus, assertion is also true and the reason
being correct explanation of the assertion.

.. Correct option is (a).

As displacement (= s, — s;) is not equal to
zero, the work done by all forces may not
be zero. Therefore, assertion is false.

Work done by all the forces is equal to
change in KE is as per work-energy
theorem. Thus, reason is true.

.. Correct option is (d).

When the block comes down the wedge,
the wedge will move towards left and the
actually displacement of normal force will
not be along the wedge (see chapter on
CM). It will along AB as shown in figure.
Thus, the angle between N (normal force
on block) and its displacement AB will be

11.

Work, Energy and Power = 127

greater than 90° and that between N
(normal force on wedge) and its
displacement will be less than 90° as given

in reason.
N

1

For this the work done by N (or block) will
be negative and that by N (on wedge) will
be positive as given in assertion.

Reason also being the correct explanation
of the assertion.

There will be increase in length of the
elastic cord.

elastic
cord

1
I
1
]
i
: Block
1
]
I
1
1

N s —>] ¥

fa

Work-done by static force

fi (on block) = - fis
Work done by static force

fi (on plank) = + fis
~. Work done by static force f; on the
system (block + plank + cord) =0
Thus, reason is true.
The work done by the force F will be used
up in doing work against friction f, and
also increasing the elastic potential
energy of the cord. Thus, assertion is true.

Further, as the reason is the correct
explanation of the assertion.
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1
12. Decrease in KE = %mv2 -0 PE + KE = §m02
Decrease in ME is used up in doing work

against friction.

In this case the mechanical energy is
being used up in doing work against
friction and in increasing the PE of the
block.

.. Change ME = % mv? — mgh

Thus, assertion is true.

As explained above the reason is false.

1 (uw does not change with the increase in
= mv angle of inclination)

.. Correct option is (c).
Change in mechanical energy

Objective Questions (Level 2)
Single Correct Option
1. Increase in KE of bead = Work done by 3. Loss of PE of block = Gain in PE of spring

gravity + work done by force F'
1 /\@

. 2 _
..§mv =mgh + FR \(/d
(Displacement of force F'is R) k M
=%><10><5+5><5=50
u=\W mg(d+2)sin30°=%kx22
mn 11
— /200 = 14.14 ms-! or 10><10><(d+2)><§=§><100><22
.. Correct option is (a). d=2m
Let, v, = velocity of block when it just
2. P=Fv touches spring

= mav

dv dv dv ds dv
=m|v— |V a=—=—-—"=p—
( dx) ( dt ds dt ds)

ds =" v?dv

p
ie., st = %jjvv2 dv

m w3 T 1 muv’, = mgdsin 30°
or §=— 2
pLody

3 \ 1
v =10Xx2x2x =
_ ™ o)t = T 2
3p B v, =+20ms™!

. Correct option is (a). Correct option is (a).



4. Mass per unit length of chain =

m
nR/2
dm =R d6

nR/2
d
ycsz-[ydn;n

AN
R (1 - cos 6)

j”ZR(l—cose)LRde
0 nR/2

m
2R (1 —cos 0)do
i
e
n[2
- 3[1 _ E]
T
i
Now, 2 mv® + mg Yoy
or v? = 28 Yoom
2gR (1 - g)
i

.. Correct option is (c).
5. The moment string is cut

T
T=mg
mg
mg F (= mg)
F
F=kx=mg
F=mg
[ 8]
mg (weight) mg
(downward)

Net force on A =2mg
' a; =2g
Net forceon B =0

Work, Energy and Power = 129

a2 = 0
.. Correct option is (b).

6. Let x be the expansion in the spring.

KX KX 11

7]

Ma¢

Increase in PE of spring = Decrease in PE
of block C

1 ka® = M, gx
2
ie., kx =2Mg
For block A to remain at rest
kx = W pin Mg
or 2M,8 =W min Mg
_2M,
M min = M
.. Correct option is (c).
. T,=mg
KX, = 2mg =mg

2

When one spring is cut. It means KX,
becomes zero. Downward acceleration,

_ KX, _mg_g
2m  2m 2
Now drawing FBD of lower mass :
Tf =m.a= mg
2
_mg
Tr="g
or AT=T, -T,= "8
2

_ mgsin0 —u mgcos6

m
=gsinB - gcosO
For v to be maximum

dv _,

dx mg sin ©
or v@:O

dx
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10.

11.

Mechanics-1

dx dv
or =220
dt dx
or @ _,
dt
or a=0

i.e.,gsinf= gcosO

or sin® = cos O
3 3 4
or —=—x —
5 10 5
= x=E=2.5m

.. Correct option is (d).
(a) Between points E and F, (fi—U is —ive.

r
Now, F = - C;—U, the force between E and F
r

will be + ive i.e., repulsive.

(b) At point C the potential energy is
minimum. Thus, C is point of stable
equilibrium.

.. Correct option is (c).

= -
Power=F v

)
\'"

.

u
-
//‘j

g
- o o
=mg-(u+gt)
=mguc0s(90°+e)+m§-§t

ie., P =—mgusin® + mg’t

lul=u,lgl=gl

Therefore, the graph between P and ¢ will
be as shown in option (c).

e ]

|e—2x —>1

—-=1
o

umg

PE of spring due to its compression by x

= | Work done by frictional force when
displaced by 2x|

ie., ékx2 =W mg 2x

12.

13.

14.

4
= THmE
x

=

.. Correct option is (c).

Power delivered by man = T.v

=TuvcosO N
N T
ITl=T ’_,/_7,
and|vl=T -
0=3x+4y
y
3N
ﬂp(ﬁm,8m)
)——— 4N
// Fnet =:5N
7 !
1
o i
’ |
R l«—6m—Q X
Fx:—@:—3N
0x
and Fyz—@z—élN
dy
PR_5
PQ 4
N PR=%><PQ=10m

.. Work done by the conservative force on
the particle

=F 4 X PR=5Nx10m
=50Nm =50J
.. Correct option is (c).

Both at x =x; and x = x, the force acting
on the body is zero i.e., it is in equilibrium.

Now, if the body (when at x = x;) is moved

towards right (i.e., x > x;) the force acting
on it is + ive i.e., the body will not come
back and if the body (when at x =x,) is
moved toward rght (i.e., x> x,) the force
acting on it is — ive i.e.,, the body will
return back. Then,x = x, is the position of
stable equilibrium.

.. Correct option is (b).



15. The man will stop when

L mgcos®=mgsin0

or (Lo x) mgcos® =mgsin®
tan 6
or X =
Mo

16. Taking moment about A

kqx C kox

[ [
A ¢ B
F= (k1 +k2)X

AC -F =(kx)l
AC=(k2x)l
F
_ (Kl
(b + k) x
ky l
by + Ky

.. Correct option is (d).

17. mgh + work done by the force of friction
== mv?
.. Work done by the force of friction

1
==-mv® — mgh
2 g

=(%><1><22)—(1><10><1)

=-8J

.. Correct option is (c).
a b
18. U=—, — —
2 O

U=ax'? - bx®

For stable equilibrium, (Z—U =0
x

ie., a(-12x B b6 x" =0

Work, Energy and Power = 131

ie., 6bx~" =12a x 12
1

. (2(1 )E
ie., x=|—
b

.. Correct option is (a).

19. For the rotational equilibrium of the rod

i

- [[2 >

mg
mgl:kxl
2

_mg
2k

ie., X

.. PE stored in the spring = %kx2

2 2
zlk mg | _(mg)
2 |2k 8k

.. Correct option is (c).
20. a= 1" "2

Speed (v) with which mass m, strikes the
floor

_ P+ 2 = Z(W)gh

my + mgy

.. Correct option is (a).
21. F=—ax +bx®

—ﬁ:—ax+bx2
dx
or dU = (ax — bx®) dx
or U:J.(ax—bxz)dx
2 3
or Uzﬂ—bi+c
2 3
Atx=0, F=0
~U=0
and so,c=0
2 3
Thus, U—%—bi
2 3
2 3
U—O,Whenﬂ—bi
3
i.e., atxzs—a
2b
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dU

——=0,when F =0
dx
ie., —ax+bx® =0
. a
i.e., at xX=—
b

Graph between U and x will be

I
I
1
I
I
:
o a 3a X
b

2b 25,

.. Correct option is (c).

o9, Wa _Fs_1
Wy Fs 1
.. Correct option is (c).
1
LA §mvi )
Wg %4mv12g
i 4
= TA:f
vp 1
= Va_2
vg 1
Wy 1
Wy 1
L
K; 1

23. U;at (1, D=kAQ+1D =2k
Upat(2,3)=k(2+3) =5k
W=U,-U;
=5k -2k =3k
.. Correct option is (b).
24. Gain in PE of spring = Loss of PE of block

PE =0 level
for block

26.

%kxfnax cmgh+x,) )

~.From above Eq. (i),

Xmax depends upon A and also «
depends upon k.

max

KE of the block will be maximum when it
is just at the point of touching the plank
and at this moment there would no
compression in the spring.

Maximum KE of block = mgh

.. Correct option is (c).

Gain in KE of chain = Decrease in PE of
chain

— -

2

When the whole chain has justcome out of
the tube.

1 (2n nr)
or —mv° =mg|—+—
2 b4 2

er(3)
v+, 28| —+ =
T 2

.. Correct option is (b).

Acceleration of the block will decrease as
the block moves to the right and spring
expands the velocity () of block will be

maximum, when

1 mv? = 1kx2
2



27.

28.

At this moment, F = kx

. F
ie., x=—
k
s k (F > F?
or v =—| — =
m\ k km
F
V= ——
Jmk
.. Correct option is (b).
Force on each block = £ x
4ms™! 6ms!
——— —_—
A
. kx kx E
1
=200x —=20N
10

Power of A=20x4=80W

Power of B=20x6=120W

.. Total power =200 W

i.e., rate of energy transfer = 200 Js !
.. Correct option is (c).

From O to x compression in the spring
F kx T

E +ive

kx 3m

Average acceleration of A
kx - F
a, =

2m

Average acceleration of B
kx

B~ 9@m)

As at maximum compression of the spring
both the blocks would be having same
velocity.

2a,x=2apx [using v? =u? + 2as]

i.e., a, =a

B
kx - F _k7x
2m 6m
or kx—sz—x
3
or Fz%
3
. 3F
ie., x=—
2k

.. Correct option is (c).

Work, Energy and Power = 133
29. Work done on block A in ground frame
—0.2x 45x 10 x 20=30
100
=18dJ

.. Correct option is (b).

30. N =mgcos6
N

=10x10xcos37°

=10x10x 4
5
=80 N
.. Work done by Nin2 s
=Ncos ¢
=80x 20 x cos53°
=80 x20x 3
5
=960 Nm
=960J
.. Correct option is (b).
T’
31. rme_ 5 (given)
m
Upper spring Lower spring
cut Initially cut
T=T+mg T
++ ive
T T
mg mg mg §
T"+mx10=5m
ie,T"=-5m
_mg-T
m
_mg —(T" + mg)
m
—_ T’
m
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_ _(=5m)

m

=5ms™>

.. Correct option is (b).
32. Total ME =254
S PE(U) ¢ =25J [as KE can’t be —ive.]

Particle can’t be found in the region above
PE (max) line.

~-10<x<-5and0<x<15
.. Correct option is (a).
More than One Correct Options

1. (i) Acceleration

U=Tx+24y
R
0x
Fyz—a—U=—24
dy
. 7
ie., a,=——
5
i.e a ——%
.e., y 5
a=-i-225 ms?
5 5
ie., IZ =5ms?

.. Correct option is (b).
(ii) Velocity at t =4 s

- o o
v=u+at

=(8.6€+23.23)+[—;ﬁ—2543]4

=8.61+23.2]-561-10.2)
:3ﬁ+43
I3I:5ms*1

.. Correct option is (a).

33. Total ME =-40J
. PE (max)=-40dJ

U (x)

Particle can't be found in the regions
above PE (max) line.

.~ “It is not possible”. Option (d).

(iii) As a-v #0, the path of the particle
can’t be a circle.
- -
i.e., a is not perpendicular to v.
Options (c) and (d) are incorrect.

V= 3i + 4]

-7
|
1
1
]
1
1
]
l
! a

Pt — 24j

2. U=100-5x + 100x>
F =- U __ 9 (100 5x + 100:2)
Jx dx
=—[-5+200x]
=5-200x
_F, _5-200x
T 041 0.1
=50-2000x
(i) At 0.05 m from origin
x=+0.05m (first point)

a, =50 —2000(0.05)
=50-100



= - 50 m/s”

=50 m/s? towards —ive x
.. Correct option is (a).
(ii) At 0.05 m from origin

x=-0.05m (second point)
a, =50-2000(-0.05)
=50+100
=150 m/s*

.. Correct option is (c).
Mean Position

a=0atx=ﬂm=0.025m
2000

(iii) For point 0.05 m from mean position
x=(0.05+0.025) m
=0.075m
a, (atx=0.075m) =50 -2000(0.075)
=50 - 150 = — 100 m/s”
=100 m/s towards — ve x-axis.
.. Correct option is (b).

(iv) For second point 0.05 m from mean
position

x=0.025m - 0.05m
=-0.025m
~.a, =50-2000(-0.025)
=100ms 2
. Option (d) is incorrect.
. (i) If the spring is compressed by «x, elastic

potential energy equal to 2 kx® gets stored

in the spring. Now, if the compressed
spring is released the energy stored in the
spring will be lost. When the spring
attains to natural length.
Work done by spring = Energy stored in
the spring

1, 9

=—kx
2

.. Correct option is (a).

(ii) If the spring is extended l?y x, energy
stored in the spring would be 2 kx® . If the
extended spring is released the energy

stored in the spring will be lost when the
spring attains its natural length.

Work, Energy and Power = 135
Work done by spring = Energy stored in
the spring
_1 ke
2

.. Correct option is (b).
(iii) If spring is initially its natural length
and finally compressed.

Work done on (not by) the spring (z %kaJ

will be stored in the spring.

.. Option (c) is incorrect.

(iv) If spring is initially at its natural
length and finally extended.

Work done on (not by) the spring (z %kaJ

will be stored in the spring.
. Option is (d) is incorrect.

. (i) Work-Energy theorem states that W,

(Work done by all forces conservative or
non-conservative, external or internal)

= A (KE)
Correct option is (d) is incorrect.
.. Correct option is (c).

(ii)) Work done by non-conservative forces
(i.e., all forces except conservative
forces) lead to decrease in KE and thus
change in mechanical energy takes
place.

... Correct option is (b).

(iii) Work done by a conservative force may
be + ve, — ve or zero.

N
’ S
I 90°
mg

h h mg

lmg (a conservative force)

N

W=mgh
=mghcosT

=—mgh
(PE increases)
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W = mé h When F is removed, the upper disc
accelerates upwards and when it attains

= mghcos 0 the position as in figure 2, its acceleration
=+ mgh reduces to zero and the velocity gained by

it takes it further upwards. Restoring

PE i
(PE increases) force on the upper plate now acts

W = mgﬁ = mgh cos Too downwards and that on the lower plate
2 acts in the upward direction and would lift
(PE remains same) it lower plate) if
Option (a) is incorrect. k@ -1)>3mg
5. F is the force by hand or upper disc ie., kd>3mg + kl
Y or kS>3mg + mg
(6-1) 4mg
§> 26
A k(i+8) or >
k 1
®+1) - .. Correct option is (d).
Correct option is (a) obviously being
K(5+1) incorrect.
N T 6. At maximum extension x :
| | | | decrease in potential energy of B=
l i ‘k(l +3) increase in spring energy
1, 9
2m)(g)(x) = = kx
3mg 3mg g 2
4mg
Kkl = mg _ _* _____ or k = 7k
/
— T 7. Total work done by internal forces of a
system, which constitute action and
Artist reaction pairs, is always zero and if it is
ittglént?rizs not so the total work done will not zero.
of [ .. Correct options are (b) and (c).
8. (i) Work done by conservative forces may
be + ive, — ive or zero as explained in the
| .
| #kl 5 m answer to question no. 4
l 3mg Sﬁgg’eﬁfhseed .. Option (a) is incorrect.
spring Correct option is (b).
N =3mg + k(I +9) Correct option is (c).
—3mg + K1+ 2mg (i) In pure rolling work done by frictional
force (a non-conservative force) is always
=3mg + kl +2mg Zero.
—3mg + mg + 2mg .. Correct option is (d).
2mg 9. In moving from 1 to 2 work done by
=bmg (for 6= ) conservative force
. Correct option is (b). =U -0,
N:kl+3mg :(_20)_(_10)
=-10J

=mg +3mg =4mg

- Correct option is (c). .. Option (a) is incorrect.
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Option (b) is correct. Work done by Normal force (N) on block A
Work done by all forces W = Nscos 6
=(K, +Uy) - (K;+ 1) In motion 2 — +ve asf< 90°
=[20+(-10)] - [10 + (- 20)] In motion 1 —— + ve asf< 90°
=204 .. Correct option is (b).
= Correct option is (c). Work done by force of friction (f)
Option (d) is incorrect. In motion 1 — may be — ive if f is directed
10. N N upwards along the plane as shown in
Tz figure 1. (Motion 1 being retarded)
1 .. Correct option is (c).
= ol mg In motion 1 — may be + ive if f is directed
Work done by gravity downwards along the plane if motion 1 is
In motion 2 — —ive [as 6 = 7] accelerated.

In motion 1 —— zero[as 6 = g] + Correct option is (d).

.. Correct option is (a).

Match the Columns

1. As body is displaced from x = 4 m to (d)— (p, s).
x=2m 2. W =Fscos9
s=-2im (a) Work done by N will be + ive as6 < 90°
@F=41 @ ()

(b) Work done by mg will be —ive as0 =7

= — 8 unit N T T
(a)— (q)
and |W | = 8 unit
(a) > (s) mg
(b)f‘=4ﬁ—43 )= (q)
W=F.s-= (41-45% (-2 =-8 unit (c) Work done by force of friction (f)
(b) - (q, 5) will be zero as f will be zero.
S e (©) = (@)
c)F=-41 . . .
N R (d) Work done by tension (T") will be + ive
W =F.s =8iunit as0< 90°
and |W|= 8 unit (d— (p)
(c)—> (p, s) 3. Y
I
@F=-41-4] +q Fs | Fa=Fa  +gq
A i - B
W:f‘_s) (-a,0) i 9 Frei=0 (+a,0)

=(-41-4)) (-21) =8 unit
and |W|=8 unit

F, = force on +@Q by +g placed at A
Fg =force on +@Q by + g placed at B
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As F,=F; charge +Q will be in
equilibrium.
(a) i
I
: I
*q | +Q B
I
I
1

Due to increase in distance between + g (at
A) and+ @
F, <F,
Due to decrease in distance between +q
(at B) and + @
Fy; >Fy
Using F, = Fp, we have F; > F,. As there
will net force on + @ which will being + @ to
origin.
Thus, equilibrium Will be a stable one.
(b)
? net
F
Té’ A

="

I
l
+q : +q
|
1

~.@

As F ., will be along the increasing
direction of Y, the charge +® will not
return to origin.

Thus, equilibrium will be an unstable one.
() = (@)

(c) As explained in (b) the equilibrium will
be an unstable on.

(c) > ()

(d) J e x= yline

I
1
I
1 /
‘.\ -y FA
v
/
1 REN
P ) ~-o
I
1
I
I
1

+tq

4. (a) From A to B:

A xx kx
i A __
— B A
Mean X
position ¥ mg N

Increase in spring PE = %kx2

Decrease in gravitational. PE of block

= mgx
= (kx) x = kx?
(a) > (@)

(b) From A to B
Increase in KE of block
=Decrease in gravitational PE of block
— Increase in spring PE

=kx? — lkx2
2

=~ kx® < Decrease in gravitational PE of

block.

() — (p)

(¢c) From B to C

Increase in spring PE = %k(Qx)2 -

= §laax2
2

1 ka®
2

Decrease in KE of block = %kx2

(KE of block at C will be zero)

= (c)— (p).

(d) From Bto C

decrease in gravitational PE = mgx
=(kx)x
= kx?

Increase in spring PE = %kx2

= (d)— (p)
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a="a "M , _ 2-1 g (c) Work done by string on 2 kg block
my + my 2+1 =Tscosm
_40 x 0.15x (-1)
l 3
- I -~ =-20d
T T s(e)— (s).
(d) Work done by string on 1 kg block
a T T =Tscos0
m Ty =495 0.15%1
my 3
1g 29 = 2 J
1 s (d) - ().
= 3 g 6. (a) Work done by friction force (f)
10 (w.r.t. ground)
="—"ms
: A
T = 2mymy g f
my + my “F(=f)
EPNELLINST
1+2
_ 40 =fscosm
= — fs
Displacement of blocks, - (a) > (q).
s=ut+ 1at2 (b) Work done by friction force on incline
1 2 (w.r.t. ground)
=§at2 =fx0xcos0
=0
:1><E><(0.3)2 . . 1
2 3 [There being no displacement of incline
—0.15m w.r.t. ground]
(a) Work done by gravity on 2 kg block 2 (b) = (x).
— mascos 0 (c) Work done by a man in lifting a bucket
~—92x10%0.15% (1) =Tscos0 (T =Tension in rope)
-3J =a + ive quantity
~(a)> (@) 0 = 0 as T and s both would be in upward
(b) Work done by gravity on 1 kg block direction.
~ cos 1t = (e) > (p).
= mgs (d) Total work done by friction force in (a)
=1x10x0.15x (= 1) w.r.t. ground
=-15J =—fs+0=-fs

= (b) = (p). S(d) = (g).



[ Circular Motion

Introductory Exercise 7.1

. In uniform circular motion the magnitude
2

of acceleration |="—| does not change
r

while its direction (being always towards

the centre of the circular path) changes.

. If o, and o are in rad s™* the value of o
must be in rad s2. But, if ®, and ® are in
degree s the value of o must also be in
degree s~2. Thus, it is not necessary to
express all angles in radian. One way
change rad into degree using « rad = 180°.

. During motion of an object along a curved
path the speed and magnitude of its radial
acceleration may remain constant. Due to
change in direction of motion the velocity
of the object will change even if its speed
is constant. Further, the acceleration will
also change even if the speed is constant.

. (i) Radial acceleration (a,)

B ﬁ (@2 cms )
r lem
=4 cms™?
(ii) Tangential acceleration (a)
~ v _d g
dt dt
=2cms 2

(iii) Magnitude of net acceleration

= (@ )? +(ap)?

= \/(4 ems 2)? +(2cms2)?

=25 cms 2
5. |Vyl=Ivyl=v(say) —
2nr 2 &
T="-"
PQ|
|Vavl= p
tpq
N2 2
T/4 7wr/2v
2.2
=—uv
T
Vel _ 242
N 1% T
6. v, =0+ 4t

Centripetal acceleration
= tangential acceleration

ro’=ro

= 0)?=0a
(4t =4

tzls

2
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Introductory Exercise 7.2

1. In uniform circular motion of a body the
body is never in equilibrium as only one
force (centripetal) acts on the body which
forces the perform circular motion.

gra 9.8 x250x(1.5/2)
2 Vmax =% = 15

-~ —

3. () Tsinb=mg

T cos 6 = mre?

tan 0 = g2

rm

S o
rtano (Icos0) tan 0O

1_+98 1
1 27

~9.8 1

X 60 rev min~
27

=29.9 rev min!

O T=""% - 2mg
sin 6

=42 x5x%x9.8=69.3N
_w
4. N=2

(a) At rest :
Required CPF=w - N = %

2

mv*  w
= =— ...G
r 2 D
At dip :
Required CPF=N’"-w
2
W _N-w ..(Gi)
r

Comparing Eqgs. (i) and (ii),
N-w=Y%
2

N’ =3%_3  16kN
2 2

=24 kN

(b) At crest on increasing the speed (v), the
value of N will decrease and for
maximum value of v the of N will be just
zero.

mv?
Thus, ——maxX =y -0
r

wr

= Umax =
m

Jer (as w = mg)
10 x 250
=50ms™!

(c) At dip :

mv2

N =w+

r
=w+mg
=2w =32kN
5. Case 1. If the driver turns the vehicle
fe——r ——|

-
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2
mbuv

[where v; = maximum speed of vehicle]

= vy < U gr
Case II. If the driver tries to stop the
vehicle by applying breaks.

Maximum retardation =y g
-~ v =02 +2(u @)r
= Uy = m
=2y,
As vy > vy, driver should apply breaks to
stop the vehicle rather than taking turn.

. In the answer to question 3(a) if we
replace 0 by ¢

If 0 is the angle made by the string with
the vertical

0+ ¢=90°
ie., 0=90°-0
= sin ¢ =cos O
o= g
lcos©
= cosezi2
lo

Introductory Exercise 7.3

- -
. |vil=uand|vy|=v (say)

- o -
AV =vy + (= V)

N

- V1 -
V2

%

Ai

— —
=Vy —V;

- > — — - —
Av-Au =(uy — vy) (Vo —uy)
- > - - — —
=u2-V2+u1-V1—2V2 _Vl
— -
Iv2|2 +|v1|2:v2 +u?
=u? —2gL +u?
N
AV 1% =2@w? - gL)

|AV| =2 - gL)

2. Ball motion from A to B :

0% =u2,, +2(-g)2R)
= ufnm =4gR
Ball motion from C to A :
v=ul, +2(-g)h
=4gR - 2gh

= v= 28 @R~ F)

3. Decrease in KE of bob
= Increase in PE of bob

—
]
' KE of bob
! =1/2 mvg
O <t PE of bob
Yo = K (say)
]

Q Q




I
l : -
h a PE of bob = K+ mgh

Y W 0
O O

1

gmv% =mgh
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v2 =2gh

Vo = /281 (1 - cos 0)
=/2x9.8 x5 x (1-cos60°)

-1

=7 ms

AIEEE Corner

Subjective Questions (Level 1)

1. v=4¢
v _g
dt
ie., ap =8x3=24ms™

v=4x3%2=36ms™! (att=3s)
2 2

C=U—=(36) =24 ms~?
4 54

Angle between a net and a?t

0=tan! ﬂ =tan11=45°

5
la,l
2. v=16ms'andr=50m
2 2
Q. = v _U1e” 5.12ms 2
r 50

Aot = /@2 +a% = [(5.12) + 82
(givena, =8 ms2)
=9.5ms™

3. Speed (v) at the highest point (P)

)
! 18c=g
e'ucose R :

J—:— Centre of curvature

v=ucosb
Now, a, =8
.
E =8
g g

4. (a)a, =acos30°=25><§

=21.65ms ™2

U2

R
v

=21.65

=,/21.65x2.5 (R =2.5m)

=7.36ms™"
(b) ay = asin30° = 25 x % =12.5ms™

i.e.,

5. (a)v=2.0t=2.0x1
1

=2.0cms™
2 2
a,="2 = @07 _ 4 ems?
R 1
(b)v =2.0¢
@ =2.0
dt
ie., ap =20 cms 2
(C) anet = \' a2C + a%‘
=4.47 cms ™
6. R=uT=u %
g
e T r 5)5\\\
— il \
\\ P /7

u=R.|E
2h
2
i.e., u? = Rg
2h
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Thus, centripetal acceleration of the stone
(at point P) while in circular motion
_ u? B R2g 1

r 2h r
_10°x9.8
T 2x29x15

=112.6ms™2

7. v=18 km/hz%ms_lz&ns_1

2
Angle of banking (6) = tan~! v

r8
o B
= tan
10x 10
=tan! i
40
2
g. ™ _ umg
r
2 2
ie, n=l-_O 1025

gr 10x10 4

9. v=,rgtan®

= \/50 x 10 x tan 30°
=17ms™!
10. mro®, =N ..G)
and mg=pu N ....(ii) -
Solving Egs. (i) a;ld (ii), uN
Omin =,
ur mg
0.15x3
=4.7rads™!
11. (a) (T} + Ty) cos 6 = mro? ...()
Tysin®
Tycos® ,_J>cos®
4m TE---‘szsine
mg
and (7} — T;) sin 6 = mg ...(i)

ie., T, cos 6 = mro?® — T, cos 6
and T, sin® = Ty sin 6 — mg

mro® — T, cos 0
= cosf=—————
T,sin® — mg

or T,cos®— mgcos®=mron® - Tjcos O

2T, -
orw:\/ 1€0s 0 — mgcos 6

mr
2><200><(§)—4><10><(§)
_ 5 4
4 x3
=8.37 rads™!
8.37 x irev
_ 2n
1 .
— min
60

39.94 rev min '

(b) From Eq. (ii),

T,=T, - ¢
sin 6
— 9200 - 4 x 100

( )
5

12. (a) For the block not to slip
N

uN
mg
MLy =t N = mg
ng
o .. = |—
max L

(b) If the angular speed is gradually
increased, the block will also have

translational  acceleration (=aL)
besides centripetal acceleration
(= Lo?).
oL
Anet ~&
At the t)
\ just slippi

1 Att =
1



The block will be at he point of slipping,
when

maye =H mg

ie, J(Lo?)? +(@L? =ug

or LCo* + o’ =pg*
2 2
or ot +0? = %
1
2 2 n
or o= {HL‘g - 012}
13. F’ =2F cos 6(2) =FJ3
PQ=QR =RP=a=2P0Ocos 30°
a=rJ3
For the circular motion of P, Q or R
2
muv =F, =F\/§
r
2
mv® Gmm
or = =—_——_3
r (rd3)?
1 1
or v_[Gm:|2 _[GM]2
3 a
Now,v = @
3
T2 o a/\/§1 =91 32
v [GM:|2 mn
a

14. Nsin0=mrw

and N cos0=mg
sin _ ro’ or sin® (Rsin®) o’
cos6 g cos 6 g
ie., cos O = g 5
Ro

For 0>0°:cosb<1

15.

16.
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g2<1 or m>\/g
Rw R
- if ms\/g:G:O"

R

i.e., bead will remain at the lowermost
position.

For = 2—g:cosez g :1
VR R(2ﬁ) 2

i.e.,

R
ie., 0 =60°
(@T=22 o
[é T T @11
——2 m—> Fr
= 4(4)
=64 N
T-F,=11-0
64— F, = (47
= Ff =48 N
(b) T=2-2-0%, and
T-F, =1-1-0%,
" 40)%nax - Ffmax =1 m%nax
ie., Sw%nax =umg
nmg
Omax = 3
0.8 x1x10
-\ 3
=1.63rads™!
(€)100=2-2-0%,,
: ® =5rads™

Therefore, if the string can sustain a
tension of 1100 N, the angular speed of
the block system will be 5 rad s~

In this case the frictional force (Ff) on the
block of mass 1 kg will be given by the
relation

100-F,=1-1-5
= F r= 75N

grl

Umax = h

_ /10><2(1)05>< 0.75 @r=15m)

=31.6ms™!
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17. If the block just leaves the surface of  19. At point P
sphere at point C

2
ﬂ:mgcosG ...(d)
r
[v = velocity of block at point C]
= v = grcos

T—mgsinG:mT

= %[vg +2gh]

or 2mg — mgsinf= % [v% + 2gl sin 0]

52 +2g x 2sin O

Further, v = v(z] +2gh or 2g — gsinf = 2
=03 +2gr(1-cos6) ...(ii) _ ' 1
Comparing Egs. (i) and (ii), Solving, sin 8 = 4
v2 +2gr(1-cos6) = grcos O i e stin’l(l)
or (0.5/gr)* +2gr(1-cos®) = grcos9 ’
i+2(1—cose) =cos 0
ie., 0= cos"l(ﬁ)
4
mv®
18. T — mgcos6 =
r
5
4
0
3
e cosez§
V ,\ mg cos 6 5 9
m9 T+mgcose=mv
2 r
mv
2.5mg—mgcose—7 At6=cos’1%
2
v _
a,=—=25- 5v3 ms™ T is just zero.
d mv?
a, = gsinf=5ms™> mg cos 6=
Thus, ap = \/(ac)2 +(a,)? ie,. v? =5gcosH
= 25 -5V3)% + (57 =30
: v=>542ms™!

- \/625 +75+25-10J3 The height (H) to which the particle will
= 26.60 m/s? rise further.



=vzsinze= 30 XE
2g 2x10 25
=%=0.96m
25
2
21. (a)N=ﬂ=m@=8mg
R R

¥ =0 +2.g4R
=8gR

H

4R

h=5R‘L

-z

mg

Objective Questions (Level 1)
Single Correct Option
1. (a) As the speed (v) is increasing uniformly
the 2magnitude of centripetal acceleration

v ) . . :
= — | will also keep on increasing besides
r

its direction as usual.

b)v =kt (k = constant)
dv
av _
dt

i.e., at = k

Although the magnitude of the tangential
acceleration will remain constant but its
direction will keep on changing as the
direction of velocity would be changing.

(c) v=Fkt
Rw =kt
w:%t
(B’ = = = constant)
R
do _ X
dt

o = constant.

As the direction of o (angular acceleration)
is perpendicular to the plane of rotation of
the body, it will remain constant both in
magnitude and direction.

Option (c) is correct.
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F =,/N? + (mg)?
=,/64 m2g2 + m2g2
=65 mg

’2

b) N’ +mg=""

mg + mg = %Zg (' —2R)

or 2R =2(h’ - 2R)
ie., h'=3R

2. Ip,l=1py = mv

P2 -
5
—p; 17:7~; NP2
g — 1 —P1 N
/// Ap : = // \\
’ 1 P,/ (N
4 | 7 A P
/ | Comas
| EAONTIE
v, | l
\ P2 1
AB) w, : /
_p1 : //
\\ | o~ //
\\\\~ : pz”//
B _—)
AB) P1
_ . 1°
6 =45°, |Ap|:2mvs1n22§
=0.765 mv
06=90°, IA_>pI=2mvsin 45°
=1.414 mv
0=180°,|Ap|=2muvsin90°
=2muv (max)
0=270°, | Ap|=2muvsin 135°
=1.414 mv
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0 =360°, | Ap | = 2 muv sin 180°

=0 (min)
Option (c) is correct.

4
7

3.
PEnax = mgh = mgl (1 — cos)
KE=0
~KE .« =mgl(l-cos6) [asherePE=0]
Option (c) is correct.
4,
B
> V2=12+2(-g)(2)
OB = OA: \\\ = 4gl — 4gl
NS
— \\
! 1
Light O\ !
rigid | I
rod | )/
1
1

:_4;u=@
=4gl—4gl
=0
If the mass m is given velocity u (= \/4gl) at

point A it will complete circle to reach point
B (the highest point) with zero velocity.

[If in place of light rod these is light string
the minimum value of u at A for the mass
to reach point B will be \/@ and the
minimum velocity at B will be \/Q N

5. As explained in question 4 speed at lowest

point
u = +/5gl
At the lowest point
2
T - mg ="
_ mbgl
l
=b5mg
= T=6mg

Option (d) is correct.

. Normal acceleration

= Tangential acceleration

2

% -2

7= 5(ms™)
. v=10cms™ (-R=20cm)
Using, v=0+5¢t

10=5¢
= t=2s

Option (b) is correct.

. Mass =2rn kg

.. Mass per unit length =

Am = i rAD = A0
0.25
-1 kg’m’1
0.25
® =300V
min
300 x 2n rad
60s
=10r rads™
From figure
2T cos (1802—A9) =(Am) ro®
or 2T sin % =(Am) ro’
or 2TA?9=(Am) ro?
or T AO = (AB) re?
or T=rw?

21 kg
21(0.25) m

(-r=0.25

=0.25 x (10n)?

= 250N

Option (d) is correct.

. Maximum speed of car = /ugr

=,/0.3 x 10 x 300

=30m/s

(- m? = 10)



:30x%km/h

=108 km/h
Option (c) is correct.
9. T'sin 0 = mro® = m(I sin 0) >

and

Option (d) is correct.
10. From above question no. 9.
t = mlo?
= 100 x1x4? = 8 N
1000 5

Option (b) is correct.
11. o= é rads™! and R =25 cm

a, =Ro = %cms_
3

Thus, o, =0+at

:1><2
3

9\2
ay =Rw? :25><(§) cms

Thus, a,e = ay +a; = /% cm

2

[-t=2s]

-2

S—2
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Frictional force = ma,

=0.36x 1073 kg x V7325 x 1072 ms 2
=324 uN
Option (a) is correct.
12. At the lowermost point
LLLL,
!
T u=0
AR O f’
i—vz =2gh
mg
2
T-mg= mlv
or T = mfzgh +mg
=mg (1 + 211)
l
Option (d) is correct.
13. w, = 2?“ rad min~!
I// SN \\\
! / N A \
L)
\ N Vs Vi
\\ ~_ -7 //

N~

and g =2rnrad min™

Wpy =0g — O
= (ZTI: - 2:) rad min !

= %t rad min!

Time required for B to complete one
revolution w.r.t. A

21 3
= = —min
47/3 2
=1.5min

Option (c) is correct.



150 ' Mechanics-1

14. Let all the particles meet at time ¢

.. Distance travelled by Bin ¢ second :

(seconds)
B 25 ms Distance travelled by C in ¢ second
P o =2.5¢:2t
7 1 N
I,’ ! \\ =5:4
J/ : \ Option (c) is correct.
Aef------ - } sC
1 ms\ ; 2ms™
\ /
\ 7/
\\ //
JEE Corner
Assertion and Reason
1. For stopping car : |B_1))| 03
. d
Maximum retardation Le., laay = ; = P
_ Maximum frictional force AB AB
B —
m AB
_UN _umg _ Now, [Val= ABI_Ev2
“m  om ne AB tAB
v* =u” +2as || = vy2 = o (angular velocity)
0% =v® +(2)(- 2“ g)d [~ Initial velocity = v] [Vavl R2

_ 1%
2ug

For circular turn of car :

Centripetal force

= Maximum frictional force =y mg
2

mv® W mg
d/
o2
i.e,saferadius=d'=— =d’ =2d

ug

Thus, Assertion and Reason are both
correct and Reason is the correct
explanation of the Assertion.

Option (a) is correct.

- -
- Vp—V
2 aav:BiA
tAB
N
ve_ B
N
Va
A

Thus, assertion is correct.

In circular motion, when speed is
constant, the angular velocity will
obviously be constant; but this reason does
not lead to the result as explained.

Option (b) is correct.

. A frame moving in a circle with constant

speed can never be an inertial frame as
the frame is not moving with constant
velocity (due to change in direction).
Reason that the frame is having constant
acceleration is false.

Option (c) is correct.

. If speed is constant angle between vanda

will always be 90°




- 2 _
5. v=21ims

If speed is increasing angle 6 between v
and a will be less than 90°.

v-a will be positive.

If speed is decreasing angle between v and
a will be greater than 90°.

- = . .
v - a will be negative.
Assertion is correct.
- -
Reason w-v=0 as both are

perpendicular to each other.

Reason is also true but not the correct
explanation of the assertion.

Option (b) is correct.
1
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= R=U—
aC
2
=Q=2m
2
a_;:—/i\ms‘2

. . — . .
Speed is decreasing (as a, is —ive) at a

rate of 1 ms™! per second i.e., 1 ms~2.

Both Assertion and the Reason are correct
but reason has nothing to do with the
assertion.

Option (b) is correct.

—

- -
. a=a, +a, (Reason)

A
- _=
ar=g
2
1%
la]=,—+g°
r
- .
= |a|> g (Assertion)

We see that both Assertion and the
Reason are correct and the reason is the
correct explanation of assertion.

Option (a) is correct.

. At points A and C The bob is
momentarily at rest.
Ag \C

— B —

9 [¢)
ie., v =0 (Reason)

2
- v
Iac | = E = 0

but net acceleration is not zero (see figure)
i.e., Assertion is false.

.. Option (d) is correct.
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8.

10.

v (speed) = 4t — 12

For #<3 (time unit) speed is negative,
which can’t describe a motion. Thus,
assertion is correct.

As speed can be changed linearly with
time, the reason is false.

Option (c) is correct.

In circular motion the acceleration
changes regularly where as in projectile
motion it is constant. Thus, in circular

. ' - - - .
motion we can't apply v = u + a ¢t directly,
whereas in projectile motion we can say

reason that in circular motion gravity has
no role is wrong.

Option (c) is correct.
N =mgcos6

Therefore, assertion is wrong.

Particle performs circular motion due to

Nsin6

mv2

= Nsin0
r

Objective Questions (Level 2)
Single Correct Option

1.

KE G mv2) = Change in PE E k(Ax)2:|

Ax = Length of spring (Collar at B)
— Length of spring (Collar at A)

=J(7+5°+5 m-Tm=6m

Thus, 1o =1 x200x6
2 2
v? = 3600
2
. Normal reaction = mv_

r
:2><36OO:1440N

ie.,

Option (a) is correct.

11.

Ncos® is balanced by mg (weight of
particle).

Acceleration is not along the surface of the
funnel. It is along the centre O of the
circle. Thus, reason is true.

Option (d) is correct.

2

Centripetal force (mv] =N +mg
r

i.e., Centripetal force (reason ) > wt(mg) of
water

for N=0v= \/5

If at the top of the circular pathv > \/5
i.e., if bucket moved fast, the water will
not fall (Assertion).

As assertion and reason both are true and

reason is the correct explanation of the
assertion of the option would be (a).

The particle will remain in equilibrium till
o is constant. Any change in the value of ®
will displace the particle up (if ® increase)
and down (if ® decreases). Thus, the
equilibrium is unstable.

Option (b) is correct.
Centripetal force =1 mg

or mro® = mg
or 5—am2 =ug
4
or o = 4g (as = 1)
15a 3

Option (d) is correct.



4. Acceleration at B = Acceleration at A

2

A gsin6
r
2gr(1-
or M = gSIH e
r
or 2(1—-cos0)=sinb
or [2(1-cos®)F =1-cos?6
or (5¢c0s0-3)(cos®6-1)=0
Ascos0=1,1i.e,6=0°1is not possible.
cosO=—
5
ie., 0 =cos"1§
5

Option (c) is correct.

. At point P (for the circular motion)

2
mgcosG—Nzﬂ
R

If at point P skier leaves the hemisphere.

N=0
mgcose—m—vz
R

m R
or mgcos0=—2g|h+—
gooso =g+ %)

m R
or cosO=—2g|R(1—-cosb)+—
mg R g|: ( ) 4]

= cos6=2[(1—COS9)+i}
ie., 0=cos! é
6

Option (c) is correct.

6. Velocity at B

v=42gh

= \/ZgR (cos 6y —cos 0;)

= \/2gR (cos37° — cos53°)
4 3
= logr[2-2
¢ (3 5)
2gR
5

For the circular motion at B, when block

just leaves the track
2

v
—=gcosb,
1
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v? 2R
or 1= =
gcos0y, 5Hcosby
2R
5-cos37°
_ 2R
(3)
5
_E
2
Option (c) is correct.
2
7. mgcos 6 = my
42+2.g.9
or gcosf= 4
a
g-— u+2-g e
or g 4 _ 4
a a
3 2 a
or —a=u"+2g—
g 4 g 4
= u=%E
2
Option (c) is correct.
8. L
roor
= u=2
Jr
Momentum = mv
_2m
NG
9. N cos 6 = mro?

and Nsin0=mg

N =m./g* + Po*

el (]

=10,[10* + (0.5
1.5a
=128 N
Option (b) is correct.
10. 0=t + %(xtz

1
=|:0)0 +§OLt]t



154 = Mechanics-1
v 1 1 2 (47:R)
=l=+Z]-=. t
R 2\ R 4nR v
:[K_L] 4R
R 2R] v
=4n

=2rev.
1. H:%gT2

EE—

= T = ﬁ
8
w0=2F_on | &
T 2H
=T 2£
H

12. ® (minute hand) = 2
3600
21 -1

o (second hand) = 60 rads

For second hand to meet minute hand for
the first time.

21 + Angle moved by minute hand in ¢

second
=Angle moved by second hand in ¢ second
2n 2n
or 2m+ t=—1t
3600 60
_t ot
60 3600
t 59
= — X —
60 60
3600
= t=——s
59

Option (d) is correct.
13. (PR +(QR) = (PQ)*
Wy 2P + vy -2? =30°
V4 +up =225 ()

14.

30m
Further, i—R =cos 30°
vy-2_V3
30 2
= v, =7.5/3 ms™"

Substituting value of v, in Eq. (i),

vp =75 ms™!

va

mgcos®— N =
r

When breaks off N =0
2

mu
mgcos=——
r

|

]

I

U Acceleration
i " =gsin®

2gr (1 - cos 0)

or gcosb=
r
3
\5
0
2

or cos0=2(1-cos0)

2
or cosO=—

3

Acceleration of particle when it leaves
sphere

=gsin0

_&h

B
Option (b) is correct.



15.

16.

For minimum velocity (v) :
tan®=tan 45° =1

p=1 (given)
As u=tan®
0 is the angle of repose.
N cos 6

Therefore, the automobile will be at the
point of slipping when its velocity is zero

For maximum velocity (v”)
2

Nsin®+u Ncos8= mo
r
Also Ncos®=mg +1 Nsin®
ie., N(cos6 —psin6) = mg ...(i1)

Dividing Eq. (i) by Eq. (ii),

sin®+pcos® v

cosO —usin® - gr
Now, as0=45°andpu =1
U, = oo
Option (d) is correct.

For the particle to just complete the circle

the value of
u=,5gR

Particle's velocity (v) when it is at B i.e.,
when its velocity is vertical would be given
by the relation

v =u? +2(- )R
=5gR - 2gR
=3gR

At B:

17.
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ap=8
Onet = \/ag + a%‘
=38’ + g* = gJ10

Option (a) s correct.
2

N =mrw
and uN =mg -
ro
= 10 5 :0_ mg
0.2(5)

Option (c) is correct.

18. v =, %

19.

_ [10x200x075
15

=31.62 m/s

At point A : Velocity is zero and as such its
vertical component will also be zero.

At point B Velocity is completely
horizontal and as such its vertical
component will again be zero.

A T

T
1
\

In figure, TP = Rcos ©
At point P :
v2 =2g (Rcos 6)
v= \/ZgiRcosl/2 0
v, =vsin®= \/ngRcosl/2 sin 6
Forv, to be maximum

%UL =0
ie., die 28R c0s’?0sin0 =0
or cos¥? B cos B + %cos_l/2 6(—sinB)sin® =0
sin? 0
or cosem—zﬁezo
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20.
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or 2c0s% 0 -sin®0=0
or 3cos’0=1
1
or f=cos 1 ——
V3
Option (b) is correct.
At any time
a;,=a,
. dv v*
ie., — ==
dt R
J.v’zdv = jﬂ +k
R
-2+1
ie., v -t +k
-2+1 R
or S +k
v R
Att=0,v=v, (given)
_ i — 2 + k
v, R
ie., k=- l
Vo
Thus, NN
v R v,
1 tvy—-R
or —=
v Ruv,
or u= _Boy
R -ty
R -ty
. dae Vo
ie., —_— =
dt R-tv,
or do=—"0 gy
R -ty
J-27t b = T 2 dt
or 21 = — [log, (R — tvy)]}
=log, R —log, (R — Tv,)
R-Tv
or log, = TO =-2n
or 1- zvo =e 2"
r
or r-Eq e
Vo

Option (c) is correct.

21. At highest point B

B
u
A
2
T+mg= %
(where v =velocity at point B)
Thus, T=0
2
if mg = mo
l
ie., vt =gl

If u = velocity at the lowest point A
v =u? +2(-g)(Q2D)

or gl=u®—-4gh
= u? =5gl
ie., u=./5gl

(IfT=0Ta=0)
Option (b) is correct.

22. For any value of u at the lowest point both

'f‘ and a will be towards the centre of the
circle and thus

oo
T a will be positive.
Option (d) is correct.
23. Change in PE of the system




24. Decrease in KE = Increase in PE

. 1 5, (M )
ie., “mu‘=|—+m|gl
2 2

.. Initial speed given to ball,
(M + ZmJ
u=_||———|4gl
m

25. Maximum and minimum velocities will be
respectively at the lowest and the highest

points.
(Min. velocity)
Ve———e - _
/// N
4 \
/ \
/ \
! 1
L4 1
l I
\ /
\ /
\ 7
(0] Y b4

u
(Max. velocity)

v =u? +2(-g)2L
=u® - 4gl

More than One Correct Options

1. At point C :
ar=0
Vimin ,_A -7;
/. %c(min/)/ N ar=9gsin6
! 1 &
7 v \
{ o :C
\ : l ar=g
\\ 1 /I
. agmax) /g
N 7

~ _-

Vimax Dlar= 0

a; is maximum and e, is somewhere
between maximum value (at D) and
minimum value (at A).

.. Option (b) is correct.
At point D :
a, is maximum while be @, is minimum.
.. Option (d) is correct.
2. At point B:

T+mg=mv

26.

27.
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=2v) —4gL  (-u=2v)
or 3v? = 4gL

ie., v=égL=21}é
3 3

Option (b) is correct.

u:2v:41&
3

.. KE at the lowermost position = % mu®

_ 8mgL
3

Let o= velocity of the particle when
moving downwards.
o® =v® +2gL
_4gl

=" +2gl
3 8

\ 3

Option (a) is correct.

v' B
//’ \\\
Va T Ny
’
/ mg %
! 1 \
|' | \
|
‘\ T\l 1
1 /
\\ \ \/
\ | v
S
3V
mv/Z
or 2mg + mg = ]
or v? =3gl

ie., v’ =,3gl

Option (d) is correct.

Now, v =v"? +2g (2D
v? =3gl +4gl
=7gl

ie., v=,7gl

Option (b) is correct.
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3. Nsino=mg

ie.,

or

If o is increase r will also increase and as
such T will increase.

Option (c) is correct.

2
T —9n htan® o
\ &

Thus, if 4 is increase, T will increase.
Option (a) is correct.
Match the Columns

1. At point B:
v? =u? - 2gl

=12gl — 2gl
le, v= \/@

=J/10x10x 1

=10ms™!
(a) = (p).
Acceleration of bob :

a, = ﬁ = 10g =100 ms 2
l 1

ap=g8= 10ms™

anet = \/ ag + a%’
=,/100% + 10> ms2
(b) = (s).

Tension in string :
T mle _1x100

=100N

. Particle can’t have uniform motion

because of change in direction of motion
i.e., its velocity value. [Option (a)]

Particle can’t have uniformly accelerated
motion as acceleration changes direction
even if speed is constant. [Option (b)]

Particle can’t have not force equal to zero
as centripetal force would be required for
the circular motion. [Option (c)]

. For this see figure in answer 3.

If  is increased N cos o will increase.

Thus, N will increase (as o is constant)
[Option (b)]

And as such net force
= |N? + m?g® + 2N cos (90° + )

on the block will increase.
.. Option (a) is correct.

As N increases, the value of Nsina
(acting opposite to mg) will increase and
the block will upwards i.e., A will increase.

() — ().
Tangential acceleration of bob :
ap=g=10ms™

(d) — (p).

.v=2¢

v _,
dt

ie,a=2 ms 2

Att=1s:v=2ms™!

U2 22 )
a,=—=—=2ms
r
_ -2
ap =2ms

et = J22 +22 =22 ms™2

Angle between ane and v = 45°

[Asa, =a;]



(@a-v=lallvlcos 45°
etV
= dnet \/5
1
=2/2.9—
V2
= 4 unit.
Thus, (a) — ().
(b)|a x®|=1v|o|sin 90°
[® will be perpendicular to the plane of
circle]

= Qpet®
v

net _
r

2
=2\/§.ﬁ

=22 unit
Thus, (b) — (p)

- - - .
(c) v-® = | v||o|sin 90°

=a

v
=V =0V-—

r
_©?
2
=2 unit
Thus, (¢) — (q)

(d|vxal=|vllalsin 45°

1
=V 0npet - E
=4 unit
Thus, (d) — (r)

2
. N1:M|:g_vh:|
2 ra

On increase v, the value of N; will
decrease.
Thus, (a) — (q).

2
N2 = M[g + Uh:|
2 ra

On increasing v, the value of N, will
increase.
= (b) - (@).

As the centripetal force (F) would be
provided by the frictional force (f)
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F=f
ie., E =1

f
s(e)— ().

If v is increased F will increase which will
automatically increase the value of f.

s (d) — (p).

. Speed of particle is constant

S IvE

la|= -

[r|
Cop oy = W rCar
(37 + (-4

2
J36+ 0% = 16;0‘ )

(A TF-v=Ir|lVvicos90° =0

ie., (3i-4)-41-aj=0
12+4a =0
a=-3
s(a) = (9).

(B) Substituting value of a (= -3) in Eq. (i)

36+ % =5

36+ 0> =25
b=./25-236
= (b) = (s).
©)r=31-4j
r=|r|=5
= ()= ().
(D)(vxa)=1vllalsin90° k
=|vilalk
Thus, ¥ - (v X a)
= ¢ vllalk

A

Bi-4)-Ivlilalk=0

n

lasi- k=03 k=0]
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5. (A) As speed is constant

Average speed =1 ms™*

N

V2 B
- \\
- | . e d
V1 7 ! NERZ'
4 AV ' m, \Y
/ 1 mg \
4 1
§ |
| —————
! 1A
A /
A /

A ’

h ’

- -

~(a)—> (s)

(B) Modulus of average velocity = AB

AB

R2 RV2 242

~ ABarc R 1 I
speed 2
= (b)— (@)

(C) Modulus of average acceleration
= Iz?c | [as speed is constant]
vy Vil AV uy2

tAB tAB g R

2
1 2
=v2[vv=1ms "~ and R =—]
T

s(e)— (1)



1. If a body

increasing !

Centre of Mass, Conservation

8

of Linear Momentum, Impulse

and Collision

Introductory Exercise 8.1

is placed in a uniform
gravitational field, the CG of the body
coincides with the CM of the body.

n —
m; r,
- =1 vt
ey =%
z m,
i=1
n -
X mg;r;
. - i=1
while Yoy =—p
X m;g;
i=1

If a body is placed in a uniformly
increasing gravitational field (E) in the

upward direction the CG of the body will
be higher level than the CM. And, if the
body is placed in a uniformly decreasing
gravitational field in the upward direction
the CG will be at a lower level the CM.

g g

decreasing !

CG shifts from CM according to the
magnitude and direction of the
gravitational field (by some other agency
eg, earth) in which the body is placed.

In zero gravitational field CG has no
meaning while CM still exists, as usual.

2.

o @

The centre of mass of a rigid body may lie
inside, on the surface and even outside the
body. The CM of a solid uniform sphere is
at its centre. The CM of a solid ring is at
the centre of the ring which lies outside
the mass of the body thus, the statement
is false. (For further details see answer to
1 Assertion and Reason JEE corner).
Centre of mass always lies on the axis of
symmetry of the body, if it exists. The
statement is thus true.

Statement is true.

As more mass is towards base.

Distance < L.
4

If two equal masses are kept at
co-ordinates (R, 0) and (—R, 0), then their
centre of mass will lie at origin.

3 kg (112, 1312)
[}
]
]
[}
[}
]
]
i
:
1kg 2kg
(0,0) (1,0)
X = m X, + myX,
M mq + my
y. =Myt My,
M my + my

r=yXay + You

= Distance of centre of mass from A
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8. y

Y. - Ay — Ayyy

()
A - A
9. A =4d’,x,=a,y,=a
3a 3a
A =a2,x =—, Y = —
2 2 9 Yo 9

Introductory Exercise 8.2

1. Method 1
1kg t=0s 2 kg
At — X «—(10 — x)—=¢
(dos ! cM () :
I I I
! ! 1x=2(10—:x)
JALE=0s; = x=Dcm i
1 1 3 1
I I I
1kg 2kg |
7T—-y—»
t=1s CM (f) —>t1=r:lns<—

I
‘<2 m»* y

1ly=2(7T-y)

14
= y:?cm

Displacement of CM
= Position of CM (f) — Position of CM (i)
=(y+2)-(x)
(0 (2)
3 3
=0
Method 2
M vy = myvy + myvy
=1(2ms™) +2(-1ms™)
=0

As velocity of CM is zero, there will not be
any change in the position of the CM.

mgsin60° — T = ma

T — mgsin 30° = ma
Adding above equations,
mg (sin 60° — sin 30°) =2ma

e
4

31 and 5)2 are at right angle

Aoy = ==(a; +a,)

CcM om 11 @

or la |=i=@
CM \/5 4\/5

()
(i)
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Introductory Exercise 8.3

20v +60(+3)

1. vy = 0
YeM = 901 60

60 kg _tve

20 kg
—
v R
% 3mi/s
20 kg
60 kg

[As there is no force along horizontal
direction].

= Velocity of trolley (v) = — 9 ms ™
Total energy produced by man
=KE of man + KE of trolley

=%><60><32+%><20><(—9)2=1.08kJ

. On streching and then releasing the
spring the restoring force on each block at
instant will be same (according to
Newton’s 3rd law of motion). Now, as force
is same momentum p of each block will
also be same (At being same) [As according
to Newton’s second law of motion rate of
change of momentum of a body is directly
proportional to the net force applied on
the body.]

2

Now, as KE = p—,
2m

KE of blocks at any instant will be

inversely proportional to their respective

masses.

. As no external force acts on the system of
particles, the velocity of CM shall not
change. Thus,

y
20 cms™
30g
. 20 cms™
i
M) X
~ \./

20 cms™! ot 20g

20x201+30x201+40x20k

YoM = 20+ 30 + 40
/\y ~
(10i +|20k) cms™"
309
J /\Rest
fl\ N
7 'Iz 209
V4
b _20x0+30(101 +20K) + 40V
oM 20 + 30 + 40

3001 + 600 j+ 40k = 4001 + 600 j+ 800k
- 40v =100 i+ 6007 + 200k

ie., v=(25i+15j+5k) cms™

. Velocity of projectile at the highest point

before explosion = 102 1ms ™

> V=102 1
20 , T~
1 \\\
I 1 ~
50! : AN
1"20 cos 45° X
=10V2 ms™’ Ri2

As no extra external force would be acting
during explosion, the velocity of CM will

not change
m m -
—.0+—=v A
2 2 _q1042}
m
- v=20121

Range of rest half part = g X2

(as the velocity of the projectile has
doubled at the highest point)
2

u

=R=— (aso = 45°)
8

20
==

40m
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Therefore, the rest half part will land at a
distance of (40 + g) m i.e., 60 m from the

point of projection.

(40)7 + (202
=+2000 ms™’

Horizontal velocity = Initial horizontal
velocity
=202 cos 45° ms ™!
=20ms™
Vertical velocity
=20+/2sin45° - g-1 (ast=1s)

=70ms™!

5
.. v (velocity of projectile at point Pi.e., at
t = 15 just before explosion)

=201+10]
Now, as the projectile breaks up into two
equal parts and one part comes to rest, the

velocity of other half part after explosion
will be

u=2v=401+20jms™"

Angle of projection (o) of 2nd half part
after explosion at point P.

_ _1[ 20
o = tan [4—0] N 1
= tan‘l[l}
2 2
sino = i
NG

Maximum height attained by second half
part

= Height of point P + Extra maximum
height attained
by second half part

2 2
:|:20><1—1g><12:|+(\/2000) sin® o
2 28
=15+ 2000 ><1
2x10 5
=15+20
=35m

6. Momentum of platform + boy + stone
along x-axis after throwing stone = before

throwing stone
(60 + 40)v + I(IOL) =0

V2
5N2
= vV=—-——ms
100
60 kg 10 ms™’
AR IS X
O O + 1kg

— 10 cmi=—

kg
T=12s

2x10sin 45°

Time of flight of stone 2s
g
. Horizontal displacement of platform
(+ boy)
=vT
= 5I X /2= ——m——lOcm
100 10

7. Thrust due to the upward component of
the velocity of the bullet will rotate the
movable end of the barrel and thus the
bullet leaving the barrel will travelling at
an angle greater than 45° when it comes
out of the barrel.

Bullet

Bullet — 0 = 45°
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Introductory Exercise 8.4

. To just lift rocket off the launching pad
Thrust force = Weight

or v (— dm) =mg
dt

or (_ dm) _mg
dt v

_ (20+180)x9.8
1.6 x 10°
=1.225kgs™
(i) Rate of consumption of fuel = 2 kgs™*

.. Time required for the consumption of fuel
180 k
r= 180ke g5
2 kgs

Ultimate speed gained by rocket
v=u-gt+vlog, (ﬂ) ...(3)
m

Substitutingz = 0,v = 1.6 kms ™,

mgy =(20 + 180) kg and m =20kg in Eq. (i).

v=—9.8><90+1.6><1031n(%0)

=2.8kms™!
(iii) Rate of consumption of fuel = 20 kgs ™!

_ 1801{,%1 _9s
20 kgs
ie, v=-98 x9+1.6x103ln@
20
=3.6kms™!
Mass at timet,m =my — ¢
dm _ _
dt
ma = thrust force — mg
or ma—v(—dm)—mg
dt
or ma=Uv—mg
d*x
or(m, —ut)ﬁﬂxu—(mo —ubg C-v=uw

3. v:u—gt+vln(@)
m

Introductory Exercise 8.5

.u(att=08)=(10v31+10j)ms™!
20 m/s

60°

Att=1s

Horizontal velocity = 10/3 ims™

Vertical velocity =(10—- g - 1) 3 ms !
=0 3 ms~!

v=103ims™’

Change in velocity, A v=v-u

=(10¥3)1-(10v31+10)

2.

=0-gt+uln— "0 ;
(1)
3
:—g1+uln§ (att=1s)
—uln§—g
2
Impulse(j) imparted

= Change in momentum in the time
interval

t=0stot=2s
=m [(Velocity at ¢t =2 s)

— (Velocity at t =0 s)]
=2kg[(4i+4)Pms - (4))ms™]
=81Ns (-1kgms™' =1Ns)
Spring will become taut when the_ball
would go down by 2 m.

v =u? +2x g x2

or v=2/10 ms™
Ap =m Av
=1(24/10 - 0) kgms !

=210 kg ms™! J 2m

-. Impulse imparted = 24/10 Ns. o) ¢
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Introductory Exercise 8.6

1. At maximum extension of the spring both
blocks will move with same velocity v.

+ive
—
1.0 ms™ 2.0ms™’

3 kg —MWWWW— 6 kg

(-1.0)x3+(+2.00x6=(3 +6)v
= v=+1m/s
Applying law  of
mechanical energy

conservation of

3 ile@z=toxz+ 12
2 2 2 k
Substituting % = 200 Nm
x=0.3m =30cm

2. Kinetic energy of particle = K

= “mv? =K
2

v Rest _V>
During collision the EPE of the system
would be at its maximum value when both

the particles move with same velocity V
given by the relation

mv+mx0=(m+m)V
(Law of conservation of momentum)

= v=C
2

_1 2K
2\ m
Applying law  of

mechanical energy
K+0= %(m +m)V? +EPE,,,

conservation of

or K =mV? + EPE

or K =m~i(2K)+EPEmaX

max

m

or EPE ==

3. Let us consider the following case
v vi=0 Vo'

V-
— — — —1>
m;—m 2m.
vy’ = ¥v2+ 72,)1
m; + my my + my
m;—m
=¥v2

A K (Transfer of KE of particle of mass
my)

(asv; =0)

1 2
PUCAD my Vg
2
1 1 ’
m;—m
= m2U§ 7m2 1 2U
2 2 my + my

From above we conclude that A K will be
maximum when
my—mgy =0
ie., M2 1
my

4. Continuing from the previous answer

2
AK_l_ m; — my
K my + my

_ (my + m2)2 —(m, - m2)2

2
(m; + my)
_ Amm,
- 2
(my + my)

5. Substituting m, =m and m; =2m in the
result of the previous question no. 4.

u Rest
AK 4(2m)(m)
K ©@2m+m)?
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6. As the collision is elastic

Rest v1
m —
Ul =
my + mz
and Vg =U; +U
L UL Y
m; + my
_ 2my
(my + my)
Before first collision of B with C
A B C
14
()~
Rest
After collision of B with C
m— 4m
g =
m + 4m
3
=——v
3 2
and Vo, =——V+U==0
1 5 5

Before second collision of Bwith A

0@0*

Rest
v _m—4m(_§v)
B m+4am 5
9
=—v
25

9 3 6
Uy, =——UV+|[-—v|=——v
2 25 ( 5) 25

After second collision : of Bwith A
A B

6 9

25 = — 25"

no further collision will take place.

c
m) ~ 5

As velocity of C is greater than that of B,

Total number collisions between the
balls =

’ my —my 2m,

'UZ_ + Ul

Uy
my; + my my + my

V2 V4 2 4]
—_— —_— —_— e
@ e @ @ Mo @

Elastic collision
m,; —m 2m
vj =1 2 v, + 2y,
mq + my my + my

We see that v’y #v; and v’y # vy.
However, if m; = m,

vy =vand v’ =vy
Ans. No.

. In elastic collision of two bodies of equal

masses, the velocities get interchanged.
Before collision of A with B
velocity of A = +v
velocity of B = zero
Therefore, after collision of A with B
velocity of A = zero
velocity of B=+v
After collision of B with wall
velocity of B=—-v
Before collision of B with A
velocity of A = zero
velocity of B=-v
Therefore, after collision of B with A
velocity of A = —v
velocity of B = zero

Now, no more collision will take place as A
will move towards left with speed v
leaving B at rest to its right side.

Thus, we see that speeds of the balls
remains unchanged after all the possible
collisions have taken place.
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Introductory Exercise 8.7

1. Applying law of conservation of S Upip =2m/s
momentum Upax =2V2m /s
v Rest v 3. A(m) hitting B(2m)

@
°®
>® y
o@er

, 2v
mv=mv' +m-—
3
. , U
ie., vi=—
3
_ velocity of separation
velocity of approach
2v v’ 2v v A collision is elastic
3 _3 3_1 o= 2m) 2
v=-0 v 3 B om+m 3
1+e l1-e m —2m v
2. v, = dv), = and Vy=—""—"U=——
v’y ( 2 )van v ( 2 )v AT o m 3
v Rest V2 o . Velocity of Bw.r.t. A=vgy —v,
=—pDD—-—|——\|=0V
® ®@ ©® © 2, ()
A B A B 3\ 3
Before collision After collision . Next collision between the balls will
KE after collision =0.2J (given) take place after time
1 ’2 1 ’2 27‘5 r
—mvy +=-=mv7 =0.2 t=—-
2 2 v
or vi+vi=4 (:m=0.1kg) 4. As collision is elastic
2 2 . ,
or (I;e) v2+(1;e) =4 P Rest 2 Y
. ® © ©® O
or Y (2+22) =4 A B A B
4 Before collision After collision
Extreme cases vl = (1 -e ) P
5 =
If collision is perfectly in elastici.e.,e=0 2 )m

ﬁ @) =4 Now, Momentum of A before impact
4 — Impulse given by Bon A
ie., v=2J2m/s = Momentum of A after impact.
If collision is perfectly elastici.e.,e=1 sop—dJ =mvy
v - or -J=m (1 _ e) ya
Z(2 +2)=4 p 2 |Im
ie., v=2m/s or ezg—l

p
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Introductory Exercise 8.8

1. ypsina =vcos(a +f)

vy cos o = sin (o + B) (Impact being elastic)
tan o = cot(a + B)

or cotg—azcot(oc+[3)
T
or ——o=0+
2 B
T
or =——20
b 2

2. Speed after n impacts
Speed before first impact =u(= J@)
Speed before one impact = eu
Speed after 2 impacts = e(eu) = e’

Speed after n impacts = e"u

Height (H) upto which the ball rebounds

after nth rebound
B ( enu)2

_2g

3. mv+0=0+MV
—V> Rest Rest —V>
A B A B
Before collision After collision

= v=""y
M

_ Velocity of separation

B Velocity of approach

V-0
v-0
_y
v
-m
M
A
Rest
— ZPRX = 30°
ZQRX = 30°
_____C ____________ X
Rest

B

As the balls are of same size, the centres
of the balls P, @ and R will be at vertices
of an equilateral triangle when ball C just
strikes balls A and B symmetrically and
as such the balls A and B will follow the

path as shown below

v
A

_______________ X Angle Oy

Applying law of conservation of
momentum

mu = Resultant momentum of A and B
balls along the axis of X.

or mu = 2muv cos 30°
NE)

or u=2v—
2

or u=v3

As the ball C will strike ball A (and as well
as ball B) with velocity u cos 30°
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Velocity of approach of ball C towards ball A
=ucos30° -0

=ucos 30°
= u\/g

Velocity of separation of ball A away from
ballC =v
v
e=—r—

V3

ui

2
- v

(v\/g)g

_2
3

5. x-component of velocity

A
2j 45°v=2li\+23'\

Fr----
<

A
2i
before impact = 2 i

.. after impact = — 21

A
=—-x21

>N = ®

y-component of velocity

before impact = 23

.. after impact = 2 3

. Velocity after impact =—1+2]

6. At A,u =ucos0
u, =usin®
usin 6
"4 .
eusin®
o
0 1 * !
A u cos T1 B using Tz% Hy
R4 Ry
~AtB
u,=ucos
u, =eusin®
2usin 6
L__ & _1
T, 2eusin®
g
|:Using Tz%]
g
2(usin 0) (u cos 6)
R, 2(eusin®)ucos® g
g
_1
e
(usin )
T on 2
&: 72g 5 UsjngH = U
H, (eusin®) 28
2g
_1
2

AIEEE Corner

Subjective Questions (Level 1)

1.
y
Didkg  1m c
3kg
o P
(Cm)
im Tm
BZng
Al1kg 1m

~1.0+2-1+3-1+4-0

M T T 0 3+ 4
=—m
10
1.042:0+43-1+4-1
Yem = 1+2+3+4
7
=—m
10



Centre of Mass, Conservation of Linear Momentum, Impulse and Collision = 171
AP? = 22 2 5Y (7Y V.-0+|- 4 e b
=*em T Yem = 19) Tl70 3™
4, Xoy = i
=0.74 m? V- ma
- é7tc13b
_ 3
4 nR3 - é1wz3
3
3
R°-a
By symmetry yqy; =0
5. In Fig. 1, Cis CM.
na® Fig. 1 !
B 4 . - 8 —> ;
= ; na2 Fig. 2 m i o) i o 2—>|:
=T iy ¢ ‘m,
4+
mya = my(l — a) ...@)
3. Let A= f rectangl
¢ area o rslc ang’e In Fig. 2,C" is CM.
Fem e , mya+b-1)=myl—a+1l,—b)...(ii)
(g l_,): Substituting Eq. (i) in Eq. (ii),
4 41 my(b — 1) = my(ly — b)
b 10) I——)—( or mlb - mlll = mzlz - mzb
or b myl + myl,
Ala _[x dm
A0+[-A)2 6. Xy = r—
( 4) 4 M Jdm
XeMm = A dx
A+ (— 4) >~
(@) X [T
A 4 a
"7 434 4 where, dm = mass of element of length dx.
__2¢ _[xpdxA
12 |  Jpdxa
AO0+|-=— b l x?
_ 4 )4 J. X po =y dx 9
Yom = A — 0 l Cop= x )
A+(—) T 2 PP
b ) Js [po 12) -
- 12 J.é x3dx
b =
Centre of mass | — i, - )
( 12 12) [, ¥*da
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1x10+2x12
T

nwm o oum

6ms—' 1kg 2kg 4ms~!  *ive

m
34
=—m

IxX(=6)+2x(+4)
1+2 -

+ gms‘1
3

Uem =
%’ o (new position of CM)
34 (2 _1)
=—m +2s gms

38

m=12.67m

1x2(+2)+2x(-1)
1+2

8. voy =
2 kg

1 kg
T oms 1 ms™ +ive

=0ms 2
.. Displacement of CM in 1 s = 0 m.
9. Acceleration (a)=— 103 ms 2

- 5 S
v=u+at
_ (DO +@A0i+10) o
3
:(@i_ﬂj)m/s
3 3

New position vector (?‘l) of particle A
() =s, +fit+%5’t2
=(101+20)+0 +%(- 105 - 12
=101+15jm

New position vector (1_';) of particle B

r, =(20€+403)+(10%+103)-1+%(— 103 - 12

=301+45])

10.

New position of CM
v, (1) + 1, (2)

N
R:
1+2
_101+15)+601+90]
3
701 +105]j
= "m
3
mkg  8ims’! 0.10 kg
O<—3m>CM
12m
(@) 3 = m-0+0-1x12
m+0.1
= m =0.3 kg

(b) Momentum of system = Momentum of CM
=(m +0.1) kg ><63ms_1
=24 3 kg ms~!

5 v, (03)+0(0.10)

(©vey =

0.3+0.1
V=2V
m — 4 CM

=é><6jAms"
3

1

=83ms"1

1. A'et=0s
2m
B ¢ (¢t=100ms)

Position of 1st particle (A) at ¢ =300 ms
5 = % x 10 x (300 x 1073)?

=0.45m
Position of 2nd particle (B) at ¢ = 300 ms
(Bis at the position of A at ¢ = 100 ms)

Sy = % % 100 x (200 x 1073)?

=0.20m
- Position of CM = 2m *0-2+m x0.45
2m+m
=28.3 cm
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Velocity of 1st particle (A) at ¢ =300 ms
v; =10x300x 1073

=3ms™!

Velocity of 2nd particle at ¢ = 300 ms
vy =10x200x 10 ms™!
=2ms™!
2m x2+mx3

U =
M 2m +m
7 -1
=—=2.33 ms
3
o4 — my -0+ mpg-80
my+mpg
or 24(m, +0.6) =80x0.6
or m, =14kg
.. Total mass of system = 1.4 kg + 0.6 kg
=2.0kg
ey =6.08% ]

ey =12t 3 ms 2

Net force acting on system (at ¢ =3 s)
= Total mass of system X (a oy at £ =3 s)
=2.0kg x 36 jms 2

=72Nj

173

14. Let x = displacement of wedge (30 kg)

15.

towards right.

.. Displacement of block A towards right
(along x-axis) when it arrives at the

bottom of the wedge
A
5kg
30° B (50 kg) X
Q R=Xx—>
=QR —x
=0.5-x

Now, as net force on the system (wedge +
block) along x-axis is zero, the position of
CM of the system, along x-axis, will not
change

1

5(0.5-x) =30x
0.5
=—"—m

7
=71.4 mm

As no external force acts on the system,
the velocity of CM will be zero.

ie., X

ie., 0
my, +mg

. v m 2

ie., Ya__Mp_ _
Up m, 1

(a) .. Ratio of speeds = 2
(b)pA:mAvA:"u(_%J:_l
Pgp mplp Mg
9
(c)KAsz/ZmAzi><

K, p%/ZmB p%
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16. While man travels from P to @

2 o

P O m O Q

(5]
m|——VU|+mv
2 3v

U = =
oM m+m 4

Displacement of CM (along horizontal) =

Do |

.. Time taken by man to reach point @
starting from point P
L/2 2L

tpy = —— = ——
PR " 3v/4  3v
While man travels from @ to P

(2
m|—-—-v|[+mv
_ 2

m+m
_3v
4
Displacement of CM = — %

Uem

.. Time taken by man to reach point P
starting from point @
-L/2 2L

t = 0 =
@R _3p/4 3v
= Total time = tp, + ¢gp

2L 2L
= — 4+ —
3v  3v
4L
3v
. 4L
.. Net displacement of trolley = 30 XU
v
4L
3

17. (a) While the man climbs in the rope, no
extra external net force acts on the system
(balloon along with rope + man). Force
applied by man to gain velocity to climb
up is an internal force and as such the
velocity of the CM of the system will
remain stationary.

mv+(M +m)V =0

m

or V=-—"v
(M +m)

Negative sign shows that the balloon will
move downwards.

¢+ ive

V* m

(b) If the man slops climbing i.e., v=0,
then according to the above relation
the value of v will also be zero. Thus,
the balloon will also slop.

18.

*—>
m V;
! M = |_|—>V2.—>V3

muv; = Mu; + mug ...
m=4x10"3kg
M =1kg
vg =100m/s
v, =500m/s
Find v,
(a) 0=v3 —2as =v3 — 2Aug)s
v3
" s
Here §=0.30m

(b) Decrease in kinetic energy of bullet

1 2 2
==m(v] —v3)
2 1 3

e

> V3

(c¢) KE of block = %mvg

*—> v
19. 1 w=05
mo =

(m + my)v, = mu,



20.
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muv .
v2 = b (l)
m+ my

muv,

...(i1)

Common velocityvg = ———
m+my +my

For m, :v2 =12 — 2a,s, and Find s
1:U3 =0 151 1
For m,, : v2 = 2a,s, and Find s

2 *Us3 252 )

um,g _
my

Here : q; = ug

_umg
my

and as

Let v = Velocity of pendulum bob when the
pendulum is vertical
A

o

I
I
I
U I
I
I
I
|

PE=mghd ---- ]

=1m2
KE 2m
-V
KE:l
2
- |
v

V = Velocity of wagon when pendulum is
vertical

mv =MV
or v:%V
m

KE of wagon + KE of bob = PE of bob
1MV2 +%mv2 =mgh

2
2
or 1mv?iln,(My = mgh
2 2 m
or 1MV2[1+M:|:mgh
2 m
or %MVZ(M +m)=m’gh

or V2 :72m2gh
MM + m)
or 9 _2m2gl(1—cosa)
MM +m)
2m2g12sin2g
or Vie 2

MM +m)

or V:2msing gil
2\M (M + m)

. Let the track shift by x (to the right) when

the cylinder reaches the bottom of the
track.

x'+x=R-r
or x=(R-r)—x
(x” = horizontal displacement of cylinder
w.r.t. ground)

As no force would be acting along
horizontal direction, for no shift in CM
along horizontal. We would have

mx’'—Mx=0

or ml(R-r)—x]-Mx=0
or M+m)x=m(@R-r)
m@ER-r)
= x=———=
M+m

Now, as the PE of the cylinder would
change into the kinetic energies of the

(R-n)

ol
cylinder and the track we have,
mg(R 1) = %va n %MVQ (D)

where, v = velocity of cylinder
and V =velocity of track.

(when cylinder just reaches bottom of the
track)
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law  of conservation of

Applying
momentum

mv+MV =0

or v=-— 14

M
m
Thus, Eq. (i) becomes
2
mg(R -1 = 1 —MV) + Ly
2 m 2

m
Ve o 2m?g(R -1
M (M +m)

/2g(R—r)
m e —
MM +m)

No change in momentum of ball and also
that of wall along horizontal direction.
V2 m/s

or mg(R-r= %MVz [M + 1}
or

or V=

7
2m/s

2 m/s 1
! V2 m/s

509
I ’
=N\ 2 m/s 1 e

l+ive CINN :45 7
N 45°,45° /
V2 m/s \\/:'7’
L

Wall

Along perpendicular direction :
Momentum of ball after reflection

(P;)=—-50x10°y2 kgms™
Momentum of ball before reflection
(p,) = +50x 102 kgms™
AB = Bf - Bi
=-100x10%y/2 kgms™
=-0.14 kgms™
ie., IA?)I:O.M kgms™!

Momentum of wall (when ball strikes
wall)

P, =50x 107 x V2 kgms ™
Ip,1=50x 1073 x v2 kgms ™

Momentum of wall (when ball rebounds
from the wall)

23.

24.

P;=-50x10"° x 2 kgms™

Ip;1=50x 107 x V2 kgms

Change in the magnitude of the
- -
momentum of the wall = |p, |- |p, |
=0

m = (40 + 160) kg
=200 kg
v, =2km/s =2 x10° kg ™!
Rate of consumption of fuel = 4 kgs™!

.. Time (¢) required to completely brunt out

of the fuel = 160 k‘c’il =40s.
4 kgs

Ultimate vertical speed gained by the
rocket

m
=—gt+v;ln—
mg

= 10x40+2x 10° xIn 2%
40
=-400+ 3218 =2818 m/s
=2.82kms™!
When y length of rope has fallen on table

top
T
1/
¢ BAM@
//Cx/_, _\)‘_\
= Ny
dm
Fth vrelﬁ
_pam dy
dy dt
_p2adm_ o M
dy L
M
W="—
I g
Fot =W +Fy
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M M
e Fnet =7yg+027

L L
—% g+2g %
LT
M
:37
Lyg

= Weight due to 3y length of the rope.
25. Horizontal velocity of incoming sand
y

o O

v=0

Horizontal velocity of the conveyer belt

=(v) (say)=v i

- - -
Wy =V — Vg
A
=0-wd

A

=—0V1
- dm

F, = Vrel

( dm)o
= — -— 1
dt

dm

As ) > 0, the falling sand particles exert

thrust force which decelerates the

conveyer belt.

Force required to keep the belt moving

= =
F=-Fun

dm »

=v——1
dt

=(2ms ! x5kgs™) 1
=10N1

Power delivered by motor to drive belt at
2 m/s

—|F| [vI=10N x 2ms™!
—20W

26.

177

ma=F, —mg
or ma =Fy
(neglecting mg as compare to Fy; )
%)
or ma=u|-—
dt
or am =-%a
m u
or dm = j ~%ar
m u
a
or log,m=-——t+ K
u
Now,ast=0,m =m, (given)
log, my = K
Thus, log, m=- L log, m,
u
m a
or log, —=-—
m, u
_a,
or m=mge
27. u =100 ms’l, v= Omsfl, s=6cm
v? =u? + 2as
u2
= a=——
2s
(a) Now,v=u+at
po YU _2s
2s
-2
=2><6><10 —1.9ms
100

28.

(b) Impulse on log = - Change in
momentum of bullet

=—-m@0-uw)
=mu
=5x102 % 100
=0.5Ns

(c) Average force experienced by the log
_Impulse 0.5

S 1.2x1073
=416.67N

Let us consider right direction as positive.

time

Impulse of the spring on the block
= Change in momentum of block
=m(@-u)
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=3[(+ 40) - (- 50)]
=+270Ns

=270Ns (to the right)

Impulse

Average force on block = Y

2170
0.02

= 13500N
—13.5kN

29, p=mv=22ti-4)

(to the right)

dp _ ¢
dt
rd A -
or dI=41dt (where, I =Impulse)

or |
B

or I=41(2-0)

J)Izjj 4idt

=81 kg-ms™

30. mAv=F At
or m Av = Area under F-t graph

or mav =848 20000

or m Av = 240000
240000

1200
v—u=200

v=200ms™!
-1

=200 m/s

asu=0
31. vy =0y =-2ms
02 =U1/=+3m571

vi  vp'=-2ms"
—_— —_—

@ © © ®©

vy'=+3ms™’
—

—_—
+ive

(When two bodies of equal masses collide
elastically they interchange their
velocities)

32. my =1kgand my, =1kg (given)
Vo =+ 4ms™ vVi=-— 6ms v2'
—
() 140 @“g @ @
A A B
Before coII|S|on After collision
oy = (ml-sz ot (zmz},z
my + my my + my
2 1 2x1
(-6 + (4)
:—2+§
3
=+ 2 ms !
3
= %ms’1 (in + ive x direction)
vy = (m2 — ml)vz + (2m1 Jvl
m; + my my + my
1-2 2x2
(+4) + (-6
(53 [353)
3
=- 28 s1= §ms*1
3 3
(in — ive x direction).
1 1-
33. v’ = +ev2 andvy,’ = ev2
V2 vi=0 Vo' vi' = 2vp'
— — — —
D @ O
Rest
N v _ l+e
v, 1-e
1+
or 2= ¢ vy =20y")
1-e
or 2-2e=1+e
or e= 1

3
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muv = mvy + mv,

v
—_—

@

Before collision

=

Also,

or

or

or

or

or

or

or

or

® ® @

Rest

V=01 +0y

1 1

fmvf +fmv§ 3

2 - 2 ~_9
2 4

1
—mv
2
3
@ +v2) = sz

(v +vy)* — 200, = %vz

V7 =200y = %vz

After collision

15
20102 = ZU
_ Velocity of separation
Velocity of approach
e=22"0U
v-0
e=27U
v
vy — vy V'
o2 =( 2 1)
v
o2 = v% + v% — 2050,

v2

2
e2 _ (Ul + U2) - 4U1U2

2
2 2

...

or

v2—2ms

179

@ OO ®

my =3 kg

and

=2Kkg

2x%x3
= X

2+3

12

—24m

3-
"2+3
%

J

=2=04ms™
5

Distance between blocks when they stop

sliding

_ v’ 3 v’a
2ukg 2u,8
(T )
2Hkg
1 2 2
=—[(2.4)° - (0.4)°]
2%x0.3x10 y -
=§=0.933m
3
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Objective Questions (Level 1)
Single Correct Option

1.

Momentum remains conserved. Decrease
in momentum of the ball is transferred to
sand while KE does not remain conserved
as it gets used up in doing work against
friction.

net __
F, M x agy

ext —

SIEFRE =0, agy =0
ie., — Uy =0
or Uy = constant

Option (a) is correct.

The forces acting on the blocks would be
equal and opposite as per Newton's 3rd
law of motion. Acceleration of the blocks
will depend upon their masses as per
Newton’s 2nd law of motion. Accelerations

being different velocities will be unequal.
I -

Option (c) is correct.

F F

While colliding the balls will apply equal
and opposite impulsive force on each
other. Impulsive forces will change the
momentum of the balls but the total
momentum of the system of 2 balls will
remain conserved impulsive forces being
internal ones. Change in momentum of
the system will definitely be due to
external gravitational forces on the balls
but as the time of impact shall be very less
the impulsive force will over shadow the
weak gravitational force.

External force acting on the cannon shell
before explosion is the gravitational force.
Now, as no extra net external force would
be act on the shell during collision the
momentum of the system shall remain
conserved and the CM of the system (now
broken in pieces) will also keep on
following the path which the shell would
have followed had the explosion not taken
place. Further, as the explosion would
never be super-elastic, the KE of the
system can’t increase after explosion.

Option (d) is correct.

Velocity of separation _

Velocity of approach

As in an elastic collisione< 1
Velocity of separation < velocity of
approach

(when e =0, the velocity of separation in
zero and the colliding bodies do not
separate from each other.)

Further, whether the collision in elastic or
inelastic the law of conservation of
momentum always hold gord.

.. Option (d) is correct.

7.p=M VCM, Option (a) is correct.

- — — —
P=PpP;+tP tP3+...,

Option (b) is correct.

Further, we define momentum for every
type of motion.

.. Option (d) is correct.

. Let us consider a system of two masses as

shown in figure.
- -5 -
Vi Vem V2
e o o
my CM  my
Momentum of system about CM
- > — -
=my(vy = Vey) + my (Vo — Vi)
— — -
=my Vi +my Vy —(my +my) Vou
- -

Option (c) is correct.

. Option (a) If collisg)n is inelastic.

Option (b) If collision is perfectly inelastic

Option (¢) If the dimensions of the
particles —» 0

.. Option (d) would be the answer.



Centre of Mass, Conservation of Linear Momentum, Impulse and Collision = 181

10. FAt=m Av
- F:mAU
At
_ 5x(65-15)
2
=125N
11. m, xd;=m, x(d-d)
d
mg cM °m,
C<—d1—> ©
N d=—"t g
m,+m,
__ 8
8+6
7
4 _10
=?><(1.2><10 m)
=0.64x101°m
12. M x0=mv+(M -m)V
Rest v, v,
9kg 3 kg 6 kg
= V=- mn v
(m-m)
=— 3 x 16
9-3
=—-8ms!

.'.KEokagmass=%><6><(—8)2

=192J

2m.

’_ 2

13. v/ =—F—0,
my + my

Vo V4= 0 V2' V1'
—_— —_— —_— —_—
Before collision After collision

=2vy (as m; << my)

Option (b) is correct.

14. Horizontal velocity of the leaving coal :

- 2
vi=+vl

Horizontal velocity of the system
Vy=+ vl
I%Jrel = ‘?1 - ‘?2 261
= = dm
Fth = Ure] Z = 6

As, the leaving coal does not exert any
thrust force on the wagon, the speed of the
wagon won’t change.

Option (a) is correct.

15. If n be the number of bullet shots per
second

n x[change in momentum per second] < F'

ie., n [ﬂ x (1200 — O)] <144
100
or n< & or n<3
48

.. Option (a) is correct.
16. Change in momentum along x-axis

vsin 0 v
I
_T/("/ Q

v cos 6

Pi v cos 0 o 1
+ 1 I
I

y v cos 0
=m (vcos® —vcos0) =0
.. Net change in momentum
= Change in momentum along y-axis
= m[(+vsin ) — (- vsin 0)]
=2muvsin®

= mv~/2

Option (a) is correct.

(as©6=45°)

17. Velocity of ball before first impact i.e.,
when it reaches point @ of the horizontal
plane
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Peu=0

—_——————

?
I
I
I =
I
I
I
I
I
I
1

+egt

Q 1st

Ian
—eg

v=0+(g)-1=g
. Velocity of ball after 1st impact
=ev=eg
time elapsed between 1st and 2nd impact
with the horizontal plane

(+eg)=(+eg) +(—-9)t

= t=2e
= 4 s (as,e= gL)
3 3
Option (c) is correct.
J xdm J.x m dx
18. xoy = =
J. dm J mdx
— OX—
0 X X
L

(where m =mass per unit length)
Ax®
[+ -dx A
Al "L
[ “dx
L

J . x3dx

0

J()szdx

! 3
= — X —
4 1?
=2L

Option (a) is correct.

19. As there is no net external force acting on
the system in the horizontal direction, the
CM of the system shall not shift along
Xx-axis.

50 kg
450 kg
Oi CM (boat) / X
: 50 kg 10 m
i \% 450 kg /
- x CM ('boat) X
. 50x10+450x5 50x(x)+450x (x +5)
" B50+450 50 + 450
(Initially) (Finally)
= x=1m

Option (b) is correct.

20. As discussed in the answer to previous
question no. 19.

OM
0 M/3 | o
' Smooth
I
| EEM
| X —»: M3
o} o i X
Smooth
Mx + M X+ L ML + M(L
3 2 _ 3 \2
M + M M + M
3 3
(Initially) (Finally)
M
= x [M + 3] =ML
xziL
4

i.e., the distance that plank moves = %L

.. The distance that the man moves

=L- §L
4
_L
4
Option (b) is correct.
21.
Rest Rest _u»

@ G

After collision

v
—
Before collision

mv+3m-0=m-0+3mu
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v
u=—
3
_ Velocity of separation
Velocity of approach
~u-0_ u
v-0 v
_1
3

Option (d) is correct.
22, Change in momentum of A or B= mu
Rest Rest

© ® O ©

Before collision After collision

(As collision is elastic)

Impulse = Change in momentum

2
N F=2mu
)

Option (b) is correct.
23. Acceleration of block A

= E E
[A [ =wwwwww=—]B]—
F'
ao =
m
= F’ =ma,
Acceleration of block B :
F-F
ag =
m
F-ma, F
= = — — ao
m m
24,
Vg cos 37° = voé
Vo 5
+
a7 f\ X 5 /9
e éﬂ'iB
3 Y =
4 Vocos 53° 7 4
.9
20" 3,
2V

Option (c) is correct.

25.

26.

27.

Impulse on ball

= Change in momentum of ball

—( 9mv)_(+émv)
20 ° 5 0

:_*mvo
4

If a ball dropped from height A rebounds
to a height A’, then speed of ball just
before 1st impact, u = \/2gh

Just after 1st 1mpact u' = 2gh'
LR
100
=0.8
ie., KW =éeh
Height attained after nth impact
=e’"h
=(0.87" -1 (ash=1m)
=(0.8"

Option (d) is correct.

Momentum of car (+ block) before

throwing block
=Momentum of car after throwing block
+ Momentum of block

500 x 11 = (500 — 25) v + 25(20 k)

or 475v =500(1 — k)
or ;r) = @ (ﬁ - ﬁ)
19

Option (c) is correct.
While force is increasing with time
F =kt (where kis + ive constant)

or ma = kt
dv k
or —=—1
dt m
v= £ﬁ+C
m 2
kot
or v=— —
m 2
(Ifat t=0,v=0)
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28.

Thus, graph between v and ¢ would be

Yo
Graph would be
T parabolic in
nature

!

While force is decreasing with time.
F = — kt(where kis + ive constant)

= v:—£i+C’
m 2
Att=0v=v
0 , ktg
C =U0 + ——
m 2
Thus,

v=U0 +%(t3 —tz)

Thus, graph between v and ¢ would be

!

v “~«— Parabola

Vo+
i
N
g

/
I
S
|

-
=

fo t

.. Option (a) is correct.

A Ay + Ayxy
CM — A A
11 Ag
0= [n(BR)* - n R?]x, +[- nR*12R
n(3R)* - n R?
or 8t R? x, = 2nR’R or 8x, =2R
R
or X =—
4

Option (c) is correct.
_Agxy + Agxy + Agxg

29 XM =Ty A T A,
0=[n(4R)* - nR® - n R*]x,
+[-nR*13R +[- nR?1-0
or 14x; =3R
or x=—R

14
Option (d) is correct.

30. As no external force is acting along the

horizontal direction on the system (wedge
+ block). The CM of the system shall not
change along horizontal when the block
moves over the wedge but would change
along vertical as net force (= gravitational
force) is acting on the block.

Further, as no non-conservative force is
acting on the system, its total energy will
not change.

Option (d) is correct.

31.
I
1
v
—
m m m
—— M —h M 12  — Rest
v h
Rest ft Iy
Before collision Just_a_ er Final position
collision
mv =M +m)v’ ...(4)
From final position, v’ = \/2gh
From Eq. (i),
m
or v =./2gh
M+m g
or v= (1 + M) 2gh
m

32.

33.

Option (c) is correct.

As no net extra external force is acting on
the system the CM of the gun and the
bullet system remains at rest. The force
exerted by the trigger of the gun on the
bullet is an interval one.

mg -T=mua
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T - myg =mya
(my—my)g=(m;+my)a
m;—m
m;a + my (- a)
a =
cM
my; —m
_m 2,

2
m; —m
my + my
Option (b) is correct.

34. v=u—gt+vi1n@
m

or V=u+05ln o
m
(neglecting gravity as given)
or V="0y1n o (Taking u =0)
m
or v=vln "0 (asv; =v)
m
log, Mo _q
m
= o _ ol =2.718
m

Option (a) is correct.

35. Velocity of water after striking the plate
would be almost zero as then it flows
parallel to the plate.

—-—— Jet of water

Water flow

I
I
I
<
NAT2 Y

T -——

_—eeNYN,

Force exerted on plate

= — [Rate of change of momentum of
water]

[

kg
s
=0.5N

Option (c) is correct.

=0.5—2 x Ims™*
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36. Velocity of separation would be zero as the
collision is completely inelastic.

Velocity of approach = Velocity of A w.r.t.
Bor velocity of Bw.r.t. A

( . 6) ( . 9)

=(+vsin=|-|—-vsin—=

2 2
=2vsin9
2

Common velocity (V) after collision

muvcos — + mvcos—=2mV
2 2
V=vuv cosg

Option (d) is correct.
37. vsin53° =usin37°

u sin 37°
1 v cos 53°
u cos 37°y \Y : v
N 1
\\ ! v sin 53°
53° 5! _<37°
Floor
4
VX—=UX—
5
. 3
ie., v=—u
4

Impulse exerted on floor
= —[Change in momentum of ball]
=—[(— mvcos53°) — (+ mucos 37°)]
=mlvcos53° +ucos37°]

[3 3 4}
=m|-uX—-+ux—
4 5 5

=—mu

=g><1><5=6.25Ns
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38. As the CM will not change along x-axis,
for no net force acting on system (wedge +
block) along x-axis.

Mechanics-1

x = Displacement of boat
x-40+(1+x)15=2%x40+1x15

ie., x=146m

(The frictional forces on the boat by the

boy and that by the boy on the boat are
internal forces).

- — -
X a1. 3:mV1+mV2+mV3
— X —] a : m+m+m
! 1 - - -
T Mg i =§[V1+V2+V3]
h M | 1 A A
! =§[v01+(-3u03)+(5u0 k)]
m : 1)) s N A
Y { ; X =297i-3j+5K]
Mg | . 3
1
I a ! Option (d) is correct.
mx+ M (x +x") = Ma + Mx’ 42, The shell explodes at A, the highest point.
m
mx + Mx =ma or x= a As piece of mass M falls very close to
M+m 5
_ mhcot® mortar, its velocity after explosion must
M+m be —u.
Option (b) is correct. Shell A
2(4M) +3(~ M) +3(+ M) e == v (say)
39. xoy = =2cm - i N
A4M + (- M) +(+ M) & ! Y
4 % N i R
F RI2 | RI2 gl
£ £ W pAaf:ErO?ﬁ}gs‘;c;r;t (Velocity of 4M/5 man part
;‘) A D (:) A D+ C Shell of shell after explosion)
P ‘D:I[D'f':ftﬁfz\ Y Atter explosion path of
o7 M TS TS~ 4MI5 part
IS e /// 15 \\\ \\\\
3 B C S B ‘ i AN N
N N /’ | \\ S
’ | RI2 gl N
O=-—><——> (6] | D |
2cm 2cm. X 2cm 2cm. X ' '
| 3R/4 |

_2(4M) +1(- M) +3(+ M)

= =2.5cms
YO T T M C M) + (+ M)

Option (c) is correct.

40. As explained in the answer to question no.
20 and 19.

40 kg

Thus, Mu = ﬁ(— u) + ﬂ(v)
5 5
i.e., v=—u

As the velocity has increased % times the

range of this part will be

3 .R. 3R
—of —ie.,—

2 2 4
p-E 3R _5E
2 4 4

Option (c) is correct.
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my —my

, 1 1 1 Y
4. v =———0y = muvs fm(——v )
my +my 2% |2 32
Vo vi=0 Vo' = 1 9
— — — — = mu;
@ sy (W @ L, 2
my=m my=2m -
_2 18
m —2m 1
= Uy =
m+2m 2
1, -8
32 9
Fraction of KE lost by colliding particle A
_ KElost
Initial KE
JEE Corner

Assertion and Reason

1. To answer this question, let us find the
centre of mass of an L-shaped rigid body
(as shown in figure) of uniform thickness.

Y

aL| A,

(6L x2L)3L +(4L x2L)L
" (6L x2L) + (4L x 2L)

_36L° +8L°
1212 + 812
4413
2012
=2.2L

Similarly y =2.2L

Thus, we see that CM is lying outside.
Centre of mass of the rigid body of
uniform thickness as shown in figure
would be at point P which is neither
outside nor inside.

The centre of mass of a uniform plate lies
at its centre. The CM of a uniform sphere
is at its centre.

Y
L

L X
These examples show that assertion is
false.

It is correct that centre of mass and centre
of gravity of a body coincide if the body is
placed in a uniform gravitational field.

Option (d) is correct.

F - F
2. a1=£,a2= L
m

2m
aq 2»
F
Fi F
g, = 01 + 2ma,
™ m+2m
_R+(F-F)
3m
_F
3m
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As F is constant, the value of any will
remain constant (Reason).

As CM is accelerated the velocity of CM
will obviously increase (Assertion).

Option (a) is correct.

As per assertion if force is applied on a
system the linear momentum of the
system must not remain conserved. But, it
will not be true if we apply two equal and
opposite external forces on the system as
then net external force on the system will
be zero and the linear momentum will
remain conserved as given under Reason
which is correct.

Option (d) is correct.

A rocket moves forward due to the thrust
force produced on it as per Newton’s 3rd
law of motion (as given under Reason)
when gas inside (not the surrounding air
as given under assertion) it is pushed
backwards.

Option (d) is correct.

Linear momentum of a system remains
conserved when no net external force acts
on the system i.e., only a net external force
on a system can change its linear
momentum. Inside a system internal
forces are always in pairs and as such
can't change linear momentum.

If two blocks connected by a spring placed
on a smooth surface are stretched apart
the internal restoring forces acting on
blocks will definitely increase the KE of
the system but this argument under
Reason has nothing to do with the nothing
under Assertion that internal forces can't
change linear momentum.

Option (b) is correct.
i.e., KE oc % (if momentum p is constant).
. Nothing under reason is correct.

When bullet is fired and comes out of the
gun.

Linear momentum of gun
= Linear momentum of bullet = p

(In magnitude)
(KE) gun _ Mass of bullet

(KE) bullet  Mass of gun

(as given under Reason)

This is what is given in Assertion.

Thus, both Assertion and Reason are true
and also reason is the correct explanation
of the assertion.

Option (a) is correct.

. As no net external force is acting there on

the system along horizontal direction the
momentum of the system remains
conserved along horizontal direction but
as gravitational force (a net external force)
acts on block in the vertical direction
(downwards) the momentum of the system
does not remain constant along vertical
direction. As overall momentum of the
system does not remain constant,
Assertion is true.

As wedge is at rest, Reason is false.
Option (c) is correct.

. In any collision, there is not change in the

momentum of the system as given in
reason, which is true.

i.e., A%l = - AB2 ...(i)

.. Assertion is false.
Option (d) is correct.

. Reason is true as explained in the answer

to question no. 6 and also in Eq. (i) in the
answer to question no. 8.

As KE is inversely proportional to mass
the KE of the block of man 2m will be o

when the KE of the block of mass m is K.
.. Assertion is true.

Further, as Reason is the correct
explanation of the Assertion. Option
would be (a).

. Assertion is false as for example heat

energy can be given to a system without
any increase in momentum of the system
while KE given to a system increases its
momentum.
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2

(KE ZZPJ as given is Reason which is
m

true.
Option (d) is correct.

As no external force would be acting on
the system of electron and proton along
the line joining electron and proton the
CM of electron and proton will remain at
rest. Therefore, Assertion is false.

Further, as proton is heavier than
electron the reason is true.

Option (d) is correct.

my—m 2m.
v == 2o+ 2y

Vo V1 vo' vy
—_— —_— —_— —_—
@a @ @a @s

Before collision After collision

m, —m 2m
andvy,” = —2—Lu, + L v
vy’ — vy’
my — mqy —2m 2m, — my + m.
_my 1 2U2+ 1 1 2v1
my + my m; + my
=-vy +U;
:_(Uz_vl)
. ;L
te.,v 21——U21

i.e., relative velocity of A w.r.t. B after
collision

= — (relative velocity of A w.r.t. B before
collision)

.. Reason is true and Assertion is false.
Option (d) is correct.

As explained in the answer to question no.
11, the CM of the objects will remain at
rest. Therefore, assertion is false.

X1 X2

(@] (@] (0]
m1 CM my
myx; = MyXy
X2 _ My
X1 My

Xy > Xy 8S My > My
Reason is true.
Option (d) is correct.

= dp , .
14. F = G (Newton's second law of motion)
F
a=— (outcome of the above)
m

.. Reason is true.

First equation tells that if same force Fis
applied on different masses the rate of

N
change of momentum i.e., dp of each mass
will be same. Second equation tells that if
same force F is applied on different

masses the a produced in each will be
different.

.. Assertion is true.

Further, as Reason is the correct
explanation of the Assertion.

Option (a) is correct.

15. Assertion is false as explained in the

answer to question no. 12.

In every type of collision the linear
momentum of the system remains
conserved. Therefore, Reason is true.

Option (d) is correct.
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Objective Questions (Level 2)
Single Correct Option

1. mpy;+mx0=m 5gl+m1%1 or (x:cos*1%
RN Option (c) is correct.
AN - —
\ 3. Herel|vy|=|v;|=vsay
\
[t
II
//
my m m ’//
O & e
V4 Rest u= \/@ v4/3
2v
my - ?1 =m./bgl
Ul = %ﬂ 5gl
my Net momentum of the two elements as
Option (b) is correct. shown in figure = dp = Id_)pl
2. mu =2mvl | =2vdmsin®
MOr=========-- Dy =2v M (Rd6)sin®
\ i'/oc S~ TR
\ S
\ i e =2Mvsin6d9
. L 5. "
% : L 2m f 2 2Mv .
N : e H p= J.O sin 0 do
Sso i e *_ T
~~-_ . 2M
e = - 22 Ylcos 015’
u= \/Egl R Yo ZTCW
= est 2M v 2Mv
S 0 o =- [0-1]=
m m 1% T
u Option (b) is correct.
= = —
Ty 4. 1(2m)v2:1kx(2)
9 2 2
0 =v+2(-gH
2
v
= = —
28
(w/2? k<— kxo
= X
2g 0
2
= L or U= ixo
8g 2m
or 728! or 2mv = \[2mk x,
8¢ ] or F,, x At = \2mk x,
or [(1-cosa)=— J2mk
4 or av =4 X0
or 1-coso= 1 g
4 Option (b) is correct.
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5. As the collisions of the striker and the
walls of the carrom are perfectly elastic the
striker will follow the path OPQROP ...

Q

4
SN
|

4 1 N
N

N
N
N
R, 45517
\\ //
\\ 7
N A5
o) A

Change in KE = work done against friction

1 mv? —0= u mgs
2
(m = mass of striker, s = displacement of

the striker)
2

v
= s=
2ug
@
2x0.2x10
1 1
PQ=0OP=0AV2=|—+ ==
Q V2 (Zﬁ)f 2m

OP+PQ=1+1=1m
2 2

. Striker will stcip ails point @ where
227 \2)

Option (a) is correct.

co-ordinates are

6. As no force is acting on the system along
horizontal, the CM of the system will not
shift horizontally.

4p=11- p)
1
= =-m
P 5
Displacement (x) of bar when pendulum
becomes vertical
x .
—=sin6
p
x = psin©
1. 1
=-sin30°=—m=0.1m
5 0
When the ball reaches the other extreme
end the bar will further shift to the left by
distance x and as such the net

displacement of the bar will be 2x i.e.,
0.2 m.

Option (b) is correct.

7.

A o of bor_nf fou
Floor During During During  Floor
first Second third
collision collision collision

Momentum imparted to the floor in
1st collision= p—(—ep)= p(1+e)
2nd collision =ep — (— 2 p) = ep(1 + e)
3rd collision = e® p— (- e3p) = p(1 + €)
As theoretically there will be infinite

collision, total momentum imparted to
floor

=pl+e) +ep(1+e)+e2p(1+e)+....<x>
=p(l+e)[l+e+e +...]

1 l+e
=p+e =
p+e)— p(l_e)

Option (d) is correct.

8. Let F be the frictional force applied by
plate when bullet enters into it

1 2 .
= =Fh
2mu @)

If plate was free to move

mu+0=M +m)u’
, m

= u
M+m

New KE of bullet = %mu2 - %(M +m)u?

(entering plate)
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2
=1mu2—1(M+m) UL
2 2 M+m

1 2 m 1 2 M
=—mu“|1- =—mu
2 M+m 2 M+m

=Fn’
Dividing Eq. (ii) by Eq. (i),
% M

;=M+m

h’=( M Jh
M+m

Option (a) is correct.

i.e.,

...(i1)

9. v2= 16 16 ms™ v vi =J2_gs =10 ms™’
Rest
Now,v;" = ¢ Uy (entering plase)
10=1"¢ .16
2
. 1
ie., e=—
4
Option (b) is correct.
(l-b)l+(1L~b)(l +‘;‘)
10. you =
(1-b)+ ( L b)
2
2 )
l= oL according
bl+ 9 toquestion
L] P LI I
or HNl+=|=—+—+—
2] 2 2 6
P I
or ==
2 6
or l= L
V3
11. ™
G @ @ @
mivy = Myly — My, ...(@)
e=1
2vy =1

m1(2 Uz) = m202 - m11)2

mg
mg
[A] El
mg

3m1=m2
m; 1
or — ==
my 3

12. As the resultant of the velocities of 1st
and 2nd are just opposite to that of 3rd,
the 4th particle will travel in the line in
which 3rd is travelling.

"4

2nd

Let the velocity of 4th particle is u as
shown in figure.

ucos 45° +vcos 45° =v

ie., u=vH2-

Total energy released
1

=fmvz+%mv2 +%mv2 +%m[v(\/§—1)]2

2
)

= %mv2[3 +(J2 -
4

1)?1=mv? [3

Option (a) is correct.

mg u 2 mg
mu =2mv, Cwillincrease C will also increase the
ie., v, = U thetensionin  weight of B when collision
2 the string. takes place. Thus,
mu = 2mv, mu = (2m + m)v,
ie,v, = u ie., vy = el
2 3
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Uy iUy iUg me A
=E:E:E=3 :3:2
2 23
Option (b) is correct.
14 ) Place of o
. time = t(szlay) —————— ~—collision ;, g3 m
A
cM hi2 hi2
)
Ve 30° ﬂ&
[ B
v cos 30° Motion of B :
Ueym = U cos 30° ﬁzvﬁ_lgﬁ
B 2 " 2%
2 ) h
. . ie., h=v |—
Option (a) is correct. g
15. Ty =1 v=1gh
h
1_31 (position vector of lighter piece) vg=+8h-g- \/; =0
=31+2j-4k Collision of A and B at time ¢ :
- - —
2 _ M tmr Rest (D

rem=——_

o = (my + m2) em —my I'1 m+ 2m
9 =
mg m\/g7 =3mw
—§(3§+23—41§) o= V8"
= 3
4 Velocity of the combined mass when it
3 reach ground
~Lliei_2@i+2)- 4l v’2=w2+2gh
4 _8n, 2gh
= i[— 4 3 +8 fl] jﬂ
ie., v = 3g
N N
=-J+2k
J Option (d) is correct.
.. The heavier part will be at (0, — 1, 2). 17. u = velocity of man w.r.t. cart
Option (d) is correct. Let v = velocity of cart w.r.t. ground
16. Motion of A : .. Velocity of man w.r.t. ground =u +v
2 = .
h_lee, v, (attime ) = gt =/gh mu+v)+ m 3m -0
2 2 b
A 3
e, t= P Work done = KE gained by man and cart

=-m(u +v)? +12mv2
2 2



194 = Mechanics-1

Option (d) is correct.
30m +50m

m+m

= 40m/s upwards.
130 m/s

18. voy =

—_ m

40 m T - Initial position of CM
20m ) 50 m/s
td
If the velocity of CM becomes zero at
displacements
0% = 40* +2(- 10)s
= s=80m
- Maximum height attained by CM
=20m + 80m

=100 m
Option (c) is correct.

19. As the masses are equal and the collision
is elastic, the particles will exchange their
velocities as shown in figure.

— —

p -2
In terms of momentur@ O

A B

Before collision

v 2v 2v v

— - —— —
In terms of veIocitO O O O

A B A B

Before collision After collision

Gain in KE of 1st particle

=1m(—2v)2 —lmu2
2 2

=2muv? —lmv2
2

mevz

2
_3p
"~ 2m
Option (c) is correct.
20. According to question

P
4m
4m 4m
cm M
<—X—>I <—X—>I
a a
a
(4m)x+(4m)§ _(dm)x+(m)a
dm +4m dm +m
x a 4x+a
or Z+—_=
2 4 5
. a
ie., x=—
6

Option (b) is correct.
21. xy of Fig. 1 will as that of Fig. 2.
y

al| 40

ajl 20| 10 | 20

X
O |—
a a a
y Fig. 1
al | 40

50 ia

Ole—> <
a a

Fig. 2

3a

40-2 1+ 50.
Ko = 2
oM 40 + 50

_ 20a + 75a

90
_95a 19a

T 90 18
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4037a+50% Thereis no
=— <4 4 need tofind
Yom 40+ 50
the valueof y
_17a
18

Option (a) is correct.

Conservation of momentum along y-axis
Vg . .
my —=sin 45°=2m,vsin6
V2
ie., 2vsin6=v50 ...(4)

Conservation of momentum along x-axis.

/ Vo/\/é
Mo
Ve
_0> Rest 45°
° O x 5 X
mo 2m0
2m0

v

v
mo —%cos 45° + 2m, v cos O = myv,

V2
ie., ZUCOSG=UEO ...(ii)
Squaring and adding Egs. (i) and (ii),
20 =202
2
Yo
v=—1
242

Option (b) is correct.

1, 1
= kxg = =myv
o %0 = 5 Mol

(When wall just breaks off the velocity of

mass m; would be zero)
ms
= v2
my + my
my k
= —_— xo —_—

Yo km,

my; + my

Option (b) is correct.

24. Velocity of 2nd ball when 1st with velocity

v strikes 2nd at rest

m  m2 m2? m/2" =1
ONONO (™

2nd 3rd pth
Vo =V Rest 7} %z
my;=m my =m/2

, 2m, 2m 4
Ul = 1)2 = UV=—UVU

my + my m o m
2

Velocity of 3rd ball when 2nd with velocity

—v strikes 3rd at rest

Rest V2

:m m1=m
2 4
m
’ 2m2 25 4
v, = U2—m m*U
my + my m. _ms3
4 2

. . m. 4

As in every collision ———=— = —
my+my 3
-1

The velocity of nth ball = (g) v

Now, this must be equal to /5 gr
for it to complete thle circle
n

e

3 n-1
ie., v=|— 5gr
(4) &

Option (a) is correct.
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25. Impulse given to the block will also
release it from abstraction besides giving
and then imparting the restoring force on
it due to velocity to it 5cm of the spring
expansion will accelerate it.

Mechanics-1

Impulse = 4 kgms™!
4 kgms™
2 kg

Average Acceleration (a)

4000><(4§7)
Ckx 100

1

Initial velocity (v) = =2ms”

2m 2x2
=50 m/s?
5
Displacement(s) =x=——m
p (s) 100

v? =u? + 2as

N
100

=4+5
=9
R v=3ms!
Option (b) is correct.

26. Compression in spring Velocity gained
by block when the spring is at its natural

length will compress the spring.

1kx2 =1mv2
2 2
m
X=0,—
k
2

=3
4000

_|2x9x5
- 14000x5
[ 45

10000

6.7

m

100
=6.7cm

Spring at its natural length.

Block at rest first time due to some
reason.

Restoring force brings the spring to its
natural length and block attains a velocity
of 3ms™.

27.

28.

5cm

§

A\

o
3

1)
\\

KE of the block moves blocks ahead and
the spring stretches by 6.7 cm but the
block does not return due to same region.
Block is now at rest for the second time.
.. Distance travelled by block when it
comes to rest for the second time
=(B+6.7+6.7+6.7) cm
=25 cm approx.
Option (b) is correct.

Mi=8m M= 16 m
2v (MTS) 2v
[ D i ]

48 m P B
6 [ —>
< 12 L >

8m x AP =16m x (12L — AP)

AP =24L - 2AP
3AP=24L
AP =8L

As the CM of M and S does not change,

the CM of the bar shall also not change

i.e., the displacement of bar will be zero.

Let x be the displacement of rod.

L xX8m+(x+6L)48m +(x +12L)16m
=(6L x 48 m) + (8L x24 m)

ie, x=0m

i.e., no displacement of bar.

Option (d) is correct.

Vey f M and S = 8m2v) +16m (-v) =0
8m+16m

There CM of M and S will not change
while they move i.e.,the point P (where
they meet) is at the edge of the table
supporting the end B.

Option (b) is correct.
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29. When the spider eats up the moth and = 20L = 20L =207
travels towards A with velocity Y relative v L/T
2 =20x4=80s
to rod. B B
v 31. Form CM not to shift
24m(§+vR)+48va=0 8L OM+S
x' | 0
[vg = velocity (absolute) of rod] 0O 48 m
v | 0 |
= UVp =— —
R 6 48 m
Option (c) is correct. = (+8L)24m +(x"+6L)48m
30. Time taken by spider to reach point A =64 x48m
starting from point B le,x =— 8L
_4L 8L
v v/2 Option (a) is correct.

More than One Correct Options

1. Along vertical :2mV sin6=m - Y sin 45° -1 <1
2 242 -1
v
ie., 2Vsind=—— ...3 °
22 (1) 0 <45
Thus, the divergence angle between the
m / vi2 particles will be less than %
v Rest 45° Option (b) is correct.
o O 9 Initial KE = 1 mv®
m 2m 2
1 (vY 1
2m Final KE = ~m (7) +=2mV?
L 2 \2 2
1 51 9 5 9 1
Along horizontal : L ‘39 “' 82

v o
my =m _ cos 45° +2mV cos 6 As Final KE < Initial KE

ie., 2V cos 6 = v (1 _ i) (i) Collision is inelastic.
2V2 Option (d) is correct.
Squaring and adding Eq. (i)and (ii), my — my
2 2 2. vy =——1,
22\/5 9 2\/5 Vo V4= 0 V2' V1'
v 9 U v — —
=—4+0v"+—-2-v-
s st o [1 © [
_ 5072 : ﬁ my=m my=5m
4 2 m—5m
Dividing Eq. (i) by Eq. (i) T emam 2
1 2
tan0 = 22 - 502
22 -1 9
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3. vcosdp=ucosf=—=

Mechanics-1

2
T _ % = mg
or T= 7"1;12 + mg
m8g
= + m,
9 g
_17mg
9
Option (a) is correct.
Velocity of block
, 2m,,
vy =—"=—v
my + my
2m
= y2g1
5m +m g

:é,/Zgl

Option (c) is correct.

Maximum height attained by pendulum
bob
_v3 _8gl/9 4l

2g 2g g

Option (d) is correct.
v _cosO

u coso

v sin ¢

Ru cos 6 i
l : //

+ U ’

AN 7

usin®g N 7
Y 4
B, -\ 0

vsin
o= Usin®

and :
usin 0

_ cos 0 y sin ¢
cosd sin6
_tan¢
~ tan®
Option (b) is correct.

Change in momentum of particle
=(— mvsin ¢) — (+ musin 6)
.. Impulse delivered by floor to the particle
=musin ¢ + musin 0
sin ¢ N E:|

sin® v

= mvsine[

. u u
=mvsm6[—e+—:|
v v

=musin06(1 +e)

Option (d) is correct.

u\/l—(l—ez) sin? @

=u\/1—sin26+e2sin29

=u 1/cos2 0 +esin0

o2
=u cos26+—2 sin? 0]
u

= \/uz cos? 0 +v% sin” ¢

= \/vz cos? o+ v? sin® [0)

=v
Option (c) is correct.

cos? 0+ ¢®sin? 0

tan® (0]
tan® @
= cos? 0(1 + tan? ¢)
=cos? 0 sec2q)

_ cos® 0

=cos2 0+

~ cos? (0]
_v* _ FinalKE

" 42 Initial KE

Option (d) is correct.

. u=Bi+2)ms?!

u v=(21+)) mss
mM m

sin? 0

Impulse received by particle of mass m

— -
=—mu+myv

=-m@B1+2)) +m=21+3

:—m(5ﬁ+3)unit

Option (b) is correct.

Impulse received by particle of mass M

= —(impulse received by particle of

=m®Bi+))

Option (d) is correct.

mass m)
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5. T=mja
and myg — T =mya
) m.
Solving, a=—2
a
—

mi 7 T

Option (b) is correct.
m,0 + mya
(acy)y = — 2
CMYY ™ (my + my)
__ M

my; + my

2
m
my + my

Option (c) is correct.

. As the block comes down, the CM of the
system will also come down i.e., it does not
remain stationary.

a

mg
QoM =
m+M

*8

¢y is downwards and also aqy < g.
Option (d) is correct.

As no force acts along horizontal direction,
the momentum of the system will remain
conserved along horizontal direction.

Option (c) is correct.

7. Velocity of B after collision :

Vo V4 =0
@ @
A

Before collision

Vo vy
(m @)
A B

After collision

8.

199

, (1+e
U1: Tv2

3 1
=—v[ase==and v, =v (given)]
4 9 2 g

v
¢ —_
2
Impulse given by A to B

= change in momentum of B

=m (ﬁv) -m-0
4
=—muv
4
Option (b) is correct.

Velocity of A after collision

, (1l-e
UZ = 2 U2

Loss of KE during collision

1 2 1 2 ’
=—mv, —=m@’7 +v’5)
5™M2 5 1 2

o= (%)
2 4 4
=—mv
16
Option (c) is correct.

As the mass of the system keeps on
decreasing momentum of the system does
not remain constant.

Thrust force is developed on the rocket
due to Newton’s 3rd law of motion.

Option (b) is correct.

dv v, dm)
As, a=—="+t|-—|-g
dt m\ dt
The value of ¢ will remain constant if v,

are constant.

and —

Option (c) is correct.
F,

et = I (Thrust force due to gas ejection)

— W (weight of rocket)
_ —net
m

Thus, Newton’s 2nd law is applied.
Option (d) is correct.



200

Mechanics-1

Match the Columns

1.

If x, is the compression made in the
spring, the restoring force on B will
decrease from kx, to zero as the spring
regains its original length. Thus, the
acceleration of B will also decrease from

X
220 t0 zero.
mpg
ma mpg
k
A a5 |
[]
]
Xp !
1 ]

«W—»m
kXo

So, the a,; will also decrease from
kx

to zero.
my +mg

so(a)—> ()

When spring is released after compressing
it, the restoring on B will accelerate it
towards right while the reaction force on
A will apply a force on the wall which in
turn will apply equal and opposite force on
A and consequently A will travel towards
right. As both travel towards right the
velocity of CM will be maximum in the
beginning.

After this A will start compressing the
spring and at a certain instant when the
spring is compressed to maximum value
both the blocks will travel towards right
with a constant velocity and then the
velocity of CM will become constant.

= (b)—> (@)

As the blocks will never move along
y-axis, the y-component of the CM of the
two blocks will not change.

s(d)— ()

As the two blocks will keep on moving
towards right (surface below being

smooth) the x-coordinate of the CM of the
blocks will keep on increasing.

s(e)— (s)

2. Initial gy =

_m(+g)+m(+g)

m+m
ou=0
2nd particle

g
1 20 ms™!
l__ 1st particle
m
=+g
=+ 10SI unit

~o(a)—>(g)
m(=20+mx0

m+m
=-10
vyl = 10 ST unit
()= (@)

For the time taken by the first particle to
return to ground

Initial vy, =

1
s:ut+fat2
2

0=(-20)¢t +5¢
= t=4s

Now, as the collision of the first particle
with the ground is perfectly inelastic, the
first particle will remain on ground at
rest.

Now, let us find the position of 2nd
particle at t =5s

s=(0)5+%(10)52

=125m

The particle (2nd) will still be in space
moving downwards.

S m-0O+m-g
oM m+m
- g =5 (ST unit)
s (e)— (p)
Velocity of 2nd particle att =5s
v=0+10x5

=50ms~!
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s Att=5s
m-0+m-50
beM = —
m+m
=25 (SI unit)
s(d) = (s)
3. Initial KE of block B=4J
[ 2 w5 ]
m m=0.5kg
1 0sxu2=4
2
= u=4ms™?

.. Initial momentum of B=0.5x 4
=2kgms™!
~(a)— (r)
Initial momentum
Pey = Pt Pp
=0+2
=2kgms™

s(b) = (1)

Velocity given to block B will compress the
spring and this will gradually increase the
velocity of A. When the spring gets
compressed to its maximum both the
blocks will have the same velocities i.e.,
same momentum as both have same mass.

Pap = Pp

(at maximum compression of the spring)
But, p, + pg = initial momentum of B.

Pp+ Py =2
ie., py =1lkgms™
s ()= (q)
After the maximum compression in the
spring, the spring will gradually expand
but now the velocity of block A will
increase and that of B will decrease and
when the spring attains maximum

expansion the velocity of B will be zero
and so will be its momentum.

~(d)— (p)
. If collision is elastic, the two blocks will

interchange there velocities (mass of both
balls being equal).

Thus, velocity of A after collision =v

s(a)—> ()

If collision is perfectly inelastic, the two
balls will move together (with velocities V).

mv=(m+m)V

= V= E
2
(b)) > (s)
If collision is inelastic with e = %,
, l+e
Ul = 2 'vz
1+ 1
=3 2.9 [ vy =0 (given)]
3
=—v
4

s (e)—> (p)
If collision is inelastic with e = i,

1
,_(1+Z) 5

v =—v==v
! 2 8

S(d) = (g).

. If A moves x towards right

A B

%50 kg ESO kg

| C 30kg

| Smooth

Let plank (along with B) move by x’ to the
right.
xx30+x"(60+30) _

30+ (60 + 30)
. , x
ie., x'==-=
3

= g, towards left.

s(a)—> ()
If B moves x towards left

Let plank (along with A) move x" to the
left
x-60+x"(30+30)

60 + (30 + 30)

’

ie., x'=-x
= x, towards right
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= (b)— (p)
If A moves x towards right and B moves x
towards left.

Let plank moves x’ towards right
30x x +60(-x) +30(x")

30+ (60) +(30)
ie., x'=x
= x, towards right
s ()= (p)

If A and B both move x towards right.

Let plank moves x’ towards right
(30 +60)x +30x"

(30 +60) + 30
ie., x'=-3x
= 3x, towards right
(D) > (s)

. For man to be in equilibrium

mg

N+T, =W ..(@)
For the block of mass m; to be in
quilibrium

T,=N+mg ...(ii)
For the block of mass m, to be in
quilibrium

T, =myg ...(ii1)
For the equilibrium of pulley 2
T, =2T, ...(0v)

Solving Eqgs. (i), (ii), (iii) and (iv)
W = 3m2g - mlg
=@Bmy —my) g

7.

=(60-10)10
=500N
s(@)- ()
For the equilibrium of man
N=W-T
=W - 2T,
=W —-2(N + my8)
ie., 3N =W -2m,g
N=100N

s(d)— ()

Force exerted by man on string to
accelerate the centre of mass of the system
upwards

Centre of mass of the system will move
upwards if man move upward.

T,>W-N
>500-10
> 400N
Options are 500 N and 600 N.
(b) — (r) and (s).

Force (T;) exerted by man on string to
accelerate the centre of mass of the
system.

i.e., when

Centre of mass of the system will move
downward if man moves downward.

Ti<W-N
<400N

Options are 100 N and 150 N.

s (0) = ().

2x3+0x6

3+6

i.e., when

Uem =

= g msfl
3

When both the blocks move with same
velocity (say v) deformation in the spring
will be maximum

2x3=3v+6v

iLe., v="ms™?
3

=velocity of A
=velocity of B
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3><g+6><g
Vopg = —3 3
M 3+6
=Zms™!
3

When both the blocks move with same
velocities, each will be at rest w.r.t. the
other
- (a) = (p), (v), (s)

(b) = (p), (1), (s)
lﬁflinimum speed of 3 kg block will be
1

3 ms  and at that moment velocity of CM

will be 2 ms .
3
s ()= (p)
Initial velocity of 6 kg block is zero.

When the spring is compressed to
maximum value the velocity of 6 kg will
be maximum and the velocity of CM will

be 3 ms ! (as explained above).

= (e) > (p).

8. v _2x5+1(-10)
T oM 2+1
=0ms™!
+ive
-
Rough 1
Tk 10 ms
5ms™!
| 2kg
Smooth
s(a)—> ()
Momentum of CM = 2(+5) + 1(-10)
=0kgms™!
(b) - (1)

Velocity and so the momentum of 1 kg
block will decrease to zero as the surface
below is rough.

s (e)— (@)
Velocity and so the KE of 2 kg block will
decrease to zero when the velocity of 1 kg

block becomes zero (according to law of
conservation of momentum).

s (d) = (g).



