Basic Mathematics
1 & Measurements

Section I
Single Correct Option
1 9 ol
1, K=-mv ===
L] 2 B 9
(& = Am + 2@ . Percentage increase in pressure = L.O
K., m v 2
Maximum error = 2% + 2 (3%) =111
In the estimate of, Optlcmz(a) is correct.
kinetic energy (K) = 8% 5. K=2_
, : 2Zm
Option (c) is correct. ) .
st ~. Error in the measurement of kinetic
2. d:F:l_s energy (K)
5 =2x100%
(A—dxlﬁﬂ] =(&_m x 100]+3(A—Ix100) =200%%
d S Y l Option (d) is correct.
= 4% + 3(3%) 6. 3400 = 3.400 x 10
=13% .. Number of significant figures = 2
Option (d) is correct. Option (d) is correct.
3. p=§=f—2 7. A=3124m x3002m
_ i . =9.378 /248 m®
. Permissible error in pressure ( p) 5
= 4% +22%) Pl
_ 8% Option (a) is correct,
. GM
Option (a) is correct. 8 g= "
4. mVy = p, Vv, _ constant
Vv - pi
= P2= P = 1 R
Va K = —Io*
. Vi 2
Py 0% of :E(EMfﬁ]m
» 215

90% = constant x R?



9.

10.

11.

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) = 2°Rt

. Maximum error in measuring heat (H)
=22%)+1% +1%

=6%

Option (b) is correct.
V =1bt

=12x6x245

=1764

=1764 x 10° cm?

=2%10° em?®
Option (b) is correct.
o il

4nr?

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 7rd
3
AV _jar
v r
=3(1%)
= 3%
Option (c) is correct.
a? =6a’ (given)
T a=6
=V =6=216m"
Option (b) is correct.

[ﬁ % 100) A 10042 [£ % 100]
max I T

=(1mm 100 +2(ﬁ X 10]

100m 2003

=01% +01%=0.2%
Option (a) is correct.

16.

17.

(

18.
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o
Q=Toe “Vob
We know that
Q=1It

(given)

t

f—oe @VED

loe] = [¢]

tI ]
(AV)g,
Bl Tl

I S
[Resistance] | gg
or [E:l = 1 1
o] [MIPTA?] ML TA%)
1
I
.. 0
[wogg I
Option (a) is correct.
N
r2s®
As 100] - 1[£ . 100] § l[ﬂ v 100]
il p 2\ ¢q

a
+2 [E % 100] + 3(2 2 100]
=

r

= [velocity]

a=

= %{1%] + %{3%) +2(0.5%) + 3(0.33%)
=0.5% +1.5% +1% + 1%
=4%

Option (c) is correct.

Least count of main scale

=2ﬂ.=0.5m

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)

=2 MSR + 20 CSR
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=(2x 05mm) + (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
=1.2mm + 0.3 mm
=1.5mm

Option (d) is correct.

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

= 156%
Assertion and Reason

1. Least count of screw gauge
B 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

il SMMy
GM M, = Fr*
i.e.,[GM,M,]=[MLT2][17]
=[ML*T*]
s (a)—(q)
o) 3RT _ 3pV _ 3 work
M n nM
2m-2
[SRT] =[ML T ]:[I?T"g]
M M
~(b)— (1)

2

(c) ._,{‘i... = £
B qB

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 (¢) is correct.

gB

=v?sin%0

_ [t;,vr.JBsin‘E?f]2

F? .
[52“132_] =[LT'? =[’T?]

sley— (v

GM,
d = 2o
(d) g R
GM
e _gR
R, o

GM,| -2
=5 [R ]—lLT IL]

- [L2T—2:[
wod) - ()



2 Units & Dimensions

Vectors

Section I

Single Correct Option
Force

1. Pressure =
() Area

i [MLT al
(1]
= [MLT2]
Option (d) is correct.
2. W = I’Rt
(R] = [ME*T™] _ [MI*T A~
[AZT] [T]
V=L al and W = Vg
dt
L=Wat
q dI
[MIZT21[T)
[AZT]

(1)

(L] = =[MI?T2A72]
Using Eq. (i)

[L]
Rl=2
[R] (71

L
==
ie., [T] [R]

Option (c) is correct.
3. F =6nnav
_IF)
R [av]
_[MLT?)
IEET

=[ML*T™]
Option (d) is correct.

. [k]l=

. lal=

o=Li
[¢]=[LIL:]
= [ML? T2 A~2][A]
=MI2T2A™]
Option (a) is correct,

. Linear impulse (I)=F - At

[71=[MLT][T]
=[MLT™]
Option (c) is correct.
F=G m(}’fz
[F1ld®] [MLT™?][IF]
[mymy] [M’]
== [M-l Lﬂ T-2]

Option (¢) is correct.

p_bo il

i d

_[MLT L]
T 1A%
Option (¢) is correct.

Ly
TT [T]

[G]1=

& ‘Ejigl =[ML* T#A™]

Option (¢) is correct.
-2
M —[ML T]
[T]
_IMLT™?]

[T9]

[b] =[ML T™]

Option (c) is correct.
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10.

1.

12.

13.

14.

15.

16.

E=hv
IMI? T2] G

hl=————=[MLI’T
===l ]

Angular momentum (J) = L
2

[J]1=[h]=[ML*T™]

Option (b) is correct.

[Energy]l =[MI? T2]

=[MI[LT"}?
- [Mass] =[Ev?]
Option (c) is correct.

1

5 E0E2 = Energy density = Hnegey

olume

20 (1]

=[MLT?]

Option (b) is correct.
[al=[T2?]
[T?]
bl=——
o [LIIML™' T2]

a -2
—|=[MT
e

Option (b) is correct.

Velocity gradient = d—v
dx

[LT ]
[L]
=[T 1]
~[M°10 7]
Option (a) is correct.
[Force] =[MLT ~*]

_ [F]
[Mass] = LT

=[FL1T?]
Option (a) is correct.
Coefficient of friction (1)
Limitting frictional force
- Normal force
[u]=[M°L° T}
Option (b) is correct.

[Velocity gradient] =

[1 Eg] _[MI? T?]

17.

18.

19.

20.

21.

22,

g=CV
and V=iR
q=iCR
it=iCR
= [CR1=[t]1=[M°L°T A°]
Option (a) is correct.
_ 1 qq
B s

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

Option (b) is correct.

Angular momentum (JJ) = ;—h
U
I=3mi?
ﬁ _2nd/n_ mor
I Imi’ Imr?
-1
H _ [[LT l] [T
I L
= Frequency
Option (a) is correct.
b
v=at+——
i+
[e]=[T]
e
i o
or [6]=[LT'1[T]=[L]
[at]=[v]=[LT™]
= [a] =[LT 2]

Option (a) is correct.

y = Asin [%(ct—x)]

= Asin [2_7:”_2?:_95]
A A
2nx
= 0 (angle)
[x]=[A]=[L]
Further, y = Asin8
[Al=[y]=[L]
Option (a) is correct.
[X]=[ML3T3A%)
_ ITA*)
T MIZT]



23.

24.

25.

27.

28.

29.

_ [
[Work]

. X is resistance.

F-2i-3}+4k

[W = #Rt]

r=3i+2j+3k

Al

Il

=L

>

Gl

Il
BD D s

(i I SR
B W I

-3

or 1=17i-6j-13k
J©0.57 + (0.8 + (e =1

0.25+064+c% =1
& =1-0.89
c=4/0.11

Option (b) is correct.

|A +Bl=]A - B|
(A+B)-A+B=A-B) - A-B
A’ + B2 12AB=-A%+B° - 2AB
AB=0

or
or

ie.,

Angle between K and B = 90°

—

-B-0
~-BB-AB-0

N

(A +B)(
A+B

S
Bl

Option (d) is correct.
Work (= Fs ) is a scalar quantity.
Option (d) is correct.
Speed = [v|
Option (d) is correct.
A =3, Iﬁl =5 and angle between A and B
is 60°.
A-B=|A]|B]cos 60°

30.

31.

32

33

34.

Units & Dimensions Vectors 7

1
=(3)(H)| =
3)( )(2)
=7 5
Option (b) is correct.
A+B=C
(A+B).(A+B)=CC
or KK+23]§+§]§=66
or A? 12A-B+ B =2
or AB=0
or IA||Blcos8=0
or cosB=0
or B=E
2
Option (d) is correct.
Magnetic field intensity.
Option (d) is correct.
P+Q=R

P+Q P+Q=-RR

P i@ +2P Q=R

122 + 58 + 2P.Q = 13
PQ=0

Angle between PandQ= g

Option (b) is correct.
Option (b) is correct.
ﬁ+§+ﬁ:0
P+Q--1
P+Q P+Q=-R (-B)
PP+QQ+2PQ=-RR
or P2+Q2+2f’-(_éi=R2
Let@’ = P2 and R = P2
Thus, Eq. (i) takes the form

P’ + P +2PQcosB =2F°
2PQcos6=0

or
or

...(1)
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or cosB=0 @sinb _ (-Qsin0)
or 8 =90° ~ P+Qcos® P-—QcosH
_ Qsinf (— @sin6)
(P+Qcos0) (P-Qcos0)

. Angle between P and (_Qi is 90°

P+Q+R=0 _ 2PQ sin®
P:R=--Q PP L@ cos 2
i @+ ﬁ) ] (f, i ﬁ) = (_@ i Q) This implies that angle between P+ fft and
o P’ L R? + 2PRcos 0= @ P - Q will vary from 0 to =
or 2PRcos 0 =Q° — P2 - R? Option (b) is correct.
or 2PRcos ¢ = — R* 36. R*=P° + @ +2PQcos0
or 2Pcos0=—-R forR=P=@Q
or 2Pcos o =— PV2 PP =P+ P® 1 2PPcos®
or cos¢=—i_ or c:osE]:—l
o, 2
& o=135" or 6=120°
~. Angle between P and R is 185°. Option (b) is correct.
| 37. W=Fs
=(3i+4) Bi+4)
=25J
Option (b) is correct.
- a a — — A A
st Q 38. PQ=(ai+aj+3K) (@i-2j-K
Option (a) is correct. —a® —-92q -3
35. Angle (6) between P+ Q and P - Q ForP LQ,P.Q=0
ie., a®-2a-3=0
or (a-3)a+1)=0
= a=3
Other value is — ive.
Option (d) is correct.
tan ¢ = @sin6 39. If a vector makes angles o, B and y with
P +@Qcos6 the co-ordinate axes, then
L s 2 2 &g
Angle ¢’ between P-Q and P ;OS L CO;’ B +cos Z =1
fan ¢ = @sin (m + 0) Now,(g] _9 3 [ﬁ) - 36, (g] -
 P+Qcos(n+6) g 49 79 ég 74 49
-@ sinB and —t—+—=
= —_— 49 49 49
P—-QcosH : :
tan ¢ — tan ¢ .. Option (a) is correct.
tan[¢+(_¢’}]=l+t.an¢-tan¢’ 40. K=4§—3j and ]_3’\:834-83

A+B=C-

—

21+5j



622_12%53
IC1 J12% +5°
125, B 4
=—1+—]
13 13

Option (b) is correct.
a1, A=21+3j-2kB=51+nj+k
C=—t« 2j+3 k
=~ Vectors X, ﬁ and C will be coplanar if
their scalar triple product is zero i.e.,

(AxC)-B=0

j k
2 3 -2|-Gi+nj+k=0
-1 2 8

or 13i-4j+7k - Gi+rnj+k=0
or 65— 4n+7=0
or n=18
Option (a) is correct.
42, Option (a) is correct.

43. @+ b)x(a—b)

|A|IB|
_9+168-25
32+ 4245
=0
= 8=90"
Option (c¢) is correct.
45, A+B=1T
A-B=3

Units & Dimensions Vectors 9
B=2N
Option (¢) is correct.

46. Angle between A-2i+3 j

—

and B=1+)

2+3

A _
- o . ] - ," ‘ foy
AlB| \.|22 +8% .42

IC|=

Option (a) is correct.
47. R? =(3P)* + (2P)® +2x 3P x2Pcos b

or R*=13P% +12P%cos @ ()
Further

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

10P% +6P% cos 0 = 13 P2 + 12P? cos ©

or Geosf=-P
or 8 =120°
Option (b) is correct.
48. L. L.
P+@Qcosa

As 0=90° tano = e
P+Qcosa=0
ie clms-;oa——£
’ Q
—
- 2P
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ey or - Px16=—96

2
190° P=+6N
Q=10N

Option (a) is correct. )
i Option (a) is correct.

49. A-B=0 LS 5 e
5 51. |JAxB|=+3(A'B)
A =4 — —
p =  |A|[Blsin6=+3|A| [Blcosd
= tan® =+/3
= 6 =60°
£ \ ~IAxB2 =A% B +21A|Blcos6
B c 2
. = A” + B* + 2ABcos 60°
= ALB (1) =A?+ B + AB
AC=0 |A xB|=[A? + B> + AB]"?
= K I r[i ... (i) 52. Cis perpendicular to both AandB
From Eq. (i) and Eq. (ii), we conclude that C=AxB
A is perpendicular to the plane containing
Band C.
This implies that A is perpendicular to .
B.C. N B
Option (c) is correct. C.A=0
50. P +@ +2 = R?
QZ PQCOS(I . i (Kxﬁ)__ﬁ:o
or P’ + @ +2PQcos o = 8%
) Option (d) is correct.
or P2+ @ +2PQ +2PQcosc — 2PQ =64 s r B
\ 53. 21+3j+8Kk) (4i+4j+uk)=0
or (P+Q) +2PQ(cosa— 1) =64
i == -8+12+8x=0
or (16)° + 2PQ(cos o — 1) =64 1
===
or 2P (coso—1)=—-192
i PQcos 0. — PQ=—96 ...(i) Option (c) is correct.
: 4. e - = & _
— Q sino . (as 5 P+Q+R 0

P+Qcosa e X
6 =90°) :\(\\ﬁ
o =
P+Qcoso=0 \/a"" R
Qcosa=—P ...(11)
Using Eq. (ii) and Eq. (i), If,
P(-P)- PQ=-96
or —-P(P+@)=-96

Pl 1Q1 _ IR|

sino  sinp  siny
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56. Using answer to questions no. 35, as angle

55.
B (-2,6,4) between K -+ ﬁ Ell'ld K - ﬁ is 90°
i A% + B2 cos20=0
s or A%Z=—_B’cos
AR | 5 : T T
or A =—Bzcos2(~—J ['.‘Bzu—]
2 2
2 _
p (0,3, 1) or A’=_Bcosn
or A=-R
=2 —* —*
AB=0B-0A = A=B
4 A ' 4 A f
=(-21+6)+4K ~-(01+3)-k) Option (a) is correct.
=-21+3j)+5k
Option (c) is correct.
Match the Columns
1. (a)|A xB|=]A B] - A+B)-A+B=A-B A-B
— o — — - =
or  |A||Blsin6=1%|A|[B|cos® orAA+BA+BA+BB
or 1;;3m8|=iﬂ13It =KK—§K—K§+§§
= e or  4A-B=0
Thus, (a) — (r) (s). = ALB
(b) K X ﬁ =§ P4 R (giveﬂj Th'LlS' (c) L (q)‘
or AxB=-(BxA) (A +B=C
or  |A|[Blsin6=—|A|[B]sin® or A+B) A +B=CC
or sin@=—sin @ or AA+BA+BA+BB=CC
or 28inB=0 % o 5
= 8 or A*+2A B+ B =C
Thus, (b) = (p). or 2A-B=0 (+A2+ B2 =C?)
(©) 1A xB|=1A xB| - ALB
or 1A +BI*=1A -BI’ Thus, (@) (q)
Section IT
Subjective Questions
i, B T R — B 1011)(1052dyne) [ot]1=[ML°T°] - [0]=[T"]
(10* em?) [8] = [M°LOT?]
=2x 10" dyne/cm? 4. h=£= J = J-&
(72)(10°N) VvV per sec
2. 72dyne/em = ————=0072N/m i 3
¥ (10 %m) [h]=[MIZT*][T]=[MIZT 1]

3. [al=[yl=IL] 5. [bl=[x*1=[L?]
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6.

7.

8.

10.

11.

12.

13.

Mechanics-1

b
=17
b 12 1m2

=|—=|=|——s—=[M"T

[al [tp} [TMLQT_{‘ [ ]
SE=(ut+%atz]—[u(r—l)+%a(t—1)z}
:u.l—%a{l)z+at(1):u+at—%a
—u+2@-1

2

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

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

LHS is dimensionless. Hence n =0.

Just write the dimension of different
physical quantities.
E=km*na®.

Here £ = a dimensionless constant
[E]l=[mI[nPla]®
[MIZT?]=[MF[T PILF

& x=1ly=2and z=2
F = km*v*r*

(k = a dimensionless constant)
[Fl=[mT[PIrF

[MLT2]=[MF[LT'P[LF
Solving we get,
x=1Ly=2andz=-1
Fe kmo?

r
(a) [d]=[FTILYITF
- [ML™?]=[MLT2F[LP[T)*
Equating the powers we get,
x=lLy=-—4,2=2
[d]=[FL™*T?]
Similarly other parts can be solved.

—

A B 6-2+8

cos =" =
AB V9+1+4J/4+4+16

12
V336

@m
&

15.
16.

17.

18.

19.

20.

21.
22.

23.

. A+B=R(say)=3i+]
B-8

K—B: (say) = i +53
Angle between R and S

R S 3+5 8 4
cos 0= =

RS VO+1J1+25 <260 65

v B= cus_l{%]

Their dot product should be zero.
Ratio of coefficients of 1, jand k should be
same.

No solution is required.

- =
Component of A along B=Acosf= TB
A+B=R=5i-j+k
)
R
. > - ~ i -
AxB=C(say)=-3i+8j+2k
NowA-C=—-6+8-2=0
ALC
B-C=0+8-8=0
B1C
Area of parallelogram = |A x B
—
= R Bsing
B\\I = [
.58 A < S g
Beos
BsinB=R=§
2
6 =30°

. Angle between A and B = 180 — 6 =150°
A+B=(4i+6})+B=10i+9]
B = (6i + 3j)



Applying sine law, we have

a _ b
gin (180 — A) sin (180 - B)
C
" sin (180 -C)
a b [

or —; —
sinA sinB sinC

Units & Dimensions Vectors 13

25. i

P

R=Pi+2Pj-3Pi-4P]j
=(-2Pi-2Pj)
26. R:*=P* +@ +2PQcos 6
S2=P+@ -2PQcos o
LR+ S =2P+@



1.

3.

3 Motion in One Dimension

Introductory Exercise 3.1

Suppose a particle is moving with
constant velocity v (along the axis of x).

Displacement of particle in time #, = vt,
Displacement of particle in time £, =vé,
~. Displacement of the particle in the time
interval At(=4, — ¢;)
=vl —Uh
= U(ﬁz = tl)
». Average velocity in the time interval
AF = U(tl_), = t])
(tz - t|)
=u
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 bev.

Ans. True.

As the stone would be free to acceleration
under earth’s gravity it acceleration will
be g.
A second hand takes 1 min i.e., 60s to
complete one rotation (i.e., rotation by an
angle of 2z rad).
-~ Angular speed of second hand

_ 2z rad

60s

=2 rads™
30

Linear speed of its tip = radius x angular
speed

=2.0ecm x x rads™

T ks
= =—CINs 1

15
As the tip would be moving with constant
speed.

Average speed = I—Z_' cms ™t

In 15 s the second hand would rotate
through 90° i.e., the displacement of its tip
will be r+/2.

.. Modulus of average velocity of the tip of
second hand in 15 s.
T 15
22
= cms

4. (a) Yes. By changing direction of motion,
there will be change in velocity and so
acceleration.

(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.

Circumference
Speed

=M=5n=25,13 "
lem/s

(a) Time speed =

(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
T/4

4n2
[ 2nr
[speed]
242

=——c¢ms
T

| Average velocity| =

S g
T

1

=0.9cms™

vv2

| Average acceleration |= ——
T/4

(where v = speed)

Motion in One Dimension 15

3 4p/2

2w

v
_ 242 v
T nor
242 (1P

n 4
=023 cms™
6. Distance = Speed x time
Dy =vity
D, =vyt,
Average speed = D +D, _ bl Uk
Lt t+k
(4x2)+(6x3)
T 2+3

=52ms”!

Introductory Exercise 3.2

Acceleration (due to gravity).

1 . .
s =u+at— 2 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

:[ur+ %at‘?]—[u(t -1+ %a(t— 1)2]

1
st=ut+al——a
l 2
Displacement L—I
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, p=¢¥ (given)

dS /4 i

e |

dt .
t;fu

g=[t¥dt=

'[ §+1

4

or S=££'”4+C
7

1:.&?., g o t'i'.-"-l
Differentiating Eq. (i) w.r.t. time ¢,
&s_8 i
df 4
= a =< t—lﬂl
5. Displacement (s) of the particle

s =(40 x 6) + %(— 10)62

=240-180

=60m (in the upward direction)
Distance covered (I)) by the particle
Time to attain maximum height
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— @ =4s5<6s
10
It implies that particle has come back

after attaining maximum height (k) given

by
P
2g
-4 _gpm
2x 10
D =80+ (80-60)
=100m
6. v=40-10¢
d—x= 40-10¢
or dx =(40-10¢) dt
or x=[(40-100) dt
or x =40t -5 +¢
As at t = 0 the value of x is zero.
c=0
- x = 40t - 5t
For x to be 60 m.
60 = 40t — 5>
or £ -8t+12=0
: t=2sor6s

Displacementin time ¢

7. Average velocity = :

1
ut + —a.t2
2

t
=u+ %ar
8. Ug =y +at
at =vy — 4
Displacementin time ¢
t

1
Uit + E at®

Average velocity =

t
1

:UI +—at
2

Ug — Uy

=Ul+

_U U

2

Ans. True.
9. 125:0-:+%ng
= t=25s
Average velocity = o (downwards)
=25 m/s (downwards)
10. v=10+5¢ - £* sl
)
a= @ =5-2t
dt
At t=2s
a=5-2x2
=1m/s”
From Eq. (i),
dx 9
—=10+56t—-t¢
dt
x=[(10+5¢t - ) dt
5% ¢
or x=10t+ —-—+¢
2 3
As, at t = 0 the value of x is zero
c=0
3
s=10i4 2R
2 3
Thus,at ¢t=3s
x=(10x 3+ 232 -
2 3
=30+225-9
=43.56m
11. u=21im/s

a =(2¢0s60° 1 + 2sin 60° j) m/s”

=(11++/3 ) m/s?
¥

a=2mls?
60°

e

I u=2mis

- —
u+at

21+(1i+4/3 )2
4

=
v

1+243]



Iv]=./4% + 12 = 247 m/s

:(23}2+§(1E+J§3)22

—41+21+2/3]
=61+2v3 ]
Is|=36+12
=43 m
12. Part] v=(21i+2¢jm/s
dv
e
3:23111;"52
From Egq. (i),
ds

Ezczhzﬁ)

s=[@i+2t])at
§ =921+ 8 3 +c
Taking initial displacement to be zero.

s(att=1s8)=@2i+Hm

.. (1)

13.

Motion in One Dimension = 17
Part II Yes. As explained below.
v=21+2 3 implies that initial velocity of

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

S(att=18)=(2ix 1)+ %(23}12

=2i+Pm
x=2tand y = £
v=(3)
or, 2 =4y

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

08 o Sie, =Y
dt
y==2
dy . —» A
— =2tie, v, +2t
dt % .
Thus, v =;;x + ?_‘.
=(21+2t) m/s
a =d_‘;=23mfsz

Introductory Exercise 3.3

1. Att=t;

t

s

%/\

0 t b g%t
v=tan®
As0<90% v, is +ive.
Att=1,
v, =tano

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

Acceleration at ¢ = ¢, :

a, =tana
Asa<90° at is + ive constant.
Acceleration att = &

a;, = tanp
As B <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 %mng

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.

) 2t = time

g

2 2
=mgh

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

=./2gh = \,‘2 x 10 x 80
=40 m/s
Time taken to reach ground

Jﬁ [2x80
= |—= =4S
g 10

Speed of ball (just after first collision with
floor)

Kﬁjzlmgzﬁzlmgﬂﬁ
g

=20 o0
2

Time to attain maximum height

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

Speed (m/s)

' 4 8 t(s)—>

Corresponding velocity-time will be

Velocity (m/s)

A = tan
(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+2)x2 e (-h)(z-2) _

0
2 2

or 3-(t-2°=0

or (t-2°%=3

or F—-2=143

or t=2+43

Ans . Attimei=2++3 s
(t =2 - +/3 not possible).

Introductory Exercise 3.4

1. Relative acceleration of A w.r.t. B
aap=(+g)—-(+g)=0
2. Velocity of A w.rt. B=v, —uvp

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

s=(u_,,‘—u_ﬁ,J't+%aﬂ‘,_;,t2



or s=(v, —vpt

T tan 8 = (va4—vg)

ol f—

3. In figure, u = speed of boat
v = speed of river flow

_ 2m/s

x (400 m)

~ 10m/s
=80m

4, Let C be the point along which pilot
should head the plane.

B
North N

§ fe— Drifing due
Sf to wind
&7\

&, <+— Speed = 150 m/s

East

it

Wind/speed = 20 m/s

Apply sine formula in A ABC

Motion in One Dimension 19
sin30° sin® sin(180° —30° +0)

150t 20t 500 x 10°
1 _sin®
300 20

O=sin™" (l)
15

1 _ sin(30°+9)

15
1
el

Now

- 3
3?]%:50 500 x 10 J224
or 53—5 =gin 30%cos 0 + cos 30°8in 6

5000 _1+224 3 1
3t 2 15 2 15

g 20906677
5000
= ——n
3 x0.5577
=2989 s
=50 min
—10 m—
A B
— 2 _ 2
a, =1m/s%, ap =2m/s
v, =3ms, vy =1m/s

Acceleration of A wr.t. B=1-2=—1m/s?

Velocity of A wrt. B=3-1=2m/s

Initial displacement of A w.r.t. B=—10m

At time relative displacement of A w.r.t. B
e 10+2r+%(—1)t2

or s=—10+2¢ - 0.5¢
For s to be minimum
B b
dt
or 2-(0.5x2H)=0
ie., +=28
Sin = — 10 +(2x2) - 0.5 % (2
=-10+4-2
=—8m

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

Subjective Questions (Level 1)
1. (a) D=ut; + oty
km km 1
=|60—x1h|+|80—x=h
( h ] ( h 2 )

=100 km

(b) Average speed

— 100 ko =66.67 km/h.

2. (a) Displacement in first two seconds
~W@+ O

=20m

2
. Average velocity = Om

=10m/s

5

(b) Displacement in first four seconds
= (4)(4) +%{6) 42=64m

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

=64 -20
=44 m
. Average velocity = . 22 m/s,
2s
3. Let the particle takes t time to reach
ground.
+20 m/s 1'
s

—64=2Ot+%(—10)t2

ie., bt°—-20t—64=0
t=6.1s
If the particle goes h meter above tower
before coming down
0=(207 +2(-10)

= h=20m

37— Total distance moved

Time taken
_ (20+20+ 60)

=16.4m/s
6.1

., Netdisplacement
(b) Average velocity = T —
_—60m
"~ 6.1s
=—98m/s
=98 m/s (downwards)
ot

4. Average velocity = ——
g y oF

_ vty + 2vty +3uT
tp+ityg+T
5‘0 +2.5T =3tﬂ + BT
or T =44,

2.5v

5. (a) Average acceleration
_ Final velocity — initial velocity
(4+8)s

_0-0
12
=0 m/s®

(c)aztanﬁzu""%

/N

4s  8s 1;';_9 time
4 = Jmax (ra=4m/s%)
ie., Upa =16m/s

Displacement of particle in 12 seconds
= Area under v-f graph

=12Xuﬁ

12x16
2
=96 m

Average velocity
_ Displacement (96 m) at 12s

Time(12s)
=+ 8 m/s




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

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

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

». Circumference of circle = 2nR
22 21
=2X—x—m
7 22

=6m
Speed (v) of particle =1m/s
. Distance moved by particlein2s=2m

Thus, angle through which the particle

moved

=gx2n=2§=120°

Magnitude of Average velocity
_ Magnitude of displacement

Time (=238)

s
Va

A(t=Os]
()

B A
(t = 2s)
_
Ve
ﬁ _ 2Rsin60°
2 2
V3

2
_2143 _21J3
22 2 44
(b) Magnitude of average acceleration

il e

Vp—Va
2s
120°

m/s

2vsin

2

[+ IV 1=1Vg]=v=1m/s)

=vsin 60°

=£mz’s'2
2

Motion in One Dimension = 21
7. Position vector att =0s
ri=(1i+2)m
Position vector att =4 s
r,=(61+4)m
(a) Displacement fromi=0stot=4s
=(ry —11)
=(61+4)-1i+2)
=(51+2j)m

(Bi+2)m

. Average velocity =
4s

=(1251+ 05D m/s

(b) Average acceleration
_ Final velocity — Initial velocity
4s

_(2}ﬁ+103)—(4’i\+633
B 4
_-21+4]

4
=(-051 + }) 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

8. If at time ¢ the vertical displacement
between A and B is 10 m

1 1 "
“gt? - glt-12=10
2gt2 &1

or £ -(@t-1°%=2

or - -2+1)=2

or 2t=3
t=1.5s8

9. The two bodies will meet if

Displacement of Displacement of
= second hefore

ﬂI_'St el gttammg - attaining highest
highest point point
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vut—%gtz =ua{t—t0]—%g(t—t0]2 —s=(a!0)t+%(—a)i‘.2
or 0=—uvyt, —lg(rﬁ - 2tyt) —latﬁ =[atu)t—1at2
2 2 2
or g[of = lgt% + UUtU or —t% = 2f0t - t2
2 or £ -2t -6 =0
L gty +v
or D it 2t V(=22)" — 41(~55)
g 2
_to Y _ 2 2262
2 g 2
10. 5= 1 gt? =1y + toN2 (- ive sign being
2 absurd)
= t=18 =(1+2)t,
i T—  5m ; Time interval =2141t,
343—*1 s From the begining of the motion the point
0 25m fsecond fank mass will return to the initial position
Hlw B3y =1 T after tlr2ne 3“;.41%.
: 12. 5 =u? +2(-10)15
E (t-1) second for B - ug —395
L R —v=0
S_—— - E ............. :
_ :5mis
For A H T :
15
H=0.t+ lgtz l lm Iu
1 - 7
or H:Egzi () () For H
For B 0" =2 +2A-10) H
H-25=1g(t—17 i) Al ROH =238
2 or H=1625m
or %gﬁ —%g(t~1]2 -25 (b) For ¢
0=1/325 + (-10) ¢
[Substituting value of H from Eq. (i)] J325
5! t=——
Eg[tz—(t—l)zl:% 10
=18
22 -2+1D=5 s
13. Atrest -2 Y. &
RE=A=n & [E
= {=38s 4_)-(__._". o 60m —
Substituting ¢t =3 s in Eq. (i) [«—6.05 —>
H=1x10x3% =45m (a) 15% =u® +2a x 60 ()
% and 15=u+ax6 ...(3i)
1.2 . b 2
11. 5= 5. %0 Forward motion Substituting the value of 6a from Eq. (ii)
in Eq. (i)

v= atu Backward motion 295 — u2 +20 {15 . u)



ie., W -20u+75=0
(u—-15)u—-5)=0
u=5m/s

(15 m/s being not possible)
(b) Using Eq. (ii)

a=—m/s
(c) W =0 +2ax
: v (58
i.e., X=-=—x
2a 2K —
3
=756m
L o
d == at
d s 2a
1,84
2 .3
_5p
6

#(s) 0 1 3 6 |9 |12

v(m/s) | 0 | 5/6

75 | 30 |67.5] 120

1204 5 (m)

20
60

30
15

= 4
T 6 o 12 6

Differentiating Eq. (iii) w.r.t. time ¢

uzét

ts) 0 3 6 9 12

vimis) | 0 5 10 [ 15 | 20

4 V(m/s)
201 )
o A
101 : : l
st A
56 5 12 1

14.

15.

Motion in One Dimension

—a=t A———a=—y —
[ERy [ED s

Starts Stops

23

A + f1 rl l‘2 B
' 4 km »B
-+ 54 | 83 -
b 4 min
Journey A to P
Umax =0+ 28y (1)
and v":nax = 2xs, . (i)
= b= Ymax
x
Journey P to B
0=vp + (=)t ... (i)
and Uﬁmx =2ys, ...(iv)
vIIIM
= el
. Y
Umax , Umax _ t+t, =4
X y
or Upnax [l + l:| =4 (W)
Xy
From Eq. (ii) and Eq. (iv)
2 o2
8 + — ‘max _ “max
17+ 8 9% —2y
2
A 4=Um_u[1 +1:‘ (vi)
2 |lx v
Dividing Eq. (vi) by Eq. (v)
Umax =2
Substituting the lvalue of v, in Eq. (v)
—+==2 (Proved)
x ¥y

Let acceleration of the particle be a using

|—2m—»— +ive
0 4 t=0s
t=10s t=6s X-axis
v=0
v=u+at
O=u+ab
u
ag=——
6
(a) Att=10s,s=—2m

—Q:ux10+%ax1@

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
=4da
=08 m/s

(c) Two or three dimensional motion

E _ 10N north

5
16. a=—-=
m 2 kg
=5 mfs2, north
=5jm/s®

u=10 m/s, east
=101 m/s
using? —u+at
v=10i+(5jx2
=101+10j
[Vl=10v2 m/s
V= 10+/2, north-east
using 8 = fit+%§t2
=(10’i‘x2}+%{53)2‘*
=(201+10)m
I's|=20° + 10*
=105m
cot = 2 =2
10

0=cot™2
North

—
S
A
i
o

0O 4 East

s =105 m at cot"(2) from east to north.
4

17. s, —(21+4J)m

a,=21m/s’ (t=0stot=2s)t =2s

u=0ms
a,=—4jm/s? (t=2stot=4s)t, =2s
(a) Velocity
vi=u+aif
=0+2h2
=44
N (O B
=41+(@21-4))2
or 3g=(83—83}mfs
(b) Co-ordinate of particle

- - — 1
s1=so+ut +—ﬁltf

-(21+4J)+(0)(2)+ 21}22

s

+41

.-¢

> e

.->
¢u=4>~

iy

2
61
—
Sy =8

V1t2+_(al+“2)t2
=61+4J+(4i)2+§(2i—43)22

=61+47+81+41-8]
=18i-4j
Co-ordinate of the particle
[18m,—-4m]
18. u=(@2i-4)m/s, sy =0m
a=(41+% ms
(a) Velocity
- =3 =
v=u+at
=(21-4)+4i+)2
=(101-23) m/s
(b) Co-ordinates of the particle

T =y j
s~;=su+ut+§ar2

=0 +{2’i‘-43‘)+%<4i+3)22



=101-2]j

. Co-ordinates of particle would be

[10m,-2m]
19. u=87ms

a=(41i+2) mik?
i =291+nj
B A Rl
2
293+n3=6+(83)t+%(4§+23)t2
291+nj=83t+2i + )£
Comparing the coefficients of i andj

29 = 242
and n=8t+¢

= £=\/§=38{)75

Substituting value of ¢ in Eq. (ii)
n=8x3807 +(3.807)
= 4495

(b) Speed at ¢ = \@ )

e I
v=u+at

=8j+@4i+2)3807
=(2x3807)1 +1{(4 x3807) +8}]
=(7614 1 +23228 j) m/s

speed = |v|= \,'r(7.614)2 +(23228)°
=2444m/s
20. s,=5im
att=002s, s =(511+04 ) m
s — 80
002

_(51i+04) - (5D
002

Average velocity Vav =

..(1)
...(ii)

21.

22,

23.

24,

25

Motion in One Dimension
011+04]
002
=5i+20)m/s
|Bav]= |5 +207

=206 m/s
tanf = @
b
ie., §=tan'(4)
Non uniform acceleration.

r=2+¢ +2¢°
(a) At#=0,x=2m
b) % _ 9t 1 622
dt .
(ﬁ] =0m/s
dt t=0s
2
(C)$=2+12r
(@), _g, =2+ (12 x2) =26 m/s’
a:—v@
=—(10)x3
=-30m/s”
s=t> -9 —15¢
- T
fft
; v
ie, azzzﬁt—IB
Acceleration (a) in the interval 0< < 10s
will be maximum at¢=10s
alati=108)=(6x10) - 13
= 42 m/s’
a=3-2t
dv
E=3—2t
or [dv=[@3-20)dt
or v=8t-£ +¢
or v=3t-F£ +v, [asatt=0,v=0v,]
or Ids=j (Bt — £ +v,) dt
or s=£—£+vgt

2 3
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(a) Displacement at = Displacement at

t=0s t=56s
0= ﬁ - i +v,5
2 3
= vy = 5/6 =0833 s
bv=3t-1£ +v,
Velocity at 1 (=500s)
=35-5 +0833
=15-25+833
=-9167 m/s
25. v=3 -6t
[ ds = [ 3¢ —61) dt
or s=£2-8f +¢
or s=t>-32=£(t-3)
(a) Average velocity = w
35
=35x05
=175 m/s
(b) Distance covered
1.
v
1 ;
N /2 335
9

= [2 6t -32de+ [ (32 —6r) dt

=88 - B +[® -32135
=3(2° - (2° +(35)° - 3(35)° - (2% + 3(2°
-12-8+ 42875-3675-8 + 12

=14125m 14195
(e) Average speed = 35
=4036 m/s
26. U= i
a
ie., va =4 (1)

21.

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

g=(4><2)+C'
2
Thus, C = 10.
z
ie., ' —4at+10 ...(ii)
2
. at t=3s,
£
u
—=(4%x3)+10
= ( )
v? =44

v=+44 =2J11 m/s
Substituting above found value of v in Eq.

(i),
2J1la =4
2

S EL
=0.603 m/s?

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

ie., a=

20 m/s
5] 30mis S
v, s
_—t —=
20 30
or 3v+2s=60
or 3v=60-2s (3)
Differentiating above equation w.r.t. time ¢
g, %0 g g8
dt di

or 3a=-2v

or 3a=—2v(

— SJ [using Eq. ()]
or az—g(GU—Qs)
9

=-§(60-2x15) [ata=15m]

=—@mfs2
3



Motion in One Dimension = 39

8§ = 1 12 12. Please see answer to question mno, 2 of
1 g
2 objective questions (level 1).
1. A& um
ol o=
2% g Jmg + f)(mg —f)
h
:E Now, if masses of the bodies are different,
o 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 LB AO=180°-(90°+a)-(8-37°)
=90° -0 -8+ 37°
=127 =(a + Q)

Comparing Eqgs. (i) and (ii)
sin(o - 37°) _sin[127° - (o + 6)]
c0s37°  sin(6—37°)
sinccos37° — cososin37°
cos37°
_ sin127°cos(o. + 0) + cos127°sin (« + 6)
B sintcos37° —cosBsin 37"

sina —coso tan 37°

AO N OB %cos{a +8)+%sin(a+9}
sin(96° + 87°)  sin (et —37°) = i 3
—8in® — —cosO
. Ura (i) 5 5
cos37°  sin(a -37°) 3 3 4cos(o +8)+ 3sin(o +8)
orsino — —coso = -
Applying sine formula in - 4s5in6 -3 cosh

. 3
orsing — Zcosa

L 4[coso cosO —sino sin®] + 3 [sin o cosO + cos o sinB]
- 4s5in0 -3 cosB

or sino —1(30501

4|coso —sino tan®]+ 3 [sin o + coso. tan 8]
4tan® -3

. 3
orsino — Zcosa

4[coso —%sina] +3[sino + gcosa]

4. g -4
AAOB 5
AO B ()24 or sino —chsa
sin(0 —-37°) sinl(o +0)] _4[8cosu - Tsina] +3[8sinu + Tcosu]
L ‘m (ii) - :

sin(6—37°) sin[127°— (@ +0)]
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ordsino —3 cosa
=32cos0o —28sino + 24sina + 21 cos o

V50 !
'7
i

1

or32coso + 21 coso + 3 cosa
=28gino —24sino + 4sino

or B6coso = 8sina
tano = Z
From Eq. (i)
Uf‘ - Ul’?l
cos37° sin(o —37°)
e v, cos37°
" sino cos37° —coswsin37°
_ v, cos37°
" cosocos37° [tano —tan37°]
. U?h‘
COS O [7 —i}
4
_4 v,
" 95 cosu
= i “ § 5 \..'E
25 1
=32
Option (b) is correct.
dv
—=—4v+8
dt
a=—4v+8

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

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

=i =g

— —
Vi=Va BT

|‘?1 "'_"}2| |1—';'1_'£|
v, -v,=(5i1+10j+5k) -(10i+5]j+5k)
=—5€+53

I‘_"l "“;)2|=5‘\l'l§

= —
v, — Vg 12 12
N T e
5
v, — vyl V2 2
— - — &
r,—r =r, =301
— —
Ir, -r |=30
— — — —
o ) R P
=% —
Irg"‘rll ]Vl"‘vgl

- Option (e) is correct,

. Displacement along y-axis at time ¢

Y
eV
1
a=2i //
u=0|* X
a =2t
dv
2 =2t
dt
or [dv, =[2tadt
or v_v=r2+6‘1
Att=0,v, =0(given)
A0 =0
3 ”.Y:tz
= a4
dt
or de:jtz+C2
/8
or r=—+C
¥ 9 a

Displacement along x-axis at time ¢ :

x =yt

x

or t==—
U

Substituting above value of ¢ in Eq. (i)

1 a
Yo |2
3y

Option (a) is correct.

. t=ax? + P

Differentiating w.r.t. time ¢



dx dx
l=0-2x—+p-—
xd.f, Bdt
or vip+20-x)=1
or v=0B+20-x)"
@:-#,2&,%
dt B+ 2ux) dt
20
=——— =
(P + 200x)
20
———E.LI
(B + 2a x)
=~ (2000%)-v
=-920,¢"
. Retardation = 20.v*
Option (a) is correct.
6. f=a-bx
dv
v—=a —bx
dx
or vdv=|(a — bx)dx
J- v? J- x2
or —=agx-—+C
2 2
Asatx=0carisatrestC =0
2 bx?
Y o ax—
2 2
For v to be maximum.
d bx?
—lax-—|=0
dx[ 2 ]
Le., a—bx=0
or =

Car will come to rest when

2
ax - _o
2

L 2
b

2
~.Distance between two stations = ?a

Option (a) is correct.

..(1)

Motion in One Dimension

7. Force = — kx?®

2

Acceleratiﬂn=—k—x2
2m
" dv__ke?
dx m
- kx?
dv=|-—d
or IU v J = x
2 3
. v __ke o
2 m 3
Nowatx=a,v=0
_kd
m 3
2 2 3
Thus ¥ = L L
2 mx3 mx3

Option (d) is correct.

LU, =44+ 41 and v, =4t
% =4 +4¢ and % =4t
or j.dx =j(4 + 41)dt
and [ dy = [4tat
or x=4t+2t* +C,
- c =1
Thus x=4t+2t*+1
and y=2%4C,
At t=0x=1
and att =0, y=2
C,=0
Thus y=2t2 +2

41

(1)

..(11)

Substituting value of ¢t 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
a= 3 at
=4 x tan 120°
=4 x[—tan60°]
=443 m/s®

~.Magnitude of acceleration = 4+/3 ms™.

Option (a) is correct.
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10.

1.

12.

13.

Mechanics-1

xy =%gtz

% +.1c2=ég(2r)2
X =%g-4t2 —%gt
Xy =%gt2

Xg—Xy = gt?

[z =5

V =

Option (a) is correct.

2

= t=

yz =P
2}'-@ +2:\:-d—x=0
dt dt
dy __xdx
dt y di
O
x tan30° di

=—23 m/s

or

Option (c) is correct.

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

3 Polce 408 kmih
Tt : 90 km/h
1 1
[ ] 1
[ 1
it :
2s 7s time (f)
-1
p e b 90 kmh‘1
a Sms”
90 1000
=—X—8
5 3600
ie., t=Ts
xmu=490knmrlx?sl—%x5sx90kmh4
90 %1000 9
= — e T
3600 2
=112.6m

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

%sin 0 =1 sin30°

Le., sinf = §
4

or 6 =sin? E
4

Option (c) is correct.

14. D'istance:1 op t2
2la+p

0= 1{1x4 (2
211+4
= t =~/500 s
=2236s
Option (a) is correct.

15. Let BC =¢'

mFE=-—-—-——

I

I

|

|

|
ol A

C t(s)
L
tl
= t'=6s
- OB=50s
Let OA = ¢
AB=56—t
HB2=%EG+66—¢HX24
= t=20s
) . 24m/s
Jomaximum acceleratlon =
5
=1.2m/s?

Option (b) is correct.
16. From AOAB

B 0
(3 = 0.2t) M|

0A? + OB? - AB?
2.0A-OB

cos AOB =




17.

18.

- 0A? + OB® - AB? =0A-OB
ie., AB? =0A”? + OB? -0A OB
=(4-0.20)% +(3 -0.2t)
+(4-0.20(3 -0.20)
or  AB?=16+0.04t2 —1.6¢ + 9 + 0.04¢2
—1.2t + 12 - 1.4¢ + 0.04¢%
or AB?=0.12t2-4.2t+37
For AB to be minimum
0.24t -4.2=0
or 1=175s
(AB),, =0.12(17.5)% - 4.2 x(17.5) + 37
=36.75—73.5 + 37
(AB),, =0.75m?
= 7500 cm?
=503 em
Option (d) is correct.
Velocity of ball w.r.t. elevator =15 m/s
Acceleration of ball w.r.t. elevator

¢ Max. height attained by ball
1
‘ |
1
H 1
+4 :
1
l 15 mis = vge
CEA
2 m mis
5m/s T ¥
50m

=(-10)-(+5)=—-15m/s>

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

-2 =15t + %(— 15) ¢
15t -30£ -4=0
e 30+ ,/900 + 4x4x15
B 2x15

ie.,

=213 s
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

v? =u® + 2as
o 0? =(25)% + 2A-10)H
or H=3125m

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

=83.25m
Option (c) is correct.

Now

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=15¢+ %‘(—15);2 +2

5 will be maximum, when

ds
= =0
dit
ie., 15 -15¢t=0
ie., t=1s

SoSmae = (15 X 1)+ %(m 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

Blm———————

R Q

time (s>

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

or Areaof AAPC = Area A’ P'C

%AP x PC =éA’P’ xP'C

or APXPC=A"FxFPC
or (PCtan@)PC =(P'Ctan®)P'C
or PC =P
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OR=PC+ P C'=2PC=8s.
Option (¢) is correct.
22. Areaof A A’ B’ O = Area of A ABO

1 1
—(vp—v,)4=—(u, —ug)4
2( B~ Ua) 2( A—Ug)

Le., Up —Uy=Uy —Ug
=5-15=-10
= vy —vp=10 ms!

Option (b) is correct.

More than One Correct Options

1.« a=-av!'?
i.e., @Z—II pl'2
dt
or Jv'“z dv=—o.|dt
2% =0t +C
Now, att=0,v=uy,
1/2
: (‘1‘1 =2
= 2012 =— ot + 2082
i.e., the particle will stop at
912
=2
o

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

From Eg. (i),

oL gy
or J Mdu= aJ' dx
or Eua'az——ot+(?2

2 I3
Ry 32
3 3
i.e., when the particle stops
Y
3o

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

2. g =—05¢(m/s?
dv ¢t

dt 2
or fdvz—%]tdr

(D)

23. u, =6 ms ™!, up=12 ms ™!
and at ¢ =4 s common velocity = 8 ms™

To find velocity of Aat¢=10s
UA"'S _RA-S

or R —

Option (d) is correct.

U:-t—+C1
4

Att=0,v=16m/s
2
peaf e ig
4

From above relation v is zero at
t=8s

Options (a) is correct.

From relation (i),

g
@z—t—+16
dt 4
£
st:j(-—+ 16)0!:
. 4
£3
ie., s=—-—+160+C,
12

3

- (D)

s=—1_416t [Asat¢=0,8=0]
12

Att=4s

s =58.6Tm
Option (b) is correct.
The particle returns back at t =8 s

From relation (ii)
3

85 =—f—2+(16><8)=85‘33m
10°

SJ_O:—E"‘{].leO]:TB.sGm

Distance travelled in 10 s
=8g + (85 —89)
=(2 x 85.33) - 76.66
=94 m

Option (c) is correct.

Velocity of particle at t =10 s



2
BT

Vg =
=-25+16
=—9m/s
~Speed of particle at t =105 is 9 m/s.
Option (d) is correct.

3. |vlis scalar.

~.Option (a) is incorrect.
dv
dt
- Option (b) is correct.
v” is scalar.

- Option (c) is incorrect.
Vo oA,
—isv (unit vector)
v]

dv s o
—=a#a
dt
- Option (d) is incorrect.
. North
Y (km) 1A (3. 4)
(@“ 20 km/h
08
37
B East
X (km)
South

v, =—20j kmh™’
v, =(40¢0837°)1 + (40sin37°)j kmh™
=(321+24)) kmh™

—> —3 —
Vap =V4 — Vg

=(-20))-(321+24})
=-321-44)

Option (a) is correct.
Option (¢) is incorrect.
At any time

=31i+4j+(-209¢

¥
A

X 2 "
S, =(321+24 )¢

=a (by definition).

5.

Motion in One Dimension = 45

Position of A relative to B :

§AB =§A “‘gs
=(31+4)-20t3) —(32t1 +24tJ)
=(3 -32t)i+(4—441)]

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

Case L.
v=(Let)
ty ts Average
velocity = vy
Rest N — &2 Rest
- S >
v=al;
U=ayt,
1. .3 2
8 =—ayly +—agt;
2
Case IL
vi=2v
fy t Average
- a1 - = velocity = va
Rest
Sz
v =2a,t,
=2
2v = ayl,
z{ﬂugtg) = agrg
= tq = th
1 1
Sy = §(2al)t12 + Eaztg
s 1
=a,t! +=a,2t,)
2
=a,tf +2a,t?
25, = a,t + ayty
8, > 28, (i)
4s, =2a,t? + 2a,t;
5, <4ds; -..(ii)

Combining Eqs. (i) and (i1),
25 <8, <4ds
Option (d) is correct.
51
t + iy
1 a,ltl?' + %aztg

ie., v = 2

In Case Lv,, =

t +1,
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_at)E +(agty)i,
20t +t5)
_ vt + vty _v
2t +t,) 2
In Case II.
= 82—
b+

Uav

3 at} +2a,t2
T
gt + agty (2ty)
- t +21,

oty +u(2ty)
42,

=v=2

Option (a) is correct.

ie., Uy

Option (b) is incorrect.

6. 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.

7. F=out
= ma=aot
or 0= -3 t .o(1)

m

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

-.Option (a) is correct.
From equation

v _o ,
di m
J’dv=£_[zdr
m
: o t?
1.e., vt=—-—+
m 2

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

Option (b) is correct.

ba =—3s+ 30

5-0@:—3 + 30
ds

or [Budv=[(~s+30)ds
2
or si=—S—+3123rs-c-r:1
Z 2
= 2
or 2= S— + 30s L0
2 2

[C; =0as at s =0 particle is at rest]
Substituting s = 10 m in Eq. (1),

g 2o 10°
ie, v=10m/s
-.Option (b) is correct.

+ 300

From Eq. (i) v to be maximum

~5+30=0
5=230

5 (30)?

Evf,ax =g (30 x30)

5 o

or 3 Umax =450

or Vi = 180 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
| ?av I <Uay

Option (a) is correct.

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

..Option (c) is correct.

fu=0v=atands =%ar2

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



11. Swimmer will reach point B

B
T =
1 ! u
b v -V cos 0
LY
vsinB wu
if vsin® =u
Le., v>u

Option (c) is correct.

Time to cross the river
e b b
veos® 2 — 2

[asvsin® =u]

Option (b) is correct.

b
" v(cos ) ax
P

v

min

Option (a) is correct.

12. At time T, particle's velocity change from —
—ive to + ive.

Option (a) is correct.

As slope vt is same throughout, particle's
acceleration is constant.

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

{Amt = [%] - [%]} displacement  of

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

Option (d) is correct.

13.
f4 -y —-— g —
Velocity? : ol O
Accel : (o) (_E’J
14 -y |y —=
{
v =0t v =Pty
1 5 1. .4
=—ot, L, =vt,, L, ==Pt:
LI 2 1272 2 3 zﬁ.{
—§vtl=%ut3

Motion in One Dimension = 47

t=t + 1ty + 1

_2h b 25

v v v

:E_l+§+fi+i+fi

v v v v o

I 1

=—+=[4 + 1]

SFolh vk

I 11 o, 1 2]

=—+—| =o'+ =Pt;

v v[2 2 QB“
2 2

v 2?27

i 1at? 1B

= U[ a5 T 'ﬁz'z'z:'

v 20 2P

) U[l 1]

== 4 —| =+ —

v 2o P

Option (b) is correct.
For ¢ to be minimum.

or iz=& i
v 20
_ [21ap
o ) \o+B

Option (d) is correct.
14, x=t> and y = £ —2¢

E:Qt and dy_352_2
dt
dx dy
Att=0, —=0 but PR
dt dt

s.at ¢ =0 particle is moving parallel to y-axis.
Option (a) is correct.
Option (d) is incorrect.

Att=0, v=-2j
dt®

and i—j‘;’=6t

Att=0, a=2i

1.e., via

Option (b) is correct,
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Att = E:

\3 B
B 512 b @=3(3]—2
dt \3 dt 3

:.Particle is moving parallel to x-axis.
Option (¢) is correct.
15.
Speed 2 mls 14 m/s

X P Y
Starting (Mid point)
point of Xand Y

at, =2 and at, =14
ty =",
1 1
S+ 8, =§at12 + Eaté
1
:Ea(zf +13)
“Late? 4 ()
2
=25a t}
Match the Columns
1. (a)

Oy =

{acceleration)

= | —=

4 N

v (velocity) v (velocity)
+

+

=1 t—
Speed increasing

(a) (a) — () (s).

Speed (v) at a5 :

v =2¢1(L1 = Sz]

2
=a(8; + 8;)
=a(25a t7)

5 v=>5at

or v=10m/s

Option (a) is correct.

Time ¢ to reach P from T

10=2+ at
= r=§ ... (1)
a
Time # to reach Y from P

14=10+ at
¥ = 4 ...(ii)
a
Comparing Eq. (i) and Eq. (ii),
=2

Option (c) is correct.

(b)

(acceleration)

| |+ o=

4 N

v (velocity)

v (velocity)
+

~

+

Speed decreasing

Speed decreasing Speed increasing

(b) (b) = (r) (s).

(c) s = kt®
ds
=22 —opt
S



~v must be increasing with time.

= speed must also be increasing with time.

(c) — (p).
(d) Slope is + ive and decreasing.
- Velocity must be decreasing with time.

= speed must also be decreasing with time.

(d) — (q).
(a)v=-21
- Initial speed = |v|=2
a ==4]
Velocity (@ ) at timet
w=v+at
=—2i-4tj
Speed at time ¢ = || = ‘um
Attt >0
lB1>1v
Speed increasing.
i (a) = (p).
(b)v=21
1v]=2

a=2i+2j

w=21+2¢1+2¢]
1B1=(2+28)" + (2¢)*
Ast>0, o] > vl

(a) = (p).
(c}?:—‘}.’i\ and a=+21i

i -5 = 3
Usingo=v + at

G=—21+2¢1
or ®=(2¢-2)1
lol=12¢-2]
Att=0s Speed =|6|=2m/s
t=1s lo]=0m/s
t=2s lo=2m/s
t=3s |ol=4m/s

Motion in One Dimension = 49

~(e) = (s).
(dv=21i and a=-2i+2]
O=v+at

=21-2¢1+2¢t)

=(2-28)1+2¢]
181 =2 -28) + (2¢)*

Att=0 o] =2
1 Y —
t= § lol=v2
=1 lol=2
£=2 lol=+20
wAd) - (s).
. (a) From A to B,vis increasing and area is
+ive.
& (a) = (p).
(b) From B to C, vis increasing and area is
+ive.
5 (b) — (p).
(c) From C to D, v is decreasing while area is
+ 1ve.
(c) = (q).

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

. (a) Displacement = Area

_10x4
T2

2
.. Average velocity = + IO =+ 5 unit

=20 unit

ie., (a) = ().
. 1x5 .
(b) Displacement = + 20 — S B +17.5unit
+ 17.5 unit
3
=5.83 unit
(b) — (s).

(c) Displacement = + 20 + (

.. Average velocity =

2 x(-10)
2

=+ 10 unit

+10
.. Average velocity = 8

ie., (c) = (s).
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(d) Rate of change of velocity at t =4 s
5 0-10

a= =
4-2

=

. Rate of change of speed at
t =4 s would be 5.

ie., (d) — (r).
(a) x =—20 + 5t*
0=-20+5¢2
= t=2s
iL.e., (a) = (r).
(b) x =—20 + 5¢*
2 _ 10
dt
d =10
dit?

Velocity will be numerically equal to
acceleration at ¢ =1 s.

Thus (b) — (q).

(c)Att=0s x=-20m
t=1s x=-15m
t=2s x=0m
t=3s x=+25m

Particle is always moving along + ive x-axis.
(c) = ().
(él)t,r:ﬁ =10¢is zero att =0s.
dt
d) — (p).

(ayx=1-2¢ + 2
0 =1-2¢ + ¢* [for particle to cross y-axis]

ie., t=1s
Y=4-4t+1¢2
D s
dt
=—4+(2x1) [att =15]
=—2unit
~(a) — (g).

(b)Y =4 —4¢ + t*
0=4—4i + ¢* [For particle to cross x-axis]

Le., t=2s
£=1-2t+ ¢t
%:—2+2t
==-2+(2x2) [att =2s]
=+ 2 unit
~(b) — (p).

© [EJ ~ -2 unit
dt t=0s

and[f{x] =—4 unit
=03

Initial velocity of particle

(=2 # (4P
=25 unit

ie., (c) = (s).

d*x
d — :2
(d) -2
and d—zy =

dt?

-, Initial acceleration of particle = 242 unit
i.e., (d) — (s).



Graphy
28. OA : slope is + ive and increasing.
5
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,
i f
v
Mo M
NP (¢
ol Nt ol t

=
v
M, .
S B Ms //
] r 0

In M, and M4 :0°<8<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 5 : 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

a=tan 6

v =mt - v, (st-line)
Ids = _[(mt - ug) dt

l.e., s=m:-——vyt+ 3
9 0 0
1
or 3=so—uot+§at2
Further, azﬁztani}
dt

As for 0° <9< 90°
tan 6 is + ive, a is + ive.
Case Il

[+

VA

t

v=~Fk (constant) (st line

time-axis)

= [ds=[kat

s=kt + s

-
dt

parallel

Further,

27

(Parabola)

C-m=a)

to
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Case III.
v s
Vo Sg
=
i)
N | t
a
= t
a=tang
v=v, +mt

Ids.':_[(u{, + mi) dt
2
: t
i.e., s:vﬂt+m5+sﬂ
1
or 8 =8y +vot—§at2

Further, a = ﬂ =tan®
di

As for90° <0< 180°
tan 0 is — ive, a is — ive.
Time-displacement graph

Time Area Initial Net
under the | Displacement | displacement
|_graph |
at0s |Om =10 m =10 m
2s 10m —=10m 0m
45 30m —-10m +20m
6s 40 m —10m +30m
8s 30 m -10m +20m
10s 20 m —10m +10m
s

+30mE

i
+20mp 1

1 1

1 1

| 1
+10m ' !

| I i

| 1 ]

i i i

l L 1

2 4 6 8 10 —=

=10m

Time-acceleration graph

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—— Pe—
i i
] ]
i 1
1 ]
4 } } ! L
2 4 B B 10—
| l i
i ] ]
1 [} I
| IR —

31.

32.

33.

34.
35.

a = slope of v-¢ graph.

8§ = area under v - ¢ graph.

Corresponding graphs are drawn in the
answer sheet,

Average velocity = % = Netarea = A -4y

Time !
Average speed = % = @
Average acceleration
U, -0 —10—
= B 20=—51’1’1Js2
time 6

vy —U; = Area under a-t graph.

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

(c) Equations are written in answer sheet.

Relative Motion

35.

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

=(-g)-(-g)
=0 m/s

(b) Initial velocity of 2 w.r.t. 1
=(+20) - (-5)
=25m/s

(¢) Initial velocity of 1 w.r.t. 2
=(=5) —(+20)

=—25 m/s



36.

~ Veloeity of 1 w.r.t. 2 at time t(: %s)

—(-25) +{0)(%J

=-26m/s
(d) Initial relative displacement of 2 w.r.t. 1

S, =-20m
: — — 3 1- P
Using S =8, +um]t+§aml e

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

w.r.t. 1 will be zero (i.e., S= 6)
0 = (-20) + (~25)- G]

= t=0.85s
Let length of escalator L (= 15 m)

walking speed of man = £
90
Speed of escalator = L
60

Time taken by man walking on a moving

L
escalator = T
o e + AR
90 60
=36s

Required time has been found without
using the actual length of the escalator.

37. S_:] = 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

12m 1w 2mls
J_ L1 T Elevator

5m

Using§ =§U Uy t+—21~am] ¢

38.

39.

29

Motion in One Dimension
0=(+10) +(-16) ¢t + %{+1{]) £

or 5t — 16t —10=0
t=3.65s
Position of elevator when it meets ball
=5+(2x3.65)

=12.30m level
time =0 time =t
2.2 nis?

3.5 nk?

T
%X;

(a) é(zz} £ =60 )

b
]

o

B, S L.
G
—
®

60 m

= t=7.39s

(b) %(3.5)# _60+2 o)

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

60+ x _ﬁ
60 2.2
x 1.3
or —_ =
60 2.2
x=35.5m

(c) At the time of overtaking
Speed of automobile =(3.5)(7.39)
=25.85m/fs
Speed of truck =(2.2)(7.39)
=16.25 m/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
Upgl Tl T Qg t

(-v)=(+w +{-(a+ g}t

= (a+g)t=2u

2u
or a=T—g
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2 4
sin(45°—8) sin 45°

40. A B
f OAB=0A=20m
20 m 22 mis
l, 45°
(@]

OB=$DAF+LAE2
= (200 + (20

=202 m
Speed along OB is 2+/2 m/s
5
. Time taken to reach B = L2ml
242 ms™
=10s
41. In AOPQ,
A B
p _R?;er flow
(1 Q
45°
0
OP=|v,, |
OP=|v, |
PR oP

sin ~ POQ  sin ZOPQ

Objective Questions (Level 1)
Single Correct Option
1. As the packet is detached from rising
balloon its acceleration will be g in the
downward direction.
Option (b) is correct.
2. While going up :
Stops
3

W

f (Air resistance)
mg

0= [sin‘l [2\%] - 45°]

42, Let pilot heads point R to reach point @

or

or

Using v

ie.,

North
Q

1000 km

East

PR
200t
500¢
B =sin""(0.4)
(PR)* =(RQ)* +(PQ)*
(500 #)* = (2008)* = (1000)*
1000

J(B00)* - (200)°
10 10

T 5-4 V21

[]:u_(md.g.wfJT1
m
_um

mg +f
=u® +2as

0% =u? _2(mg+ f)s

m

L

2

g mu’
2(mg + [)

While coming down

s=£[mg_f]2?22
2 m

mu® _1[”1§—f]Tz
= 2
2mg + f) 2 m

...(1)



6.

7.

T, = um _
J(mg + f)(mg - )
Using Eq. (i) and Eq. (ii)
T, _ |mg+f
T, \mg-f
%
Option (e) is correct.

..(ii)

—

Angular speed () of seconds hand

2 g
60

Speed of the tip of seconds hand
cm/s E

v=£><l 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

v=ra

Option (d) is correct.

5+5H -1
E 5 - 40ms
+
30 60
Option (c) is correct.
Relative velocity of boat w.r.t. water

=@Bi+4)-(-8i-49)=6i+8)

Option (b) is correct.
(1IBx11)+ (42 xw)

Average speed =

2=
18 + 42
=v=25.29m/s
3
L
3
b= _g9_gp ()
dt
. Particle is at rest when
32-8£2=0
ie., t=2s
Differentiating Eq. (i) w.r.t. time ¢
dv
a=—=-16¢
dit

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

31

Motion in One Dimension

8. For first one second

9

10.

2=la><l2
2

a =4 m/s?
Velocity at the end of next second
v=(4)x (2
=8m/s
Option (b) is correct.

x=—3t+1¢°

=

.. displacement at time (= 1s)
=-3M+@’=-2m

and displacement at time # (= 3 s)
=-3(3)+(3)*=18m

And as such displacement in the time
interval (t=1stot=23s)

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

Acceleration a = bt

L
dt
or Jdu=jbtdt
or v=£bt2+C
2
Now, att=0,v=1y,
C=Un
ie., v= %btz 4+,
ds 1
or E=U”+§bt2
1, .
ds= + = bt? |dt
or Jea=f[vo +56°)
or s=u0t+ébta+k
Att=0,5=0,
: E=0
1,3
= s =vyt +—=bt

Option (a) is correct.
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11.

12.

Mechanics-1
%g (2¢% + 6) m (given)

A ¢ 3rd drop
time =t —9"2
\

}‘M

e2nd drop

a | 2
5921
time =t 2

st drop Ground

1
S SRS AR o S L B

1 5
. Height of 2nd drop from ground
=5m - —m
4

=3.75m
Option (c) is correct.

[attime = 1] 2 m/s 20 mis

[At time =t — 1]

s=1g108
2

=20(t—1)+%x10(t— 1)?

or £=4@¢-D+FE-2t+1)

or 2t-3=0
3
or t=—=8
2
2
s=1x10x[§]
2 2
=11.26m

Option (c¢) is correct.
v=1 ; + £
5 J

Thus, velocity of particle at time # (=2 s)
will be

v, =21+4]
Option (b) is correct.
13. v§ =2gh and u” =2g(3h)
w2
— =3
Ug
or U=vg\3
Option (a) is correct.
14. v, =8¢ -2
dx
: — =8t-2
dt
or de=J(8£—2}dt
or x=4 -2+ k

Nowattr=2 x=14
14=4-22 -2+ K

ie., k=2

Thus, x=4f -2t +2
Further, v, =2

ie., o) =2

dt

or de = I2dt
or y=2t+k
Now,att=2,y=4

k=0
Thus, y=2t

Substituting ¢ = Y in Eq. (i),

2
2
x= 4(1] —2(1]+2
2 2
or x=y —y+2
Option (a) is correct.

15. x =5tand y =22 + ¢

E:Sza:rlltid—y:‘=1.-:+1
dt dt
dy dy/dt
Now, —=
v dx  dx/dt
tan45°=4t+l
= t=1s

Option (b) is correct.
16. y =8t -5t and x = 6t
dx

d—y=8—10tand—=6
dt dt

...(1)

.. (1)



Att=0
Q =8and @ =6
dt dt
.. Veloceity of projection
2 2
(&) &

dt
=10ms !
Option (e) is correct.
17. po 22
8
T_ E(E
3 Ygl\9
M Top of tower
¢H/9
T| 4= Y __.
of| ® T
H (W H _8H
E H-g=%
R
| | l4=7  _J Ground

Option (c) is correct.

18. Distance of farthest corner from one
corner

—a+a+a=3a

~ Time taken = Bd
u

Option (a) is correct.

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

(mfs) ] |
'. :
1 1
| 1
4 8 12 t(s) =

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

= Area under t-v graph
A s eim

Option (b) is correct.

Motion in One Dimension

20. ik

L{17T'] Spm———

In time interval ¢

Umax

Acceleration =

In time interval ¢,

Retardation = 2% — 2¢

ty
Umax 9. Umax
b 4
Le., t =2t
Now L+t =t
2 + 1, =t
t
or tg L §
Depth of shaft = Displacement of lift
1
= 5 Umax (&) +15)
1
= E Umax (26‘2 + t2)
3
= E Umaxla
3
= E(Qa.ﬁz) L

I 1
w
2
e

2
s
| ==
e

2!
e

3
Option (b) is correct.

21, s=2ut+%at-2 =ut +%2at2

o
]
=

+0

time=1{

(8]
=
sl

33



34 Mechanics-1

or u—lat=0
2
or L‘=§
a
2
a(2):42)
a 2 \a
_ 4kt
a a
&2
T a

Option (a) is correct.

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

particle.
Actual path followed
u by the particle
——— v
t=0" [ t=T
30 m/s ! u = Vertical speed
I 0m (w.r.t. cart of
the particle)
80m
For cart T = = ! 5
30m/s 3

For particle 0 =uT + %(—g} i

i.e., L T2 =uT
2

r-2_8

g 3
. 2u 8
ie., —_==
10 3

40

or U =—ms
3

Option (¢) is correct.

23. A = %(+10}(+1) =+5m

A, = %(—10)(+l} =-5m

f (Air resistance)

Il
(=]

u

—0

24,

26.

v (m/s)

.. Displacement of particle at time (¢t = 2)
=(+5m)+(-5m)
=0m.
i.e., the particle crosses its initial position
ati=2s.
Option (b) is correct.

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

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

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

.. Correct option is (d).

Let acceleration of lift = @ (upwards)

Displacement of ball in time ¢
=Displacement of lift in time ¢

Uot—%gtg :%atQ

or vg — _g; = —;
2v, — gt
i Up — 8

X
Option (a) is correct.

a=-0.20
v __ o2
dit
or J‘U'Edu= —O.QIdt
U—*z +1
or =-02t+C
-2+1
1
or - —=-02t+C
v
Now, at ¢t =0,v =10 m/s (given)
»-.] =0+C
10
ie., C=—i

10



27.

28.

29.

Thus,—1=—0.2ef—i
v 10
"+ For velocity v at time £ (= 2 5)
1 1
-=—(02x2) - —
v 10
141
v 10 10
11
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, =256m
For displacement (S,) of train 2 before
coming to rest
0* =(20* +2(-1 S,

ie.,

i:e., Sy =200m
Spin =S1 + S
=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)

40t + %(-g)ﬁ =40(t-2)+ %(—g)(t -2

of %gltz—(t-2)21=80
or (t+t-2(t-t+2)=16
or 2-2=8

or t=56s

S=40x5+ %(-10)52

=200-125
=75m
Option (b) is correct.
O=u-gT
ie., u=gT ()
H=uT—%gT2 ..(ii)
and h :uz—%gtz ...(iii)

Motion in One Dimension

Substracting Eq. (ii) from Eq. (iii),
h-H=ut-T)+ %g(Tz _#)

= gT(t—T)—%g(t— ne+1)

=(t—T)g[T—%(t+ T)J

2T—t—T]

=(t—T)g[ 2

1 2
= - = t—T

2g( )
1‘..9.,}1=H—%g(t—T)2

Option (d) is correct.

30. x=tz

3. Jx=t+

x=1 +6t+3

ﬁ=2t+|6
dt

iLe., vect
Option (b) is correct.
32. Aeroplane’s velocity at time t (=20 s)

=Area under curve (¢-a graph)
=(20x5)—[%x 10><2]

=90 m/s
Option (c) is correct.
33, v=51+5
At s =0(i.e., initially),
velocity of particle =5 m/s
Option (b) is correct.
Differentiating equation (i) vr.r.t. s
@ _5la+p2
ds 2
dv _ :

1
5 = ==
-—=—(1+5) 2 -5(1+5)2
v =7 2( ) ( )

=12.5m/s?

35

i)
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34.

35.

Mechanics-1

Option (b) is correct.

See answer to question no. 2.
Time of ascent  [mg - [
Time of descent \mg + [

_ |mg—ma
mg + ma

_ [e-a
g+a
_10-2
V10+2
= |2
3
Option (b) is correct.
] -
10t 9 River flow W
I
]
Y
5t
5t
ginf=——= 1
10¢ 2
= 0=30°
Option (b) is correct.

36. F ., =3t -32

i.e., Ml =38 39

3£ -32
or anet S e R

10
or Aoy =0.382 —3.2
or W _o32_39
dt
or j dv = j (0.3 —3.2)dt
038

or U= 3 -(3.2t+k
or v=01-B3.2t+k
Now, att=0,v=10m/s
10=F
Thus, v=0.1#-3.2¢+10
satt=56s

v=0.15%-3.25)+10

N
+E
S

37.

38.

=12.5-16.0+10
=6.5m/s
Option (b) is correct.
u?= 2¢H
= H= LN
2g
10° =1 - 2g%
= u? =100 + gH
A Stops
10 mis
H
!
2
y l et
Thus, =100+ gH
2g
or gH =100
= H=10m

Option (b) is correct.

110 mls

18 m

u
t=0
10* =u? -2g x 15
100 =v* -2x10x15
ie.,, 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.

3.

As acceleration (a ) is just opposite to

velocity (?), the particle will move along a
straight line.

T
[
|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+%at2 + k

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

1 .
s=ut+—at®
2

Thus, reason is true.
Displacement in time ¢,
= Area under v-t graph

= =yl
200

.. average velocity in time interval ¢,

_ Displacement
to
1
S Voto

|

i 2
.. Assertion is true.
Reason is also true as proved.

4. Acceleration (a) will be zero only when

velocity does not change with time

a‘—u.@
ds
_ds dv
dt ds
_dv
Cdt
:.az(}ifﬁzﬂ
dt

orv is constant with time.

Thus, Assertion is wrong.

. = d .
Reason is correct as a is equal to d_: which

is instantaneous acceleration.

. If acceleration is in the opposite direction

to the velocity of the particle the speed
will decrease.

w=10m/s
a = -2t m/s®
dv
Z——fﬁt
Idu =J—?tdt
v=—2-—+k
2
At t = 0s, velocity = + 10 m/s
: k=+10m/s
5 v=—# +10
Time (f) v m/s speed (m/s)
15 9 9
25 6 6
35 1 1

.. Assertion is true.
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6.

Mechanics-1

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

_ -3 i
e 2(ms™) (given)
[This implies that reason is true]
[da=[2dt
a=2t+C

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

a=2¢
or @ =2

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-f 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.
5, =2t-4f
and S, = - 2t + 4£
= displacement of particle 2 w.r.t. 1.
Sp1 =5 =5
=(-2t + 4¢%) - (2t - 4¢°)
=— 4t + 88

10.

11,

Time ¢ | Relative Displacement
Os 0Om
1ls 4m
28 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:E.
a

Thus, for t < =
43

v is +ive

?

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 ¢ when the two are at the same

height.
fA u=0
L]
‘ a:-l-g B
A.o.--.T.---q.--tirner
1
1
S
l iu=\e'§1-
B
S +8,=h
39 )7 (4-5¢)
= tlut—=gt"|=h
(56°) ¢ (w~3e
ut=nh



4 Projectile Motion

Introductory Exercise 4.1

1. A particle projected at any angle with =80-Lx10x% =60m
horizontal will always move in a plane 2
and thus projectile motion is a U= 1|'uf +U§,
2-dimensional motion. The statement is P
thus false. =y 40 +2
2. At high speed the projectile may go to a =205 m/s
place where acceleration due to gravity tan 6 = Yy 20
has some different value and as such the v, 40
motion may not be uniform accelerated. ] (1
The statement is thus true. L ¢="tan (E)
3. See artf{j_cle 4.1. P \l/; 2 ¢
4. u=40v2 m/s,0 = 45° =
, : = \/80° +60°
As horizontal acceleration would be zero.
=100m
¢ s
2
tano =—
S.r
_60
80
ie., o = tan™! (iJ
v, =u, =ucosf =40m/s 4
s, =ut=(cos0)t=80m 5, Syzuypr%(_g)t?
A : position of particle at time = (. X
B : position of particle at time = ¢. or 8y = (usin )t - ngz
As vertical acceleration would be — :
g or 15-20¢— 2 gt*
v, =u, — gt 2
=usin®= gt or ?=4t+3=0
=40-20 ie., t=1sand3s
=20m/s y 6. See figure to the answer to question no. 4.
s’,‘_:n:y~t—§‘.g?t2 u =40m/s, 8 =60°

u, = 40cos 60° =20 m/s
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Thus, v, =u, =20m/s

As 0 = 45°
v
tang=-2X=1
UI
¥, =v,=20m/s
Thus, v=qv; +02 =0,2
=202 m/s

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

or 2=2.3 ¢

= t=2(3-Ds

After attaining highest point
-20 =403 - 10t

ie., -2=2/3 -¢

or t=2(3 +1s
7. Average velocity = ﬂ—
Time of flight

. u’ sin 20/ g

"~ 2usin olg

_214z2sinowoso:)'< g
g 2usino
=1L COS O

8. Change in velocity

tusino U

|
|
|
—U S“'T a_ u
=(—usin o) — (+usin o)
= - 2usin o
= 2u sin o, (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+(4¢—5£)jIm

y-coordinate will be zero when

4t -52 =0

Le., t=05,£s
5

=0 belongs to the initial point of
projection of the particle.

r=0im
ie., x=0m
Att=08s,

r=24im
i.e., x=24m

M. v,=u,=10m/s

I
0!

u, = 20 cos 60°
=10 m/s
v, =u, =10m/s
v, =vcos ¢
[
= cos fp=—=
v
_lo
v
10 20
== [as, v = — (given)]
10 g &
=il
ie., 0=0°

.. Speed will be half of its initial value at
the highest point where ¢ =0°.
_usin®
g
208in 60°
D e———— .\E =)
10

Thus, t
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Introductory Exercise 4.2

1. Time of flight

o =60°

B =30°
u =10 m/s?
g =10 m/s?

_ 2usin (0. - )
- geosf
_ (2x10sin(60° —30°)

T

10cos 30°

Using, v=u+at
v, =u, =ucos60°

:lﬂxéz&:ﬂfs

v, =u, +(-g)T
=usin60° — gT
/3 2
o | et | R
2 V3
3—4
=10 —=—
57)

=—i_mfs
<3

Vet = U2 + L%
[ wENE
e
VoWs

1
= g [
Ny

N3

2. Component of velocity perpendicular to

plane
=Upe COSP

= ﬂ x cos 30°

NE)

10 V3

P~ Mt
V3 2

=5m/s

3. Let the particle collide at time ¢.
v , D

i |

|

—— X ———t|— K=
I d i

1(im

x, =(ucos0) ¢t
and X =0t
; d=xy — X
=(v+ucosB)i
=[10 + 10y2 cos 45° |t =201

Using equation, s = uf + %atz

For vertical motion of particle 1 :
h—10=(usin®) ¢ + %[—g)tz

1
ie., h=10+ (usin0) ¢ — 5 gt?

or h—10+10t—%gt2
For the vertical motion of particle 2 :
1
20-h==gt
2 g
ie., h=20- %gtz

Comparing Eqgs. (i) and (ii),
10+ 10t—égt2 =20—%th

= t=1s

o d=20m
4. u=10m/s
v =5V2 m/s

wasld)

...(ii)
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0 =30°
o= 45°
d=15m

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

d=(ucos0)¢+(vcos ()t
=  15=(10cos30° + 5v2c0s45°) ¢

or 15=w{§+mt
or fi= B 8
=1.009s
Now, let us find time of flight of A and B
T, = 2usinB
g
=1s

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

Ans : NO.

5. For range to be maximum

=
Il
fad
<
(S
|

|
(o] ]

=4
1]
+

b |~
(=2}

|
w8 rbln = | 3
+

=60°

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

u=40m/s
o =60°
B =30°
g =10m/s?
0=
U, =U, =UCOS O,
v, =vcos ¢ =vcosf

or ucosa =vcosf
ucoso,  40cos60°
= v= =
cosPp cos 30°
40(1]
w 2
¥3
2
40
= —m/;
i S

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

=Vertical displacement of B

time t

L}

! X *

(vﬁsmﬁ}t—%giz :Uﬂt—%gtﬂ

ie., v,8in0=uy
sin9=u—3
Uy
10 1
T2 2
0 =30°

(b)x=(v, cos®) ¢
=&0am3m)x%

=543 m
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AIEEE Corner

Subjective Questions (Level 1)
u?sin20  (2042)* sin90°

1. (aR= 5
=80m
e u’sin® 0 _ (2042)* sin® 45°
2g 10
=40m
oo 2using _ 2(20+/2) sin 45°
g 10
=4s

(b)u=(201+20) m/s and a = — 10 m/s’
—v=u-+at
=(201+20) +(-10Dl(att=1s)
=(201-10 ) m/s

(¢) Time of flight
2usin @
T=
g

2% 2042 x (iJ
/2

10
=485

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

=(201+207) +(-10))4
=(20i-20)) m/s
2. (@) s=ut+ %at‘*

20 m/s
} 2042 mfs

1
+1

(=40) =(+20) T + %(—10) Vi

or 572 — 20T — 40=0

or T2 4T -8=0

i B J(=4)? — 4(1)(-8)
2(1
Leaving — ive sign which is not positive.
_4+48 4+448
2 2
=(2+2J3)s
=546s
R=20%x5.46=109.2m
(b) s =ut + A at’
2

* 20 mls

a=—10 m/s?

R —

(~40) = 0x T + %(—10) T2

=4 TZ2v’§S
=2.83s
R=283x20
=56.6m
(c)s=ut +%at2

202 mis
—40m

T

—~— ] ——
(-40) = (-20) T + %(—10)13

or 5T% + 20T - 40=0
or T2 14T -8=0

- —4 4+ J(4? -4 (-8)

2(D)
=$=—2+2J§=14ﬁs
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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).

=(usinB — gt) — (usin 0)
=-—gt

=—(10x3) m/s
=-30m/s

=30 m/s (downward)

(b)u =(201+20% m/s
a=-10jm/s’
~. Displacement at time ¢ (=3 s)
—ut+ %i_i) 2

_(208+20%3 +é(—10’j)32

=601+60j-45]

=601 +15]j
- 60i+15])
Vav = ——
3
=20i+5j
= [Vay 1= (207 + (5
= /425
=20.6 m/s
4. R+vT =50
u
t=0 Player
R v
C h =
= 50 m i
» uT=s5p 2408
g
Lo 2usin® _ o (207
g 10

Ux[2x20x51n45 J:IO
10

1 t=0
|
|

100

40xi,_
2

5
=—m/
W) s

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

{,a =-10mi_ Yeina

O| 60 cos 60°

vcos B =60cos 60°

= vcos 45° = 60cos 60°
60cos 60°
= V= —
cos 45°
= 3042 m/s
For point P:
vsin 45° = 60sin 60° + (-10) £,
/3
or 30:60‘?-10:1
=2.20s
For point @ :
—vsin 45° =60sin 60° +(-10) £,
=33 +1)
=820s
6. Y=bx—cx?

Differentiating above equation w.r.t. time ¢
dy _ b dx dx

=b—-2cx — il
dt di T dt g
= d—y=bE (atx=0)
dt dt
2 2

=,1+8 % ..(i1)



Differentiating Eq. (i) w.r.t. time ¢

2 2
dy d—-%(i":] -Qdeg— .(iii)

a2 d

Acceleration of particle

o (5] (&)

d*x
=0
dar
2
Substituting ﬂ =0 and —1 =—a in
de’ dr’

Eq. (iii)

B [dx]

— a =
dt

L.e dx L
o dt V2e

Substituting above value Uf% in Eq. (ii)
—
U= .U— 1+ %)

() Velocity at point A = 7.61 + 6.13

-~ Initial vertical velocity at a = 6.13 m/s.

Final vertical velocity at B (highest point)
=0m/s
Usingv® =u® +2as  (Between A and B)
= (6.1 +2(-10)(+h)
(6.1)%
20
=1.86m
». Maximum height attained by ball
=91+ 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% =} +2(-10)(9.1)

=5 Uy, =,37.21+182

)
—

Angle of projection
6 =tan" (
=tan (1 ]
7.6
=62.82°

u? sin 20

2[3 ﬁ:lﬂe

Range =

- (u? +u3) sin 20

) g

(02 +u})sin20

- &

_[(7.6) +(14.8)* ] sin 125.64°
10

=225m

(c) Magnitude of velocity just before the

ball hits ground
1

=[(-u,)® + (W) P
L
=[(-14.8)* + (6.1’
-1

[, =v,]

=16ms

(@) 6=0=tan™ [”—f]
ux

= tan '1(—14'8 ]
7.6
= tan "1 (1.95)

8. 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
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i.e., both will always remain in the same
horizontal line as shown in figure.

At time ¢ :

Vertical velocity of A
= Vertical velocity of B
=0+(+2)t
=gt

At A :

. Vertical velocity of particle 1

~ Horizontal velocity of particle 1

or tan9=g%t (1)
uy

At B:

tan (90°—0) = Vertical velocity of particle2

Horizontal velocity of particle 2

or cos B = 8t ...(i1)

Multiplying Eqg. (i) by Eq. (ii),
18,8
by
g
Distance between A and B
=R +R,
=t + iyt
=(u; +up)t _
=(uy + uz}"{ul—uz
&
18
T 98
=247 m

9. Y=x[1—i)=tana
R

(v x)

10.

or z + e tanao
x R-=x
or tanB + tan ¢ = tano
(Students to remember this formula)
= tana = 4 + 3
6 12
=
12
= o = tan™? (E)
4

On the trajectory there be two points P
and @ at height A from ground.
P Q

If particle takes £ time to reach point A
(i.e., vertical displacement of +A)

(+ h) =(usin0.)t+%(—g}t2

or gt® —2(usino) t+2h =0 (D)

The above equation is quadratic in ¢. Two
values of ¢ will satisfy Eq. (i). One having
lower value will be time (=t,) to reach
point P while the higher value will be the
time (= &) to reach point @.

. Time to reach point @ from point P
=bL-14

= (t +1y)" — 41ty

i /(msm 01)2 i [%]
\ g g
[Using Eq. (i)
B 41? sin® o — 2gh
- g
Jlﬁgh sin® o — 8gh
£

or (&, —t) =

(cu=2,gh)
Distance between P and @ :
2h = (ucos )ty ~ i;)

4h? = cos? oty - tl)g

& 5 i
or 4h> = (4 gh) cos® tx[lﬁgh Mo 9 Sth

gz



or 1=cos?(16sin® o — 8)
or 1=cos? 0. [16(1 — cos® o) — 8]
or 1=cos? &t [8 — 16c0s® «]
or 16¢cos* 0. —8cos? o +1=0
= (deos®a-1%=0
= 400520t=l
1
1
COS (X = —
2
cos o = 60°

(cos o = — % being not possible).

llﬁgh sin® 60° - 2gh

(tg—m:\( -

g
(Proved)

At time ¢ vertical velocity =vsin p
vsinf=usina=(-g)¢t .. (1)

Now, as horizontal acceleration will be
Zero.

veos P =ucosa
Thus, Eq. (i) becomes

[ucoscx] sinP=usino — gt
cosp
or usinocosf} - ucosasinf = gtcos
or u=7gtcos[3
sin (o — )
3 i
12. R—g=Y sin 2o
g
o
a
R |
o
ie., 8R-ab=22 202 ..(0)
g
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B R }= b
9 .
Ripl sin 23
g
L I
3¢, ol ob= T BEE e

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

bR+aR=u2[bsm2n+asm2ﬁ]
g
i RB=i (bsin 20 + a sin 28)
(a+bg
u? sin 20 il (bsin 2ot + a sin 2B)
g (a+bg
= 0= lsin'l [6 sin 200 + @ sin QB]
a+b
(Proved.)
2h
13. R, =v, [—
1 1\/g
f =
h
Ri=10m
va
R,
2
ie., h=l[&—]
2 Uy
_1(10x9.8]2
20 5
=19.6m
r= 2
Ve
_ [2x196
V98
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14. Vertical velocity of balloon (+ bag)

-
-
-
-

(0] o
—_ 12kmh -~ A
V.= 20 kmvh 2,/" 50m
— -
—i Pt ‘
=12x =8 m/s
18
10
— m/s
3

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

=@m’“s
9

=5.55m/s
12 . ;
stano=—.ie.,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 3
-80)=| —sino |t +=(-g)t
(-50) [Ssm ] 2( g)
ie., 5 —-1.7t-50=0
,_ L7417 - 4x5x(-50)
o 2%5

=337s

Vertical velocity of bag when it strikes
ground

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

ground
Unet = v U?} + UE}
=37.44 m/s
2usin (o — B)
gecosp
22042 x sin (45° - 30°)
- 10cos 30°

15. T'=

=1.69s

_ 2’ sin (0. - B)eos o

~ geos’B

 2(204/2)* x sin 15° x cos 45°
N 10cos® 30°

R

=39m
_ 2usin (o + )
~ geosP
_ 2% 2042 x sin (45° + 30°)
- 10 cos 30°

16, T

=6.31s
2
R= 2ﬁ[sin(20&+ﬁ-)+sin[3]

u
£ C08
_ (2027

~ 10cos® 30°

[sin (90° + 30°) 4 sin 30° ]

=145.T1m
T 2usin (o + )
gcosf
_ 2usinf

geosP

2
=_utanB
g

17.

C-a=0°

=2X2Dtan30°

=231s

2
R=—"_[sin (20 +B) +sin ]
geos“ B

_u*(2sinf)

- gcos’ b

_uT _20x2.31
- cos "~ cos30°

=53.33 m

o
5—[sin (20 + ) +sin f]
cos” B

[asa = 0°]

2
= g{;sg 5 [sin (2(c +B) - B} + sin p]
2

- ze[sin(:li:—B]'+sinB]
g cos

TT
f.(a+B)—§]
2
or R=2itanesec8
g



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

20.

particle 2

=(-g)-(-g)

=0
(b) Initial velocity of 1st particle = 203 m/s
Initial velocity of 2nd particle

= (2042 cos 45° i + 2042 sin 45° J) m/s

=(201 + 20 m/s

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

=[(20)) - (201 +203) Im/s
= -201im/s

=20 m/s (downward)

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

Horizontal velocity of 2nd particle
=201im/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¢=2s

=—201%2
= —40im/s
- Distance between the particles at=2s
=40m
(a) As observed by passenger
Vertical acceleration of stone

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,

Projectile Motion 61

Vertical acceleration of stone = g
Horizontal velocity of stone =v

.. Path of the stone will be parabolic.
(@ gmz=8—-(—a)

wmls 1‘ f a mis?

u

£ .

=g+a

=10+1

=11m/s®

_ 2usinB
gef‘i‘

_ 2x2xsin30°

a 11

T

=0.18s
[Gin 1ift)

(b) Dotted path
upwards]

acceleration

Full line path [In lift at rest or moving

with constant velocity upwards or
downwards].
(¢) If 1lift is moving downward with

acceleration g.

" ~%—Path of particle

gr=8-8=0
Horizontal motion :
x; =1, cos 0, and x, = uy cos B
U1 €05 0 + Uy €05 0y =20 (1)
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Vertical motion :

Objective Questions (Level 1)
1. v =31+4jandF=41-3j

v.F=3i+4) -4i-3)

=12-12=0
Flv
Path of the particle is circular.
Y
-
v
;
5 X
5

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 is
perpendicular to velocity.

Option (c) incorrect.
3. For range to be maximum
6=45°
. i, O
i.e., —~£ =co545° = —
u

or U—u
N2

20 + (u; 8in B,) £ + %(—g} £ =30

+ (i 8in B,) £ + é(—g)f

or (1, 5In0) —uy 8inBy) £ =10  ...(i)
%
V2
=14.14 m/s
= 14 m/s (approx)
Option (b) is correct.
Bigpe 8
4, H (maximum height) = ok
2g
2oa 2 2 2 o
90° -8
_.leu sin eandHZ:u sin® ( )
2g g
_ u” cos® 0
g
. 2
Thus, ﬂ _ sm2 0
H, cos“@
Option (c) is correct.
5. Equation to trajectory is
1 gxz
Y=xtan0-—-—5—"—
2u”cosBsin®
52
Y=xtan®-—
R
Area= [ Y dx
0

[ (ruana-2)
R

2 3 R
Az[x—tane——x—]

2 3R |,
2 3
—R—ta_nB—R—
2 3
_Rg[tane_l]
2 3



_4u4osin29m529 tanf 1
- g l 2 _5}
_ 4v] [sin®Beos®  sin® Beos® O
i ety
4

2 .
= 3% [3sin? Bcos O — 2sin? Beos? O]

6. vcos O=ucosB

[y
u p
1
VL (I
wcos 60°
or =
cos 30°
or V=
V3
KE at B= % muv®
1 u’
= = T ¢ —
2 3
- % [ lul-K
. Option (b) is correct.
7 u?sin20 1({]
g 2\ g
: 1
or s5in20=—
2
or 20 = 30°
0=15°
Option (a) is correct.
8. T = 2usin®
T - 2usin (90° —0)
P ko i M
g
_ 2Zucost
g
9 .
Thus, T = 321{ sinBcos 6
g g
or TI’P2 = E
8
= R= %g nT

Option (d) is correct.

. | Av. velocity | =

Projectile Motion 63

. Ry =1.6m

2
w

g

= u=4m/s
T 2u sin 45°
g
442
>
: 1042 1042
Number of jumps = 7 ~15B/10
=25
.. Grass hopper would go
=256x1.6m i.e., 40 m.

Option (d) is correct.
|Displacement |

=1.6

time

]
=.L {E] + H?
T/2\\ 2
e 2 9 2 aN2
. 1 u” gin Bcos B L|¥sin 0
" usin@ g 2g
0

g

|l . 9
=u ct:rs“”li’:Hsu‘l4
:%Jl+3coszﬁ

Option (b) is correct.

1. & =R®> +4°T

(uz ]2 2 (21@ sin 45"]2
=|—=| +y°| —
8 g
o

g g
_ 3t

&
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12.

13.

14.

Mechanics-1

d= ﬁ JEE=E
g 10
Option (b) is correct.

30° V3 =90/3 m

At maximum height
ﬂ .. 0
dt

ie., i(10;&- #)=0
dt

or 10-2t=0

or t=>5s

. Maximum height attained = 10(5) — 5°
=26m

Option (d) is correct.

[sin (20 + B) + sin ]

uz

R:

gcos® P

As o =0 (according to question)
F
L
R=———[2sinp]
geos® B inp

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

First particle :
H_.=102m
8
u"sin" o _ 445
28
g 102x2
= 2=Tg [Aso =2 = 60°]
sin” 60° 3

Second particle :

Range of the second particle will be equal
to that of particle

u® sin 29 B u? sin 2
g &
sin 2¢ = sin 3o
20=n—20

Tt
or =——0
¢ 2

if,

L.,
2 3 6
~. Maximum height attained by second
particle

_ u® sin’ i
2g
_102x2g _ sin® 30°
sin® 60° 2g
- 102><1r’4=34m
374
Option (d) is correct.

15, s:ut+%at2

(=70) = (50sin 30°) £ + %(—10} 2

or 562 —251—-70=0
or £ -5t—14=0
(t-T)t+2=0

=Ty

(—2 s not possible)
Option (c) is correct.

16. Initial separation

—

//’f \\\\
53° \‘\T
I x \
: R 5T
x=R+5T
=(ucosw) T + 5T
=T [(ucoso) + 5]

= Risino [(zcos o) + 5]

2><80><E

- "5 [[80)( 3] +5]=256m
10 5

Option (d) is correct.
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JEE Corner

Assertion and Reason

1.

2.

3.

4.

5.

Assertion is wrong while the explanation
as given in reason is correct.

- Option (d) is correct.

Assertion and Reason both are correct.
both carry the same meaning.

Option (a) is correct.

2 . 9
H%EE0 [H = maximum height]
2g
; 9
_& 2usino _ 8 2
8 g 3
ie., H o T? (Reason)

- H will become four times if 7' is made
two times.

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

Option (a) is correct.

Reason is correct as Aﬁ =0 when A and

Bare perpendicular to each other.

A
s 2, ~

In the case mentioned V is perpendicular
tou 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°.]

x=ut+ é—a,ﬁ

Y ay

1 8
and ==a.t®
b4 2ay
Thus, x=1u, 2—+larﬁ
a, 2 a,
or x=k1ﬁ+k2y
or (x-hyP =Ky

or x2+k222-2k2y—k:12y=0
or LY -Qk +E)y=0

=3 —

Vy -V,

-t
(ut+at)-(u+at)

b-t
=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 =ug

B is projected at an angle o with
horizontal.

For time (T'y) taken by A to return to the
point of projection :

(—uy)=(+u )+ T,

= T, =24 _4(s)
g

Time taken by B to reach ground

2ugsino

TB= =4 (s8)

(- Ty =T, given)
S ugsino =2g
Height attained by B

He uzﬁ sin® o
2g
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_ (29
2g

= 2g
=20m
~. Assertion is correct.

Reason for this incomplete as then T', will
not be equal to Tj.
Thus, option (c) is correct.
2
8. H=%
2g
H :H,=4H:H
2 2
Yy M. 4.4
28 2g
or Uy iy =2:1 ...(1)
R= 2uVuH
g

Le.,

For R, =R,
Uy g =Wy g
by %y

Upy Uy

u 1
or i:_

Upy 2

- Assertion is correct.

[Using relation (i)

Objective Questions (Level 2)
Single Correct Option

1. s=ut+lat2
2

= (usin 0) ¢ + é(—gt)2

=243n0-T7Tx2

For=30°: s=4.8m

10.

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

2uy,

Range =vy x

.. 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

~mv? + mgh= 1 mu’
2 2

v=4u? —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 2 would be \fuf; —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 @.
For6 =90°: s=16.8m
For06=30°: OD=(ucos@)t

=(20c0s 30°)1x 2
=20.8
QR = /(208" +(16.8 - 4.8)°
=24 m

Option (c) is correct.
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d 1 . > x
W Pt =i Slope of trajectory = tan - ————
2.3 ualsoh 2th p jectory 5w —
Substituting x = (xcos ) ¢
d_y - 2(11.(305 o)t
dx u”sinBcosH
=tan@ - t
usin @
Option (a) is correct,
5 y =Ba?
dy g g de
dt dt
= 2
wi E2oafde(4)
. : dt de® \dt
Option (b) is correct.
3..B= u* [sin (200 + B) + sin B] or o=2p x&+(@)2
" geos®B df? \dt
Substitutingv =10 mfa-;2 T ﬁ ~o
g=10m/s dr
o+ =90° (acceleration being along y-axis only)
and p=30° dx _ E
= %[Sin (90° +60°) +sin 30° | e V2
12‘3051301 i Option (d) is correct.
= —0‘:— + —] o 50 m 6. As the projectile hits the inclined plane
3y2 2] 3 ;
3 horizontally

Option (c) is correct.
1,2

4. y=xtanf-——-g5———
2 27 u’sinBcos B
Slope
2 . 2
usin” o
PQ=H_, = N
X— ? si
| o and  Og=" nGwsK
g
dy _ T - 2x -. Range on inclined plane
dx 2 u* sin Hcos O R’ = (PR +(0Q)
Slope 4 _ ; £ 2
T = Time of flight | w2 sin® o ? sin o.cos o
tan 8 B K
2g g
TI2 T u? /'sin“ - S B
=2 4 8in” o cos” o
o \j T g\ 4
)
1

-2 T (A
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7. Let the projectile hits the inclined plane at

Mechanics-1
w [9 3
=— |— 4+ —
g 1]64 16
_
8g
Option (d) is correct.

P at time ¢
v=103m/s u=103mfs
ie,v=u
i e ~=
B ¢

Q.

re——— (U cos o) f —— |
Vt 1

R
|
e mme:n
I .
i” L.
i

PQ:(m*,ino:]—%gt2

Further, @R =uvt- (ucoso)t

and tanP = PQ
QR

ie., OQtanP = PQ

tlv —cosaltanf = [usinoc—ég‘t]t

or 10[1 — cos 60° |tan 30°
= [lﬁsin 60° — % % 10 t]

5 o
— =5H3 -5t
o 3 N
or t—«.ﬂg—i
NE)
2
=—85
3
yz+2y+2=x
dy ndy_ds
dt dt dt
dy dx
2y +2)—=—
= (y+}dz dt
dx
—=10(y +1
or dr (y )
or dﬂ—?=10[d—y]
de dt
=50m/s?

10.

Acceleration of the particle
P

S al

=50m/s® [as % = constant]

tano =tan® + tan ¢

-~ RI2 Ri2

=tanB+tanB=2tan0
0= t,an_l(tan u]

Option (c) is correct.

At any time ¢,

203 m/s
20 mis

60° 30°
2043m

Horizontal distance between particles
x =203 — (1043 + 1043) ¢
=20v3(1-1)

Vertical distance between particles at

time ¢
y=@B0-10¢t=20t
Distance between particles at time ¢
DoZ+ P
or D? =[120§3(1 - 0)F +[20¢F
=400[3(1 - )*]1+ 400#
For D to minimum

4B g
dt
3x2(1-t)(-1)+2¢=0
or 6t —6+2t=0
, 3
Le., t=—s
. 3 2 3 2
L% 400[3 [1 - Z] J + 400 (EJ
=75+THx%x3
= Dmin =10\"|,§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 =vsinf§ (i)

Using v=wu+at for the horizontal

component of velocity
(—veosP)=(+ucosa) +(-g) T

= gT =ucoso +uvcos 3
1L COS O + U COS a3
or T=—B ...(11)
g

Now, as 0. =B (=130°), u =v from Eq. (i)

More than One Correct Options
1. Two particles projected at angles o and p

with same speed (=u) will have same

range if

o+ p=90°
Option (a) is correct.
R- 2u” sin o.cos o
g

hy (maximum height attained by first)
_ u’ sin’ o
= T
hy (maximum height attained by second)
u®sin? B
2g
—— u’sinosinp
Jhlhz = T
_ u? sin a.sin (90° — 1)
= =
_u’sinacosa R
2 4

Option (b) is correct.

Projectile Motion 69
Substituting v=u and o.=p=30° in Eq.
(i1)
_ ucos 307 +ucos 30°

8
_ 2ucos30°

g
_1.‘:1,3

g

T

3

Option (b) is correct.
_ 2u”sin §cos®

12. PQ
21 sin (90° — ) cos (90° — )
or2a coso =
g
9 .
u sina
or a=
&g
or u? = 2ag (aso =30°)
or U’ =2%x4.9x9.8
or u=98m's
Option (a) is correct.
" . 2usina
t; (time of flight of first) = T
2 ; 2usin
1, (time of flight of second) =
_.t_l_sma_ sino EhE

t, sinp sin(90°—o)
Option (c) is correct.

% &l
Also, S _FRC tane
hy sinf

Option (d) is correct.

2. Horizontal displacement in time ¢ (Time of
flight)

P
— :\
1
—_— 1 -
I o
Wind —= 1 \\c's’ —
! x\ofo a = constant
1 \ G
= %,
—_—a=g : b 3] @6
i hY
1

x==at ...(1)
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Vertical displacement in time ¢

1 5 .
=—gt ...(ii)
S ii

ok

X a
or y = constant x [as a is constant]
Option (a) is correct.
Substituting ¥ = 49 m in Eqs. (ii)

49:%x9.8xt2
= t=+10=3.16s

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

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

weos d=vcos0O

or wcos (90° —0) =vcosH
or wsin®=vcosH
or w=vcosH

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

= gT =vsin O + wcos O
=ysin b +vcotbeosH
; cos® 0
=usin® +v-—
sin®
=vcosect
t_vcosec&

8

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

. v=10i+10j

1f 6 be the angle of projection
10,

U
tanp =L =
v

. 10
ie., 8 = 45°
Option (a) correct.

) . 1
Using relation, s = ut + 5 at®

(-15) =10¢ + %{—10) #

ie., 2-2t-8=0
or (t-3)t+1)=0
: t=3s

Option (b) is incorrect.
Horizontal range of particle
=U, -t
=10x3=30m
Option (c) is incorrect.
Maximum height of projectile from ground
=H+15
u?sin? @
= “—2g i
2
= 2% 4B
2g
_ (10
- 2x10
=20m

Option (d) is correct.

15

+156

. 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 alse incorrect.



In projectile motion

g
a = constant
-

fl—v— = constant
d

Option (¢) is correct.

3
dg_z" =0
dt
Option (d) is correct.

also

6. (+h)=(+usina)t + %(—g] £

f*_'ﬁ
il Bf=f2

V /‘_'_‘_\—‘_\
é \15m
o
> 20m = om

= gt® —(2usina) t +2h =0
2usin o 2h
i+t = e :51%=;

(t, - )" =(t, + 1) - 4 tity
| 4ugsin2a=4‘%
g g
i b= [
i B

Match the Columns
1. (a) Ati=2s
2(t=1s)

151 1Um: ~. 2
1[att=15} att=2s

1 10 m/s
S; 30m

S1282283
=1:3:5

[-1 (att=2s)

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

~(@a)— (p)

LN

.1
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[where H = Maximum height]
[8(H - 15)
- " 10
& H=20m
Option (b) is correct.
usin® o
2g N
usino = \@
=20m/s
Option (c) is correct.
(ucosa) typ = 40

Tk 20

40
= LCosS Ol = —
2

=20m/s

Option (d) is correct.
Substituting values of g, usino and A in
Eq. (1)

10¢%2 — 40t +30=0
ie., £-4t+3=0
5 t=1or3
t=1sfor Aandt=3s forB.
Option (a) is correct.

(b) Vertical distance between the two
att=28=30m

S (b)— (s)
(c) Relative horizontal component of
velocity
=10-0=10m/s
~le)—= (p)

(d) Relative vertical component of velocity
(att=28)

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

=Velocityof 1 att=2s
— Velocityof 1at£=1s
=(2g)-(1g)=g
=10m/s
(d)— (p).
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2. Given, H =20m
9 & 2

u” sin” o - 920
2g
usina =20
so(d) = (8) _
Tire 6P Mgkt = 22E0E _ 44
(a) — (8)
H = % (given)
u’sin® o _ 124” sinoicos o
2g 2 g
= 1L 81n O -9
1£.COS O
~(b)= (q) .
1L COS O e 10m/s
2
se)— ()
9 . F
5 Y sin (2x 15 ]=10
2g
2
X —20m
28
= R...=20m
(a) = (q)
2
(b) Maximum height = —— =10 m
4g
~(b)— (p)

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

©- @ o
(d) Height at 30° - 451 30°
2
_1(w
4 2g
ACEION
A () e 200E
g
_2uy

g

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

ie, (a)— (q).
2 gin? >
Y o SO
2g 28
H .. will become 4 times.
s (b= ()
(©OR = 2(u; ) (uy)
g
R will become two times
(c) = (q)
(d) Angle of projection with horizontal

u
tan o — "l inew)
U

new

_2uy

|
=2tano
O, = tan™' (2tan o) # 20
S(d) = ()

. (a) u (at 0) = (ucos 8]ﬁ+(usin9)3

v (at A) = (1ucosB) i

| Change in velocity between A & B|

=usin®
w(a)y—>(q)
(b) | Average velocity between 0 and A |
_|0A|
S T/2
|Hr2 + (R ]2
_\ 2
N
f u’ sin” 0 ; 1(2usinBcosB :
\' ( 2g ] +Z[ g ]
usin @
8

=%,fl+3cos?9

~(b)= (s)



(c) Velocity at B
\73 =(ucos0) i - (usin 0)j
~ Vg -4l =2usin®
Thus, (¢) — (s).
(d) | Average velocity between 0 and B|

’ Range
Time of flight
(ucos O T
=——— —=yucosb

- (d) — (p).
6. (a) Horizontal displacement of (1) at¢=2s

Y Nm?
— (2)

—20i ]

i

30j 4 !

|
: X

(1) 301

S =30im/s x2 s
=+60im
Horizontal displacement of (2) att =2s
Soir =130im +(-20im /s)(1s)
=110im
Horizontal displacement of (2) w.r.t. (1)
=(110i-601)m =50im
s(a)= ()
(b) Vertical displacement of (1) at ¢ =2s
Siy =30jmfs x2s + %(- 103m /s%) 2s)?

=60jm —20jm
=403m

Vertical displacement of (2) at¢=2s
8oy =75im +(205m /s)(1s)

+§(-103mfs2)(16}2

Projectile Motion 73

.. Vertical displacement of (2) w.r.t. (1),

=901 -40)m

=50)m
(b)) = (o)
(c¢) Horizontal velocity of (1) att=2s
vig =301

Horizontal velocity of (2) at ¢t =25

Vo = - 201

Relative horizontal component of the

velocity of (2) w.r.t. 1
VRH = Ve — Vg
=(-201) -(+301)
= -50im/s
~\Vrrl=50m/s

Thus, (¢) — (1)
(d) Vertical velocity of (1) att =25

V., =30§+(=10D®

=10]
Vertical velocity of (2) at{ =28
V,, =20§+(=103(D)

=10)

Relative vertical component of the velocity

of (2) wrt. 1

v, =103 -(105=0
I;Rv|=0mfs
Thus (d) — (s)

H,=Hy=Hg,
Further, R =u,T
T is same. But

R,y <Rz <R,

Solyy SUxp SUye

X y=Ty =T,



1.

D Laws of Motion

Introductory Exercise 5.1

N = Normal force on cylinder by plank

Force acling on cylinder

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

Ncos@=f
w+ Nsinb=R,
N(R) = Reaction to N,

.
.

(Force acting on
plank)

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

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

R Force on sphere A

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'cos6=R
N’sin8+w, =N

N(R)

6510 R Force of sphere B

wg

R’ = Normal force on sphere B by right

wall,
N(R) = Reaction to N i.e. normal force on
sphere B by sphere A,

wy = Weight of sphere B,

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

. N = Normal force on sphere by wall,

C




4.

w = Weight of sphere,
T' = Tension in string.

Component of f“l

along x-axis : 4¢0s30° =23 N
along y-axis : 48in30° =2N
Component of P_‘;

along x-axis : 4c08120°=- 2N
along y-axis : 4sin 120° =23 N
Component of f‘;

along x-axis : 6 cos 270°=0N
along y-axis : 6sin 270° = -6 N
Component of F

along x-axis : 4 cos0°=4 N
along y-axis : 4sin0°=0N
Taking moment about point A

I Tsin 30°

%\

A l AB =1
w

AB=1
(T'sin30°){ = wi!-
2
= T=w
See figure (answer to question no. 3)
0OA

sinf=——
OB + BC

7.

8.

Laws of Motion 75
Recos30° +3 = feos60°

L.e.,
or sisld)
and Rsin30° + fsin60° = 10
ie., Rl+f@=10
2 2
or R+ f\3=20 ..(i1)

Substituting the value of f from Eq. (i) in
Eq. (ii)
R+(RV3 +6)4/3=20

4R + 643 =20
— R_20-68 ., N
4
f=249V3+6
=10.16 N
At point B (instantaneous vertical
acceleration only)
N
A
fo
mg
mg — T'sin 45° = ma . (1)

At point A (instantaneous horizontal
acceleration only)

T cos 45° = ma

o ...(i)
Combining Eqs. (i) and (ii)

mg —ma =ma
8

= a==

2
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Introductory Exercise 5.2

Acceleration of system
_(+120) + (= 50)

1+4+2
=10m/s?

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

Net force on 1 kg block =120- N

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

As, 4gsin30° > 2gsin 30°
The normal force between the two blocks
will be zero.

mg
N(R)=—X
(R) i
N
ma
at ?
Al
#mg
N(R)=N
N T
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=mg
= a'—E
. 4g

Angle made by the string with the normal
to the ceiling =8 = 30°
As the train is moving with constant

velocity no pseudo force will act on the
plumb-bob.

=30° 4
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° - 0)
ie., T cos ¢ = mg + masin@ ..(1)
and T'sin ¢p=macos®
Squaring and adding Eqgs. (i) and (ii),

T? = m?g® + m*a® sin® 8 + 2m°ag sin 6

+m?a® cos® B ...(iii)
T2 = m?g® + m*a® + m2ag (- 0=30°
=m’g® + m® g +m2£rg Cra=2)
7 2
B 7 m2g2u
4
or Ti= _mgwﬁ
2
=5J71 N
Dividing Eq. (i) by Eq. (ii),
A ma cos 0

mg + masin B
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acosf

i TREORE 6. A B )
g+asin® 2kg 1kg F=8N
cos 6 8
e —— s - 2
2+sin0 U—m—2mfs
cos 30°
= 0o i T B
2+sin 30 2kg 1kg |8 N
_ J3 A T2 Tz
5 Net forceon 1 kg mass=8 - T,
F . Ly ] [y
ie., ¢=tan'1[ﬁ] - 8=Ty =1x2
B = T, =6N

Net force on 1 kg block = Tj
z 1=2a=2x2=4N

Introductory Exercise 5.3

| (o ]
Ty i
T Ty T

1. F=2gsin30°=g

s M7

- } T
. mg
) T-
T 1
Ts 4g E?
Tz 39‘
For the system to remain at rest 1g
T,=2g () T, =4g
L+F=T ...(ii) and L=1g
or L+g=1 -.[ii(a)] £_4
T, =mg ..(iii) T,
Substituting the values of 7} and T; from 3. 26 -T=2a
Eqgs. (iii) and (i) in Eq. [ii(a)l _
2g +g=mg
——
ie., m=3kg i
2. As net downward force on the system is d £
zero, the system will be in equilibrium T
al T
'la
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T-1lg=1a
Adding above two equations
lg =3a
a=5
3

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

v=0+at
=B
3

= % (upward)
On stopping 2 kg, the block of 1kg will go
upwards with retardation g. Time (¢')
taken by the 1kg block to attain zero
velocity will be given by the equation.

0=(§J+(—g]t’

= £’=ls
3

If the 2 kg block is stopped just for a
moment (time being much-much less than

3 s), it will also start falling down when
the stopping time ends.

In ¢ [: %s} time upward displacement of

_u_@/3) g

2a 2g

Downward displacement of 2 kg block
2

Ll =1g(§] &

2 2 3 18

As the two are just equal, the string will

18

again become taut after time = s.

"

F+lg-T=1a i)

29

and T-2g=2a ... (i)
Adding Eqgs. (i) and (ii),
F-1g=3a
20-10 10 )
a= = —ms

3 3

Introductory Exercise 5.4

1 kg block
1. 2T=2xa .. (1)
a
—— T I&
2T 2T 4 i
2kg P——iiv T T &
T
.
l’za
1g
and lg-T=2a .G(i1)
Solving Egs. (i) and (ii),
a=%

3

.. Acceleration of 1 kg block

2(:22—‘f:3'r:@ms_2
3 3
Tension in the string
r-8_10y
3 3
Mg - T =Ma L)
T T
, T *@-!—-
. S 7
T
= T
}a
mg



T =Ma goi(ii)
Solving Egs. (i) and (ii)
g
2
and T=Mg

3. Block of mass M will be at rest if

T 5
T
’
Mg
T2 2
T2
Ti2
a ; f a
3g
2g
T=Mg (1)
For the motion of block of mass 3 kg
T
3g-—=3 (il
g 5 a (ii)
For the motion of block of mass 2 kg
g —92 =% ...(i)
Adding Egs. (ii) and (iii),
g =5a
L.e., a= g
5
Substituting above value of a in Eq. (iii),
T

522(g+a)
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g
or T=4 + =
[g 5]
_24g
5

Substituting value of above value of T in

Eq. (1),
M2t
5

£=m1-2a
2

T2 712 A

2a i r T
I:’ 2 T2 TR "| |"'F

ie., T=4mua .(3)
F-T=msa ... (i)
or F—4mia =mya
F
dm,; + m,
0.40
T (4%0.3)+0.2
_ 040
T 14

or a=

-2
==Ims

T
T=4mya
2
=4x0.3 x=
7
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Introductory Exercise 5.5

1. Block on triangular block will not slip if
macos® 4N

Mg
myacosB=m;gsind
ie., a=gtan® (1)
N =mygcosB+muasin® ...(ii)

For the movement of triangular block
...(iii)
For the movement of the block of mass M
Mg -T =Ma
Adding Eqgs. (iii) and (iv),
Mg — Nginb=(my+M)a

Substituting the value of N from Eq. (i1) in
the above equation

Mg —(mygcos0+ myasinf)sin®
=(mya + Ma)

T - NsinB =mya

...(iv)

i.e.,, M(g —a)=m,;gcosBsin®
+(my + mysin” @) a
Substituting value of a from Eq. (i) in the
above equation,
M(1-tan8) = m, cosBsinb
+(my + m, sin” 6) tan 0
MM 08 Bsin O + (m, + m, sin” 6) tan

(1-tan®)
Substituting 8 =30°, m; = 1kg and
my =4 kg
o (cos 30° sin 30°+4 + sin® 30°) tan 30°
(1-tan30°)
_0.443 +(4.25)(0.577)
- 0.423

=6.82kg

2,

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

Displacement of block at time ¢ relative to
car would be
a="5i ms2

- —
v=0

a2
a=-5ims*%
-— U =10ims

=%y + 10r+%(-5)t"

or x=x5 +10t-2.5¢

Velocity of block at time ¢ (relative to car)
will be
u= @ =10-5¢
dt

(b) Time (¢) for the block to arrive at the

original position (i.e., x = x,,) relative to

car

X =%y + 102 - 2,58

= t=4s

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

(att=0s)
0X

=5 ms<! E
i u=10kms™’

X=x +0><1t+%(—5):2

ie., x =%y —2.58 ()
and z=2z+10t ...(ii)
Velocity of the object at time £ would be
Ux=£=—5t ...(iii)
dt
and B, = % =10 ...(iv)

(b) In ground frame the position of the
object at time ¢ would be given by
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In ground frame . Net deceleration = (3 +5) m/s?
o Att=0 =8 m/s”
Y L nE .. Displacement of object at any time ¢
— ,*.--E’ (relative to car)
[}
lj u=1d\kmg—1 x=x0+10t+%{—8)tz
! P
S or x=1x, +10t - 4£
—_— Thus, velocity of object at any time ¢
8 (relative to car)
and z=1z, +10¢ i
Velocity of the object at time ¢ would be b a5 108t
d.
v, = -0 The object will stop moving relative to car
ddzt when
and .= = 10ms™ 10-8t=0ie, t=1.25s
X, =Tk v, =10-8tfor 0<#<1.25s
i T For block not to slide the frictional force
. _19.. e (f) would be given by
0 _-X_U-:lb — A —
it B sttt X| a=5ims2 f a=3ms2
/ v=0
s ma
/ mg sin 8
. g 6=37°
£
Normal force on object = mg f +macos®=mgsin®
Maximum sliding friction = | ,mg or f=mgsinb—macos®
=03x2x10=6N =mx10x%—mx3x%
Deceleration due to friction = g =3 m/s® _18m _9
Deceleration due to pseudo force =5 m/s® 8 =%
AIEEE Corner
Subjective Questions (Level 1)
1. FBD is given in the answer. At point P, F, = % and T, = %
2. FBD is given in the answer. _ 721 721
3. FBD is given in the answer. At point Q. 5= J2 Bl Y = J2

and N, cos30°=W
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6. 2 !
I
45°)
I T1
w
TQ_ =W and
V2 .
2 _T
9 1
7. f
40N >
Ix
N%
-
10 cm
W=20N
N =40
f=20
and fx10=Nxx

T + fcos 30°= N sin 30°
Ncos30°+fsin30°=W
TxR=[R

ki
| >

10.

11.
(1)
...(ii)
...(iii)

12.
...(0)
.W(id)
... (iii)

V+ @=W ..(1)
2
T
H=— o (i)
2 11
Net moment about O = zero
Ty
Wt =ML o ....(iid)
2 2
(a)f_,_:M:gmez
6+4+10

(b) Net force = ma
F, =18N,F, =12N and F,, =30 N
(¢) N -40=F,, =30

N =70 N,
a=—F =@=lma‘sz
m; +mg +my 60
(a) T,=ma=10N
T, - Ty = mya
7, -10=20
& T, =30N
(b) 1} =0.New acceleration
a':@:l.ZmKS2
0
T, =mya’ =24 N
(a) T
0.1 kg

—_—

19kg l 2g
T, -2g=2a
(b) T2
2.9kg
a 0.2 kg
T 1.9kg l 5g
T, -5g =5a



13. (a)a
16

b) T} -11g =11a
(© T, -9g =9

14. 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.

15. Tensionon B=T
Tensionon A =3T
Now in these situations a = T

16. x, + x, + 2xp = constant.

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

17.
ag 21.
1
b 1%
da =sin@
Qg
) a, =agsinf
18. x+y=6 .0 L
y—x=4 .. (id) -—I—-
Solving, we get 22.
x =1m/s? X
23.
!
e |
i
¥
!
ly
= . 24,
19. 4 dBBE g
10
40-T =4a
30+ T, - T, =3a
T,-10=1a

200 16g 20
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a, i i
TE = T1
L B
1 "
T
T
2T,
T
]
Ty T
3;
a
S
TIi=1la

T,-20=2(a, —a /2
30-T,=3(a, +a /2

/va T 2T
|5
3 oM
s
W !
2 Mg

T — Mg sin 30° = Ma
2Mg—2T=2M-%

T=1a
10-T=1a
2T 2T

b

56 40
50-2T =5a
T — 40 = 4(2a)
(a) N=40N,u, N=24N
F<u N
s f=20Nanda=0
(b) N=20N,u N =12N
andu,N =8N

...(1)
...(ii)

... (iif)

(1)
...(ii)

(1)
...(ii)

(1)
..(id)
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25.

26.
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F>u N
f=p,N=8N
and a:20_8:6m/'52

(¢) N=60-20=40N

i N =8N and
u,N=4N
Since, Fcos 45°>pu N
f=u,N=4N
and a=w
=§mfs2
a=pg=3m/s’
(a)v=at
; 61=3t0rt=23
(b)s=§atz

3=1x3 x4=6m,
2

f=04x1x10=4N
— a1

sl

+— a

2 kg

= 4 m/s®

a =

~ ™%

=L =9m/s?
L s

(a) Relative motion will stop when

Uy =0y
or 2+4t=8-2¢
t=1s
b) yy=v,=2+4x1=6m/s

(c) s =ut+ % altz

27. f=06802)(10)=12N

a; +—
f -
— aq
f
1kg
a, = B 6 m/s”
2
and a; = lT =12m/s?
(a) Relative motion will stop when
Uy =Uy
or U+ aqt =g + ast
or 3-6t=-18 +12¢
7
t=—8
6

(b) Common velocity at this instant is
Uy OT Uy.

(c) sy =uqt + %af and

8y =u2t+%a2t2
28. N=20N
pAN=16N
andu N =12N
Since, W =20 N > p N, friction pu N will
act.
a=20_12=4mfsg
29. N=20N
uN =16N
Block will start moving when
F=uN
or 2t=16
or t=8s.
After 8 s
a:23_16:t—8
2

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



or 4t =36

After 9s

4f —24
a=

6

31. N=mgcos8=30N
mg sin 30° =303 N =
LN =18N and

u,N=12N

(a) F

t=9s

S
3

52 N.

18N

52N

F=52-18=34N.

Objective Questions (Level-1)

Single Correct Option
i e B B
m
m,>my
a,>ag

or ball A reaches earlier.

9. a-l8-% _&
6 3

Now, 2g —T:Q%

r-22 _13N
3
3. ) T
130°
T2 I
100 N
V3T,
2
&
2
4, T

—-— 0

=100

=3

...

...(Gi)

6. a

7.

Laws of Motion 85
(b) F

o 12N

52N

F+12=52
F=40N
(c) a

A

52N
12N

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

mg — T =ma

- max
By = g — D28
m

—mg
I i I

m
=10g—5g

15
10g—T=10><§

e o

£
3

T= QOTg = Reading of spring
balance.
_ 2mgsin30°-mg 0
3m
T=mg
a; =gsinB-U gcosB=gsin 45°—|L gcos 45°
a, = gsinb = g sin 45°
[2s 1
Nowi=_ |—orte—
V a '\E

h_ (%
] a;

e 9= gsin 45°
\,g sin 45°—1 g cos 45°

Solving, we get u = %
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8. F, = mgsin0 + umg cos 0
F, =mgsinf —mg cos
Given that F, = 2F,

9. For equilibrium of block, net force from
plane should be equal and opposite of
weight.

10. No solution is required.
11. Angle of repose 6 = tan (1) = 30°

P

_
h=R—RcosB=(1—%]R

12. Net pulling force =15g — 52 =10g = F
Net retarding force =(0.2)(5g)=g=f
F-f 9
a4=—" =
25 25
T, -5g =ba = %g

34
legg
15g—'1?2=15a=¥g
48
T2=?§
T _17

T 24
13. ] a
0 J v

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

o
Now, t = |2_s

\a,
2L

=V(g+a,}5in9

14. f =mgsin0 (if block is at rest)
15. 2T cos30°=F
60 T
o 30 F
F
T =—=
V3
_ T cos 60°
B nm
_F
N3 m
16. E
8

N =mg — FsinB
uN = (tan ¢) N =(tan ¢p)(mg — F sin 8)
Feost=uN
17. umg=02x4x10=8 N
Att=25F=4N
Since F < umg
Force of friction f = F =4 N
18. a;, = gsin®
a; = gsin® —pg cos 0

t= |’2—_50rtoci
Va Ja
L. 10
) a

1_ gsinB—pgcosh
2 gsin B

19. Net accelaration of man relative to ground
=a+a=2a

T -mg=m2a)

s T=m(g+2a)

20. a=0
3F =(50+25)g =Thg
L F=25g=250N



21.
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A Ny
1+pu2
4m No "
w ) B AN 1
o 3m
uNe or tan®=p
nmg
Nl = !_[ N2 Fmin = 1 2
Nz = W I. 2.. + _ I'L =
Net moment about B should be zero. yl+y V1l
3 e L
Wx—=N;x4 = mg
Hig JL4 5%
1
22. Ny = 5 mg
Na 25. ymg =32N
W 5 Since o f=30N
: N 30N> pumg
.. Normal reaction N =mg =40N
Ny =W =250 (always) - Net contact force = /(30)* +(40)*
| fowx =W =T5N " i
Mg -~ Mg
23. - 2 _& 26. 2kg /» 0.2
M 2
—r a 8kg —25N
I ——> " \
f f k
M M M 0.5
T N g=re Ka="8 Fom = (0.5)(8 +2)(10) = 50N > 25N
Mg .. Blocks will not move and therefore force
T'= 2 of friction between two blocks =0.
B F 27. mgsine=10x10x§=60N
0

N=mg-Fsinf
FeosO=L N =u(mg — F sin 0)
Fo_ bme

cos B+ sin B

For F to be minimum, Z—}g =0

This60N>30N
.. Force of friction is upwards.

Net contact force is resultant of friction
and normal reaction.

28. Infirst figure T=F
and in second figure, T' = 2F.

29, F=4 (%] — upwards
W =2mg — downwards

F=W
a=0
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30.

m b F=at

Maximum acceleration of upper block due

to friction
Cnax =ﬂ=” g
m
LN
2m 2m

31. q; = gsin30°= g/2

ay = gsin60°=vf?3g

Angle between a, and a, is 30°.

5 o, (e2?+(V3g2? -2(g/2)
a,.=la; —a,l=
\ (~3g/2) cos 30°

JEE Corner

Assertion and Reason

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

2. No solution is required.
3. ay=gsin0+ gcos O

a; = gsinfB - gcos O

1
G _2FH 050=45° and sin 0 =cos

ag 1-p

Substitutingp = % we have,

a 1-1/3

g, _1+1/3 _2
1

4. There is no force for providing (- 2 i) m/s?
to the block.

5. If we increase F;, maximum value of

friction will increase. But if we increase F,

friction acting on the block will increase.

6. No solution is required.

7, = )8 (if my > my)
my + g

mg -T=ma
T=mylg -a)
g B
(my +my)
Mathematically, we can prove that
myg<T<mg
Similarly if m, > m,, then we can prove
that,
mig < T<myg

8. 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.
9. No solution is required.
10. No solution is required.

11. Force of friction is in the direction of

motion.



Objective Questions (Level 2)

Single Correct Option
1‘ Tmax:FmaJc +fmax+2T’ma_\c
T F i
- | A - =e; T, .
T T f 1“"—"—T Ao
_;\ B T I
F
T
-
mg
=ulm,+mglg +Uum g+ 2un,g
=u(dmy +mylg
But, Tmax :Mmax"g
3 Mmax'g=u(4mA+mB)g
Le., Moo =udmy + mp)

=0.3 x[(4 x100) + 70]=81 kg
Option (c) is correct.

2. v=8ti-2£2]
5 dv
a=—

di
=81-4t]

i
L2

i
N
% L}
4 S-=N,
a
_)
P

. Force (pseudo) on sphere
F,=1-(-8i+4})
=-81+4]

Gravitational force on sphere
=-mgj=-10]

. Net force on sphere

F--81+4}-10}=-81-6}
IF |=10N

Option (b) is correct.

Laws of Motion 89

3. Nsin 0 will accelerate B towards left.

Let a be the aceeleration of B.

Due to acceleration of B towards left
pseudo force equal to ma will act on block,
toward right.

Thus, N + masin® = mgcos 8

= N =mgcos0— masind
Option (b) is correct.
4. Ifa<yg
| ma L —3
Mmoa
ma
- M m; +—=N=0
e ]

N=0 i =fy

When a is |f; |N i

Zero Zero | Zero Zero

Hg m, ug | Zero m, Mg

2 2 2

ug m, ug |Zero m, g
(Not yet (Attained
attained limiting
limiting value)
value
which is
2um, g)

Now, if a > g, 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 + masinf=mgcos0 Fig. 3
N e
'/ﬂa sin 6 'S T
35 ma (pseudo T * a3
a ’ force)
meg
myg — T = myag
The block will fall freely if N =0 and T —mgsin® =m,ay
i.e., masin = mgcos8 . OO . sin 6
2 g= ——
= a=gcosb TR T
Option (c) is correct, Substituting m; = 4 kg, m, =3 kg
= d 6=30°
6. Speed of A w.rt.C=u, A an !
Speed of C wrt. g
1 g
ground =uv, 4+3
. Speed of A wurt. _ _3
ground = v, — v, c B —?g
Now, speed of B w.r.t. = 4-3
ground = speed of A is a2 443 g
w.r.t. ground 1
e =U1 = - ?g
= Uy —lg =0y 3-4.1
Option (a) is correct. . 24
. 4+3
7. Fig.1 1
7!" . a>ap =3
T Option (b) is correct.
8. F — frax — T = ma (For lower block)
mzg i
—_——
) I—_—
o T
myg — T= Mgy i - F
and a; = L g T T
mytmy
Fig. 2 T = fiax = ma (For upper block)
mg - T = mgay — - F —2f1ax =2ma
3 or F - 2umg =2ma
and T -myg =ma, F
m, —my T T or a=—-Uug
= iy = ———=¢& 2m
m + my T . :
Option (c) is correct.
T }a 9. a,cos(90° - 0) = a,
2
mg ie., aysinf=ay [0<0°]

mg Option (b) is correct.



10. Had 6 been 90°,

1.

12.

Va2

For every x displacement of wedge (w) the
vertical fall in mass would have heen 2x as
the string passes through pulley B.
i.e., U1 =20y
For the situation given the speed of mass
would thus be

v, = 2v, cos (90° - 6)
ie., v, =2u,8in 0
Option (c) is correct.
The cylinder will start rising up the
inclined plane if

{Pseudo
furce)

macos0> mgsinb
ie., a>gtan®
Y Opin = & tan B [eylinder will be at the
point of rising up the inclined plane]

At the position of maximum deflection the
net acceleration of bob (towards its mean
position will be)

£8in®—acosb
as explained in figure.

14,

Laws of Motion 91
_ M-m

= “Yer
= Tt A21
T=m(g+a) L
—m g+M—m : .
N M+mg 4
M T
=mg|l+ - m T
M+m
=mgll+1] mg
fas m<<M, M-m=M and Mg
M +m =M}
=2n1g

.. Tension in the string suspended from
ceiling = 2T = 4mg
Option (a) is correct.
For0°<0< ¢ frictional force (F) = mgsinf
For8= ¢ frictional force (F') =p mg cos®

[& = angle of repose]
For example

1 1
Letu=— .. tan¢=—"—
M= =5
§=30°
] 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°=0.442 mg |Decrease but not
linearly only
60° |umgcos60°=0.287 mg
90° |Zero
F
|
I
I
1
1
I
@) (1] gg® B—=
Option (b) is correct.
15. ag = Hmg
2m
ug

2
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FF
wmg [Am |5
m | -

B il - e
m umg ,r:‘
“OF
For no slipping
a, =ag
F-pmg pg
m 2
i.e F =§pmg
.e., 5
2,
"= 3 mg

Slipping will obviously be m, there if u is
greater than above mentioned value
_2F
Hmin = 3 mg
For no slipping.
Option (c) is correct.

16. F,, (downward) = mgsin® + macos@

=m(gsin® + acos0)
Sep = &8N0 +acosO

Time (T) required to cover 2L distance
along inclined would be

T [2L
8 eit

2L

\j(g sin B + a cos )

Option (c) is correct.

17. F,.; on block along incline in the upward

direction
macos 0 — mg sin @

=mlacosB— gsinf)
gy =acosf—gsinb

N

o9 [t

- Time (t) to move s distance would be

given by
1 2
§== t
Qgeff

; /23 2s
ie., t= ! V..
Ve (acosO— gsin0)

Substituting s =1 m,

0=230°,
a =103 n/s® and g = 10 m/s*
. |J 2x1
U(lﬂv@x ?]_ (10>< %]
1
._75-3

Option (b) is correct.
w w
18. N+ —sin30° =w+ —
2 2

Nw:‘2 W
Esm 30 wi2

“ /
30 W cos 30°
2

w

f = frictional force
N=%
4

5
fmax =HN=1-1'Tw

The block will remain stationary if
L

w3 5w
or ——=u—
2 2 4
or \fﬁs5p
or ﬁ{u
5 =

Block will move ifp < 4?3

Option (d) is correct.
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19. Fi=2t = | | _T T_‘ ] = F=15N 20. 2mgsint1—T=2nw

fi  ui=086 f i =0.5
F=4N
4N T T 1
~— & ] [ A J—=1sn
fi and f, are the frictional forces iid P
(fDmax =0.6x1x10 2mgsina =3ma
=6N s a:2g51n30 ol
(f) e =0.5x 2% 10 3 3
=10N T = %
Att=2s .
Force (R) applied by clamp on pulley
Net external force (F,,) on system wiild b
:ifﬁ_m ITy=1Ty =T
g = mg ond  ME oA
AS Fyyy > () pax + (3 ans the system will To =5 (cos 3071+ Z=(sin 30%) 5
remain at rest and the values frictional _mg3s mg,
forces on the blocks will be given "6 1+ 6 ]
T=4+fiand T=15-f, = mg 4
_ ITyl=—>)
4+fi=15-f (1)
fi+f=11N Force by clamp on pulley P
Let direction being + ive for Eq. (i)
Option (a) fi=—4N, ,==56N
=fi+fL=1N  wrong
Option (b) f; ==2N, f, =+5N
=f+f=3N wrong
0pti0n(c}f1=0N,f2=+10N _nlg“’3§+m_g4+ﬁ”
=f+f=10N wrong 6 E Y g d
Option (d) f; =+ 1N, f, = + 10N _me\3; 3mgs_mg izt 93
=fi+f=11N correct. 6 6 6
OR Option (b) is correct.
As the likely movement would be towards 21+ fi(max)=0.3 x4 x10=12N
right £, will be at its maximum. 2kg II 4 kg II 16N
& fo=10N b =06 fi  1z=03
= f,=1N

f, and f, are frictional forces.
Option (d) is correct. f(max)=0.6x2x10=12N
As, fi(max) + f;(max) <16 N (F,,,)
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2kg |»— % | 4kg 16N

f; 2 f-|

The system will remain at rest.
For the equilibrium of 4 kg mass :
: 16=T+f (D)
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 (¢) is correct.

22. For the rotational equilibrium of rod
Taking moment about O.
H %cosﬂ: sistnﬁ
A s (= ma) 4
ma %R (= mg)
mg' B
or mgcos B = masin @
=5 a= geotd
Option (d) is correct.
23. v=2¢
a=@=i{2t2)=4t
dt dt
Att=1s,a=4ms>
As a=W.8
a 4
===_—=04
Hs z 10

Option (c) is correct.

24. Just at the position of tipping off, R, will
be zero.
Ry Ra
A T B
—-— m-l:l_‘ T
109 e
=1 m—=|

» Taking moment about point @
(10g)(4) =(80g)(x)

25.

26.

1
Xx=—m
2
Option (a) is correct.
N = masin 6+ mg cos 8 .1

Now, as the block does not slide
macos 0 =mgsinb
a=gtanp
Substituting the found value of @ in Eq. (i)
N =m(gtan0)sin 6 + mg cos@

i
= mg[sm 69+cosﬁ} =mg secB
€os

ie.,

When, the block stops @ =0, the value of
normal force will be

N’ =mgcosh
N’ _ mg cos 6
N mgsect

Option (c) is correct.

For the rotational equilibrium of the block

mg cos 8

Taking moment about O.

Nx=f2

f2

or (mg cosB) x =(mg sin 9)%
or ngtanﬁ

2
or L=‘r,a_r_|9
al?2

or tan ¢ = tan®
or 0=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 8 is
made greater than 457].

27. For the rotational equilibrium of the cube
Moment of couple (N, mg)

= Moment of couple (F, f)

. mgx=Fa N (= mg) ng

ormgx="%2 .4 *F(_:a)
3 ’—X—-— a

oy i L]

Option (b) is correct.
28. Taking moment about point O.
Ni No

*'-IM*T l‘— 116 —=
o

[ 1

I

N]_ :Nz =4:3
Option (c) is correct.
29 —

1 T
| T
1
1

ma ~

#

¥
mg

(T / 2) = ma — Box

T+ % = % — Pendulum with
respect to
box
o ra mg
2ma + — = —=
VTR T

a=g/3

Laws of Motion | 95

30. Nsin® =mgap (@)
9 ms2

f

N

N sin 6

N

g=37°B

a,=agtand .. (i)
= Nsin0=mg
tan®
__ Mgy
sinBtan®
. Force on rod by wedge
E:d, ay = ]34|
A ag = [as|
ag
mpya 4 cos 6
Ncos=—-+==——
sin @ tan 0
_Mpds
tan” 6 "
1
2 10%8 o 3
4 )

Option (c¢) is correct.

31. Net downward force on ring = mg — U ma

=m(g - pa)
T f=pN
-4 =pma a=4ms2
N=mall L=1m
mg
3
e =8 "Ha
g= | 2L
goff
B oL
Yg-pe
_ 25l
T \10-(0.5% 4)
=1=0.58
2
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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 C4 are the centres of
the hemispheres and C is the centre of the
sphere

CC, =C,Cq=CL,
=CC=C,C=0CL=2R

Ny
N
)

Cs
Cz
£C0C, = 90°
2R
=2
0=
cosB = @
2
2R3
2R
=1
V3

0 is the angle which any N makes with
vertical

6=90°"-0
1
sin¢p=cosf=—
¢ ]
cosh=—
=%
For the vertical equilibrium of the sphere.
3Ncosb=mg
2
or SNx—=m,
73 g
mg
or N=—2
23

Option (b) is correct.

33. T'-Mg=Ma

34.

*T
Hﬁ%

(500 +80n )g

ie., T=M(g+a)
2x10*>2M (g +a)

or 2% 10* = (500 + 80n)(10 + 2)
or 1458>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).

V2 =4 +2as

(wsin ¢)? = usin0)? +2(-g) h

vsin ¢ = \/uz sin® 0 — 2gh

= J(20%(sin® 60°)® ~2-10-5
= ||[400 % é]— 100
\ 4
=102
veos O = ucos_e =20c0s 60° =10
vsin¢ _ 10v2
vecosd 10




35.

tan 0 =2
o=tan"' 2
Option (c) is correct.
Acceleration of block B will be g

throughout its motion while that of block
A will increase from 0 to g and as such

ty <ip
Option (b) is correct.

fi(max)=0.5x10x10=50N

u= 0%
£
| o
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]

< f; (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
- fi (max.)
(mass of B+ C)
1
" (20 +30)
=1ms™2

& ay =1ms™
Option (c) is correct.

R
B 4
37. 0039=4=—

R 5

38.

Laws of Motion | 97

Velocity along PQ =20 m/s.
.. Velocity along PO =20sin 6

- 20% % ~12 mw/s
Velocity of sphere (along wvertical
direction)
8 B e
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
-—t-
2 n!fs

Thus,
Velocity of block B

= Velocity of lift + Velocity of winding of
string on shaft + Velocity of moving down
of shaft

=2m/s+2m/s+ 2
m/s

=6m/s.
Option (d) is correct.

39. F''=F'cos@

F 18 resultant of two equal forces F" and F”’
F =2F"cos (2?43)

\\ q)’/
/f: \A\
Fiaty
~l X
O—C =0
=2F"cos ¢
=2F"cos (90° —0)
=2(F—]sin8 4
cos B

£
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=2F'"tan0

=2(ma’’) tan 6
5 4
=2x03.x—-x—=2N
2 3
Option (b) is correct.

40. Velocity of block A =2vcos 37°

v*
=2x10x E
5
=16 m/s
Option (d) is correct.

41. As the mass is applying maximum
possible force without moving, the blocks
would at the point of slipping,

£ TT
A4_[:}—j;—*—;
i LR -n -:' T 7T "_;
o =

T = fo (max)=0.5x60x10=300N
fg (max) = 0.3 x (60 + 60) x 10
=360N

As, T < f, (max) the value of T' will be
ZET0.

Option (d) is correct.
[Note : The value £ will be 300 N and the
values of T' and f, will be zero]
42. a,=151+15]
6= 45°

As,p< 0 the block will leave contact with
B.

e

For A to remain in contact with B, B must
accelerate in the — ive x-direction.

15]’ E; (new)

157 b

Let acceleration of B=— b1

Due to this pseudo force with act on A in
the + ive direction.

15
t =
AT
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

2F
F,.. onblock A =F, onblock B
F - Nsinf= Nsging - 2F
2N sinB=3F
_ 3F
2sin®
=3F (as® =307

Option (d) is correct.
44. Equation to circle is




2 +y2 =1 (wherer=0B) ...(Q)

29% Lo _g
dit dt
= de__dy
dt dt
=—(-u)=+u
=u
Speed of bead B

2 2
&@)
dt)
= Jw? + - u?
= Lt\@

Option (a) is correct.

At maximum acceleration value of a, the
block would be in a position to move
upwards.

[ = frictional force
N =masin® + mgcos o
macosB=/f_. +mgsind
or macos®=p N + mgsin
or macosB =y (masin®+ mgcosf)
+mgsin® (-0=45)

or a=p(a+g)+g

or a(l-p=010+n)g

: 1+l

L.e., Q4=—
1-p

Option (b) is correct.

46. For the beam to have no tendency to
rotate

47.

48.
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- [y — Iz
AN 1 27
21
e
T T
Mag
Mag
M, gl, =2TI,
2M. M
or M,gl, =2| =—1"3 gL
184 (M2 + M, g] 2
or le1 = 4 7& 3!1
M, +—2%
3
M,
= — =
M,
fmax = “ B N'\'IE
M2
Block
N=mgcos @
Trongh
=U k\@mgcosﬁ
. ma=mgsin0 - v@pk mgcos 0
ie.,a=g(sin®-2p,cosO)
Option (c) is correct.
fi(max)=0.5x3 x 10
=15N
fo (max) =0.3 x (3 +2) x 10
=15N
F
3kg
fi f
2kg
f, = 2
1kg B

fz(max)=0.1x3+2+1) x10
=6N

f3
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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) = (m; +my) g
my
i H E‘——ﬁ
my B — F (= 30N)
}'2 Hz
=0.5(1+2)10
=15N

ag = Acceleration of both as one
@, = Acceleration of A
filmax) =p;mg =02x1x10
=2N
_F-f;(max) 30-15
a7 my +my T3
a, :M:plg:(}ﬁx 10 = 2 m/s”
my
As, F> f, (max.)
both will move,

Further, as ag>a, both wil not
accelerate as one unit.
_F-uy(my +my) g —pymg

My

=5 m/s?

Ay

Acceleration of A w.r.t. B
a,p=a, —Ag
f_ W (my +my) g —ymy8

=g -
my
__Himpg - F +us(my +my) g +Lymig
i
e F_(HJ_ +H2}(m1 i mg}g
my
_30-(0.2+0.5(1+2)10
B 2
= —gmfs2
2

Negative sign indicates that the direction
of a 4z will be opposite to that of @ ,.

50.

51.

92,

.. Required time t= |— = |—— =

Option (a) is correct.

F=umgcos0—mgsinf
B N
3v3 2 2
e TR
6
Option (b) is correct.

us :2uk

Force required to just slide
downwards

F=p N -mgsin®
=u mgcos®-mgsind
F=mgsin-u,N
=mgsinf—p,mgcost
Thus, L ,mg cos 6 — mg sin B
=mgsin 6 — 1 ;mgcos 6
(u, +u,) mgcost =2mgsin 6
[us +%)=2tan8

§u =3:~»u — B
LT L )

Option (a) is correct.
_F t+mgsin®—-, mgcosb

a
m
6 2 348 2
m
~ &
3

Option (d) is correct.

block



53.

54.

55.

56.

Minimum force required to start the
motion upward
=mgsin b+, mgcosB
1 4

=mg|—-+ E
g 848 2

:Emg

Minimum force required to move the block
up the incline with constant speed

=mgsinb +u, mgcosb

:mg 1.}- 2 E
2 3/3 2

.
6

2
§=L22__148m

2. (@]
8
Option (c) is correct.
, _1200g —1000g
o 1200

g
6

T'=1000g Stops

—a)

Speed

25m

= Vinax
i +T= 1350g |
} 1200 ¢

_=IF'

1200 g

 1850g — 1200g

1200
g

8

For accelerated motion

o2 =0 +2as,

2
Umax

2a

= § =

57.

58.
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For retarted motion
= vfnax T 2a’ s,
= g5 = Unnax

2&’

2
sj+32=”"‘éi §+$]

2
25 = Lﬁ{é + E]
2 lg &g
50x 9.8
s =\

Option (¢) is correct.

=5.92ms™!

mgsin® =170 x 10><18—5=906.67 N

fi (max) = 0.2 x 170 x 10 x §=300N

fo (max) =0.4 x 170 x 10x%

=600N

15

The whole system will accelerate as
mg sin 0 is greater than both f; (max) and
f5 (max).
Total force of friction
= f (max) + f; (max)
=900 N
Option (a) is correct.
mgsin® -300-T =ma (1)
and mgsin® + T = ma ...(i1)
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

F E—-] S Option (d) is correct.
2N 2. At point A
2N TT

=1x10=10N
. Force of limiting friction by Bon A (or by
Aon B)
=ux10=2N
Total force opposing applied external force
F=2N+T
=2N+2N
=4N

Thus, if F<4 N

The block A will remain stationary and so Tycoso =T, cos B + mg ...(d)

bloclk. B also. The system will be in and T} sin o = T sin B (i)

equilibrium. 2

- Option (a) is correct. Aol

b IfF>4N 15 cosp =mg ...(111)

FoT-2-1a Lsinp=F-mg ...(iv)

wafl T-2-1a B Using Eq. (iii) in Eq. (i),

Adding above equation T, cos o = 2T, cos 3 w(v)
F-4=2a ... (i) Dividing Eq. (ii) by Eq. (v),

i.e., F=4+2a 2tano = tanf ..u(vi)

Option (a) is correct.

For F>4N Squaring and adding Eqs. (iii) and (v),
2a+4>4 TP = 4T} cos® B + T¢ sin® B .. vii)

or a>0 Dividing Eq. (iii) by Eq. (iv)

= T-2>0 -

e, T>2N = y

. Option (b) is incorrect.

(¢) Block A will move over B only when
F>4 N and then the f[rictional force
between the blocks will be 2 N if a is just 0 tanpB=1
[as explained in (b)].

Option (¢) is correct.

1 :
COS ) =—==SIN
=g =sin

(d) If F =6 N using Eq. (ii) Substituting the values of sin and cos
20=6—-4 in Eq. (V].l)

- a=Lus? 7 =472 (5)+ 7 (5)

» Using Eq. (i), _5 Tj

r-2=1 2



= V2T, = 5T,
Option (c) is correct.
3. Displacement of block in 4 s
v{ms™)

N
0 4 t(s)

S = Area under curve
=16m.
AK =Workdone by frictional force
%xlx:l2 =ux1x10x16

= u=0.1
Option (a) is correct.
Option (b) is incorrect.
Acceleration, a=tan ¢
= tan (n —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) =«

ma (Pseudo
force)

N + masinf = mg cos0
N =mgcost — masin®

Acceleration of
0= Nsin@

M
or Ma =(mgcos® —masinB)sin®
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ora(M + msin20) = mg cos B sin 0
_ mgcos0sin®
" M +msin®0
_ 0.6 x g X cos 45° sin 45°
"~ L7+(0.6xsin® 45°)
__3&
T 1743
_3g
T 20
Let a, = Acceleration of block B
Net force on B (along inclined plane)
mag =macos® + mgsin
= ay =acosb+ gsind
Thus, (ag)y = (acos 6 + gsin 6) cos 6

i.e.,

= acos” B + gsinBcos

1
—(a+g) E

3g ]1
=|— 4 —
[20 £)5

_%dg
40
(ag)y =(acosB + gsinB) sinh —a
~28g _3e
© 40 20
_17g
40
5. fi(max.)=p;m g

T(pull) = 125 N
f A
;L_.ﬁ - ‘

B —n—n—j

-

=0.3x60x10
=180N
FomB=f (max.)+ T
=180+125
=305N
A will remain stationary as
T < f, (max.)
f1=125N

Force of friction acting between A and
B=125N

.. Options (¢) and (d) are incorrect.
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fo (max) =p, (my +mglg
=0.2(60+ 40) 10
=200N
fi+T=125+125=250N

As, f; + T'> f, (max. block B /along the A
as A is stationary) will move towards right
with acceleration.
Option (a) is correct.
(fy +T) = f; (max.)
ag =

mpg +mA

_250-200
40 + 60

=0.5m/s
Option (b) is correct.

(See solution to Question no. 4).

N =mgcos® - masin®
Option (c) is correct and option (d) is
incorrect.
As angle between the directions of a and

g sin 0 will be less than 90°, acceleration of
block A will be more than g sin®.

e > gsing

Option (a) is correct and option (b) is

incorrect.

Maximum value of friction.

fi = between A and B
=0.25x3x10=75N

f> = between B and C
=025x7x10=175N

f3 = between C and ground
=025x156%x10=375 N

10.

11.

12,

(a)

oM
» 175N
—T B
37.5N

Fe—— C —sT

17.5N

T'=175+75=25N

F=T+3754+175=80N

()T-75-175=4a (1)

F-T-375-175=8a savliT)

F=200N ...(ii)

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.

. Nsin8=ma=1x5=5 (1)

.. (i)
Solving these two eqguations we get,
tan@ = % and N =55 N,

Necosb=mg=1x10=10

Let f; = friction between 2 kg and 4 kg

f; = friction between 4 kg and ground
(Ffi)max =04 x2x10=8N
(f))=02x2x10=4N

(fig)max =06 % 6x10=36N

Fiy =04 x6x10=24 N
(b)Att=15,F=2N<(f.2)max
. Both the blocks are at rest.
s fi=0
(c)Att =45, F =8N <(fiy)max
.. Both the blocks are at rest.
L =F=8N,

a=0T;=10N,
T, =20+ 1, =30N,
T,=20N.
foax =03 x2x10=6N
(a) ALt =28 F=2N

s f=2N
(b) Att=8s, F=8N>6N

. f=6N



(c)Att=10s,F=10Nand f=6N

a=10_6=2n‘u’s2

(d) Block will start at 6 s. After that,

net impulse

=%x4x(6+10}+2x10—6x6

=16 N-s = mv

U=E=8mfs.
2

18. foax =04 x2x10=8N
(b)At{=38s, F=6N
». Common acceleration

Match the Columns

1. Acceleration aftert=4s
Att=4s,F=8N

Fmax:8
ie, WHmg=8
= I_lszi: 8 =04
mg 2x10
(@)= (r)
Att=4s, a=1ms2
t=4s, F=8N
F-p,N=ma
b i _F-ma_ F-ma
N T N e
=8—l(2><1):0‘3
2x 10
(b)=(q)

Att=01s, F=0.2N
-. Force of friction (at t =01s)=02N

(e)— (p)
Att=8s, F=16N
o= F—u,mg
im
_16-(0.3x2x10) _,
2
ie., 2 -05
10
(d) = (s).

2. At0=0° dragging force =0
Force of force =0
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a= § =1m/s?
6
.. Pseudo force on 2 kg
=2x1=2N (backward)

14. N=Mg - Fsin®

Fcost=uN =u(Mg — F sin 0)
_ Mg
cosB+usin®
For F to be minimum,
dF
—_— :0
do

s (a)—= (s)
At 6 =90°

Normal force on block by plane will be
zZero.

Force of friction =0
(b) = (s)
At6=30°
Angle of repose = tan™'
=tan"'(1) =45°

As 0 < angle of repose, the block will not
slip and thus,

force of friction = mgsin 0
=2x10xs8in30°=10N
2 (e)— (p)
AL B =60°
As 8> angle of repose
Block will accelerate and thus force of
friction=p N
=1x%x2x10 x cos 60°
=10N
s (d)— (p).

. All contact forces (e.g., force of friction and

normal reaction) are electromagnetic in
nature.

- (a)— (qg), (r)
(b) = (q), (1)
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Nuclear force is the force between
nucleons (neutrons and protons). Between
two protons field force also acts.

4. (a) Np =10=2(+5)

5 mls?
nioddallly
+ ive
10N
—_—
Ngr
- N, =20N

~(a)— D
(b) mg (=20N) > F(=15N)

Ng

420 N

t

F(=15N)

Block would be slipping in the downward

direction.
Force of friction will be in the upward
direction.
Frictional force =20- 15
=5N
s (h)—= (p)

() If F =0, the block will slip downwards
due to mg (=20N)
Limiting friction = Np

=0.4 %20

=8N
Minimum value of F for stopping the block
moving down = 20 - 8

=19N

s (e) = (8).

(d)F=mg+8
=(2x10)+8 |
=28 N Ymg ¥l fac=8N

s (d) = (s)

—

5. (a) As block A is stationary, f = 10N
, T T 3 T T

F=10N

A

=
f
s(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

Npo=Ng+mpg
:mBg“'“ng
=(mp+m,)g
=(1+1)10=20N

< ()= (q).
(d) As block A is stationary

T = F (as shown in figure)
=10N
- (a)— (p).

6. If friction force (/) is less than the applied
force (F).

L F

Net force on body = F - f

The body will be in motion and thus the

friction will be kinetic.

~(a)—= (q)

(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.

()= (p), (1)

(c) If object is moving the friction would
be kinetic as explained in (a).

i (e)— (q).
(d) If the object is at rest, then friction
may be static and limiting as

explained in (h).
(@)= (p), (r)



7. (a) Normal force between A and B=m g
f1 (max.) =pym 4 g (towards left)

H |A | = 1( R)

f-|""—
|8 3k el
f, = Ha
| ¢ 5 kg |
fH(R)
=0.2x2x10
=4 N

Normal force between B and C
=(my +mg) g
fo (max) =py (my +mp) g
=0.1(2+3) x 10
=5N
Total friction force on 3 kg block
= fi (max) + f, (max) =4 +5
=9 N towards left
= (a) > (q), (8)
(b) Friction force on 5 kg block
= fy (R) = f; (max)
=5 N, towards right
~(b)—= (p), (8)
(c) Friction force on 2 kg block due to 3 kg
block = fi(R)
= f; (max)
=4 N, towards right
=~ (€)= (p), (s)
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(d) Friction force on 3 kg block due to 5 kg
block = £, (max)
=5 N, towards left.
~(d)— (q), (s).

8. (a) and (b)

. Angle of repose = tan ™! % = 40.89°

Now as, angle of incline (30°) < angle
repose (= 40.89°)
The block A and so also B will remain
stationary.
“(a)— (1),
(b) = (r)
(¢) Tension (T) in the string connecting
2 kg mass = mg sin 30°

=2x10x g

=10N
< (e)—= (s)
(d) Friction force on 2 kg mass = zero.

o (d)— ().
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Work, Energy and Power

Introductory Exercise 6.1

1. Work done by_,=i‘)-§ 2. Work done byi"=?’-]f
—_
N
s S
3 NT 3 ! VT
F [ 1 :'—"'_
-— [
=
w -
| -x I
[F|=F,IN|=N,|W|=W
IT|=Tand x|=x =IF||Tlcosn
= |F |Ixl cos =-Fl

— —

—Fx Work done byﬁ=ﬁ-_f

Work done by IN|=N-x

INIIT]cos E =0
2

= INIIX| cos = o
% WorkdonebylWI:W-T
=0
W il
Work done by W = W - x IW[11] cos 5+
:I\_‘,fl-lﬁlcosg =—WIlsinu
0o Work done by I'fl:’_l)‘v_l)
Work done by T=T-x =|T]11]cosf
=IT11Xlcos 0 =T1lcosP

Tx



el
=
-
;
-

Work done by string =T 1

—

=TT |cos &

5
lcosm

zyimg
4
3
=-—mgl
4mg
4. u N =Fcos 45° ...{)
F sin 45° A E

: F
vy e /

i
| F cos 45° !

ulN 1
w

N =IN|,W =|W|

s=Isl,F=IF, g=Igl
N+ Fsind45°=W L. (1)
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Substituting value of N from Eq. (ii) in
Eq. ().
LW (W — Fgin 45°) = F cos 45°

1 1 1
cWeF—|=F—
. 4( &) 72
F F
W-—=4"—
o N
5F
or — =W
NZ
5
or F:ﬁW:ﬂ
5 5

—

Work done by force F = F- s

— [F||8]cos 45° = F s~

V2
V2 1 mgs
_[5 il MR
_1.8x10%2
5
=7.24d

Work done by friction = N-s

o = |
=nINlIslcos

=—Uu Ns
=—Fcog45°s
=-7.2J

Work done by gravity = E s
=gl 18l cos ™
2

=0
F = mg sin 45°

| | 1 2ms™!

F

mg sir) 45
mg cos 45°

45°

1
=1x10x —
V2
=52N
Displacement of lift in 1s =2 m
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—

Work done by force of friction (F) =F-s
= [FII's | cos 45°
= Fscos45°=5643.2--1 = 10Nm
)

6. Total work-done by spring on both masses

IEI—‘/V‘MNVV\NW—IEI

|<—J|.‘[)
i

= PE of the spring when stretched by 2x,

7. Work done = Area under the curve
, FIN)

I
B
I
]
Ab
)
[#7]
p=Y
B

x(m)

?
(V]
e

------------ L— 10

=A+A +A;+ A

=[_2X_10J+l_2;10J+[10X2]

2
[2 X 10}
+
2

=30 Nm

Introductory Exercise 6.2

1 2
=—k(2x
3 (2x4)
=2kal
». Work done by spring on each mass
2k
— =kt
] -1
1. a=m$=_10m5“2
2s

F=ma=2kgx-10ms 2 =-20N
g = Area under curve
=%x25x20ms_1

=20m
. Work done = F s =(-20N)(20m)
=-400Nm
2. According to A (inertial frame)

5
I

Acceleration of P=a

}—sa

Force on P =ma
Work done over s displacement = mas
Now, ¥ =u? + 2as
=2as Cru=0

~ Gain in KE=%va =%m2as=ma3

AK =W (Work -Energy theorem)

According to B (non-inertial frame)
work done
= Work done by F + Work done by f,
(pseudo force)
=(mas) + (- mas)=0
As Pisat rest ,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
Worlk-energy theorem.

3. v=0x

dt  2Jx dt
1 o?

=0 ——0x = —
2Jx
2
F=ma=m.a—
2

[k}

2
W Mo g
2



4. AK = Work done by F
+ Work done by gravity
F=80N

F
Sg
=80-4.cos0+5g-4-cosn
=320+ (- 200
or K,- K, =120J
or K,=120J (as K, =0)
5. Change in KE = Work done

i = iy

%mvz=ng(l—msﬁ)+ngsjn8
= u=\/2gR(1—cosﬁ+sinﬁ')
6. A\K =W
or O—Emvf,:Jx—Axdx
2 0

Work, Energy and Power 111
i

or —lmv?):—A—
2 2

= x—v\/E
=Ug|—
A

7. (a) If T=mg, the block will not get
accelerated to gain KE. The value of T
must be greater that Mg.

[ ]

Mg

Hand

.. Ans, False

(b) As some negative work will be done by
Mg, the work done by T will be more
that 40 .

.. Ans, False

(c) Pulling force ¥ 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
1%
Bl m B
Ground Ground

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.

mAg x = %kxz

Now, for the block B to just leave contact
with ground

kx =mg

ie., 2m, g=mg
= mﬁ,'=E
2
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2. Decrease in PE = mgé
lmvz =m £
2 =mEg
s | B
Le., U= \,'g
3. OA=50cm

C20cm B 40cm  —

. Extension in spring (when collar is at A)
=50em —-10cm =04 m
Extension in spring (collar is at B)
=30cm - 10 em
=20em =0.2m
KE of collar at B
= PE of spring — PE of spring

(collar at A) (collar at B)
- % x K % [(0.4 — (0.27]
or L mut =1 50012
m 2
A
i o - [B90x012 _, .
B7Y 10

Extension in spring (collar arrives at C)
=[y(30)* +(20)* = 10]cm = 0.26 m
KE of collar at C
= PE of spring — PE of spring
(Collar at A) (Collar at ()
:% % 500 x [(0.4)* — (026 ]

or %mug = % x 500 x 00924

o :%x0.0924=2.15m8_1

4. Work done by man = % gh + Mgh
m
=|—+M|gh
(5 +)e
5. When block of man M goes down by z, the

spring gets extended by x. Decrease in PE
of man M is stored in spring as its PE.

3r°

;
-
mg

ng=1kx2
2
or kx =2Mg

For the block of man m to just slide
kx=mgsin37° + L mgcos37°

Introductory Exercise 6.4

1. Velocity at timet=2 s
v=gt=10x2=20ms™’
Power = Force x velocity
=mgu=1x10x20=200W

3 3 4
or 2Mg =mg — + — —
24 35 4mg5
or M:ﬁm
5
. s F
2. Velocity at time=at="— ¢
m

S = 2F—t (acceleration being constant)
m
F?t
P.=Fxv,=—
2m



Instantaneous power
= Force x instantaneous velocity

m m
Energy
3. Power=——
Time
P=%E¢KE=Pt
—mv® = Pt

2
|2 Pt
or D= —
m
or ﬁ = 2 5 51!2
dt \'m

ap
2P 172
or ds=.— |t " dt
j \/m j
2P t‘d.’z
or §=, [/ ———+c¢C
m 3/2

Att=0,s=0,-.c=0
8= Etaﬁz
V9m

KE=IPM=det
=2 +c

Thus,

4, P=2¢

Work, Energy and Power

Asatt=0,KE =0,¢=0
KE=¢

& . g
i.e.,lmvzztzorvz it
2 m
P :2'0+2t:t

av 2

L U=-20+(x-27?

PE(=U) is minimum atx = 2.
.. Equilibrium position is atx =2 m

.. Equilibrium is stable.

. F=x-4

For equilibrium, F =0

ie., x—4=10
ie., r=4m
As,F:—ﬂ
dx
dlU
—=—(x—4)
dx *
d&'U
@

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
=40x2=80Nm
Work done by force of gravity = mgscos &t
=2x10x2x—1=-40Nm

- = =
2 1‘21 =l'2 —I‘L

2i+3j-4k-Qai+4j+6k)

i-j-10k

Work done :f"»r';1

-6i-2j+k (1-j-10k)
=6+2-10=-2Nm

g -T=mua

T —myg =mya

Solving Eq. (i) and Eq. (ii),
my — iy,

) my + iy #

_ e

T4+1
wmy=4kg

[and my =1 kg] T

_3 d

= gg T

.
2

a

g

mag

113

(1)
...(ii)

mig
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e

=12m
Work done by gravity on 4 kg block
=4gx12cos0
=480 Nm
Solving Eq. (i) and Eq. (ii),
e 2mymy g
my +ny
4
—2xgg
=16N
Work done by string on 1 kg block
=16x12¢o0s0
=192 Nm

4. Work done by applied force = F scos 45°

N
F=16N

F
4 /

mg

=16x2-2><i_
/2

5
=249 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 8

=2x 10 % 2sin 60°
=203 Nm
=34.6 Nm

Work done by force of friction
=fscosm
=l Nscos
=—n(mgcosB)s
=- é{Qx 10 % cos60°) % 2

=—10Nm
(b) Work done by a variable force.
6. W= [Fdx

= [ -2xdx

x=2

gqr=—4
E x=2

= —[(—4)® - (27]
=—12Nm
7. w =dex

=J-x—'2 idx

x=4 xz

-3
:j" 4x? dx
x=4
21 =2
-2+1 % o

r=2
=_4H
Xlr=4
1

:—4[———]:—1Nm
2 4

(c) Work done by area under F-x graph
8. (aAW=3x(5-100=-15Nm
Fu(N)

x(m)

2 4 6 8 10 12 14 16
(b)W =3x(10-5)=+15Nm



(C)W:wzsmn
{d)W=(10_4)+(12_0)x3
2
=+27 Nm
9 i 8=9+E-0
2
4 Fi(N)
1| S g
I 1
I 1
] 1
] ]
1 1
I <o)
o 1 2 3 4°~5 8B 7
-1 -‘.\‘\JI
=4 Nm
()W =0Nm

{c)W=%(6—4)(—1—0)=—le

()W =4Nm+0Nm+(-1) Nm
=3 Nm.
Conservative force field and Potential
Energy.
d
10. F=-—U

dr

== iA.ir"l

dr

e B %ﬁ

11. U=(x-4) -16
. PE (at x =6.0m)
=(6-47-16=-12J
KE (atx=6.0m)=8.J
(a) .. Total mechanical energy
=(-12)+(8)=—-44J

(b) KE will be maximum where, PE, is
minimum.

For U to be minimum,
-
dx

i[(x—zz)” —16]1=0
dx

0

or 2(x-4)=0
or x=4m

Work, Energy and Power 115

- minimum PE = (4 — 4)? - 16
--18J

Now, EKE), . + PE), ., = Total
mechanical energy
or (KE) 0y +(-168)=—4
or (KE),,, =12J
()PE, .. =KE_ .. =12J
| PEmax . PEmax
Ol x=4
KErnax
U=(x—47°-16
or 12=(x-4)7%-16
or  —8x-12=0
= x=4+2J3
and =4-2.3
(D U=(x-4"-16
ﬁ =2(x-4)
dU
FF=——=-2(x-4)
dx
or F,.=8-2x
(e)F, =0
iLe., 8-2x=0
or x=4m
Kinetic energy and Work-energy theorem
12 K- P
2m
2
(-3
) e~ o2/
2m

(K’ is the KE when momentum p is
increased by 50%)

or K’:gi
4 2m
- k=-2k
1
ar i Ay g
4 4
K -K _
-
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13. p=@2mK)"*?
p’ =[2m(K +1% of K)I'*

(p’ is the momentum when KE ie., K is
increased by 1%)

1
=[2mK (1+1%) 2

ie., p= p[1+—]

- Increase in momentum = 0.5 %.
14, s=(2* -2t +10) m

@=4t—2
dt
dzs L
—— =4 ms
dt*
d«z
F= il
e
=2%x4=8 N

s(att=0s8)=10m
s(att=28)=22-22+10=14m
SAs=14m—-10m=4m

Work =F As
=8Nx4m
=32Nm
il 0AF 018 ..
2s 2x2 4
mg—T:a T
n
i.e., T=m(g—a) la
=30(10-0.04)
=298.8 N

Work done by chain= T scos
=—(298.8 x2) Nm
=-597.6 Nm

16, a = 10° _ 2.5ms ™2 F (Push of air)
2x20
Now, mg - F = ma la
; F=m(g—-a)
=5(10-2.5) mg
=375N

Work done by push of air

=Fscosn

=—(37.5x20)

=—-T750Nm

17. (@AW =dex
= [*@5- ) dx

93

=(2.5x2) - ?

=2.33 Nm
~AK =2.331] (I1Nm=1J)
ie, KE(atx=2)-KE (atx=0)=2.33.]
~KE(atx=2)=2.33.
(b) Position of maximum KE

F=25-4
.. F decreases as x increases and F is zero
when x = /2.5 m
Thus, work will be +ive from x=0 to
=+/2.5 m an so KE will be maximum at

x=+25m.
KE (at x = 2.5 m)

j‘z’@s 2)dx




F—
=T
m
g F
or —_=——
10 m ¢
11
or F=—
10 e
o,
T OYE
F
mg
(a) . Work done on astronaut by F'
_Ume g
= o xT2x10x 15
10
=11642.4 Nm
(b) Work done on astronaut by
gravitational force
=mghcos Tt

=—T72%9.8 x15=-10584 Nm
(¢) Net work done on astronaut
=(11642.4) + (— 10584) = 1058.4 Nm
~KE=10584J
() %m& =1058.4

v= M =5.42 mS_I

Y 72
19. T =mya .1
and mg-T=ma -1
a

T
|
a
m'rg_T
1m

Work, Energy and Power 117

Adding Eq. (i) and Eq. (ii),
mg =(m; +myla

__ M
- my + iy
=ﬁg C¢:m; =1kgand m, =4 kg)
=8 _omg?
5
Now, v =u? +2as
ie., v? =2as Cru=0ms™h)
or v= m
=+42x2x1
=2ms™}
50

20. T-50=—a
10

T v
T .T T
T
N |
rf [l
al T 50 (N)
300 {N)
or T -50=ba ...(1)
and T =21
T’
e., T= ..(i
ie 5 (i)
From Egq. (i) and Eq. (ii),
T -50=>5a
or T'—100=10a ...(111)
Also, 300- 71" =39,
10
ie., 300—-T"=30a (iv)

Solving Eq. (iii) and Eq. (iv),
a=5ms™

T'=100+10a =150N
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21.

22.

Mechanics-1

NRcos(180° — ) + mgR = é mu?

&

(mg cos o) R (- cos @) + mgR =%mvf

or %mvf = mgR (1 - cos® o)

or v? =2¢gR sin’ a
or v, =4/2gR sina

(v, is the speed with which sphere hits
ground)

1mvﬁ, =mgR - L mu?
2 2

=mgR - %m 2gR sin® a

= mgR (1 —sin® @)= mgReos® o

v, =+/2gR cosal

(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%9.8x 12 10—3=é x 45 x v? +% x 1050

x [(75 +24)* = 757 1x 107®
5.292 =22 507 +2.192

i.e.,

or 22.50% =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=80u , +0.045

or pk=w=0,l24

f = force of friction while disc in slipping
over inclined surface = | mg cos 30°

Stops

L2

- 0.50 m

[’ = force of friction while disc is slipping
over plane surface = mg

Now, decreases in PE of disc = Work done
against, frictional force

mg-; =fs+ f7(0.5)
or mg%:(u mg cos30°) s + 1 mg (0.5)

or mgs(0.5—pcos30°)=pnmg(0.5)
oo ux0.5
0.5 — L cos 30°

0.15x 0.5
= 0.2027 m

05-0.15x% %

Work performed by frictional forces over
the whole distance

8 50

=_ - X

0.2027

- 300x%—0,2x300x§—2T=30a



26.

27.

or 180 — 48 — 2T = 30a
or 132 -2T =30a ...(i)
Also, T-myg =mga
or T —-50=5a
or 2T -100=10a )
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 ¥ =2x08x1
or v=112ms™"

Work done by frictional force acting on
block
=— | mgs
=—-0.25x35x9.8x7.8
=-66.88.J
.. 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

%kx;‘m =66.88
2% 66.88
mx = "Ga0
Maximum compression in the spring
=0.457Tm

Decrease in PE of mass m, = Work done
against friction by mass m; + Increase KE
of mass m, + Increase in KE of mass m,

1okgim_1|—»—<—?:‘

m; =5 kg

28,

29,

Work, Energy and Power 119

mog x4=p mhg,r><4+%qu2 +%m21:§

5x10% 4=0.2x 10 x 10><4+é(10+5)vz

1

Solving, v=4ms”

Three types of Equilibrium

dl/
a)F=—
(a) &

dU F

dr

+ive

Point

—ive
+ ive —ive
—ive +ive
—1ive +1ve

ZEro

> w e Jle - e

Zero

(b) x = 2m point is of unstable equilibrium
(U7 being + ive)
x =6 m point is of stable equilibrium
(U being lowest — ive)

3
U=%X _4x+6
3

For U to be maximum (for unstable
equilibrium) and minimum (for stable
equilibrium)
du _
dx

0

——=2x(+2)=+4
dx®
.~ Uis minium,
Atx=-—2m,
U
@ =2x {— 2) ==4
.~ U is maximum.
-.x =+ 2m point of stable equilibrium.

x =— 2 m point of unstable equilibrium.
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30. F-- %Y

X
i.e., U=- J Fdx
= — (Area under F - x graph)

The corresponding U Vs x graph will be as
shown in figure

4

£ B

=S
@]
m

i

/

Thus, point C corresponds to stable
equilibrium and points A and F
correspond to unstable equilibrium.

31. —g charge placed at origin is in
equilibrium as is two equal and opposite
forces act on it.

(a) But, if we displace it slightly say
towards +ive x side, the force on it due
to charge to B will decreases while that
due to A will increase.

. —‘q +q

0 F Fi>F

Due to net force on —q towards right the
change — g will never come back to original
0, its origin position.

Objective Questions (Level 1)

Single Correct Option

1
1. InKE = ému2
m is always +ive and v? is +ive.
(even ifv is — ive).
-~ KE is always + ive.

Thus, the equilibrium of the charge —g
is unstable if it is slightly displaced along
X-axis.

(b) If charge — ¢ 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
equilibrium of the — ¢ is stable.

F o F
e -ﬂ—--""-’I\“u“f i
8 ] Fon =
(-a0,0) o
32. (a) Velocity at # =0sis 0 ms™!
Velocity at t=2 s is 8 ms™! (using
v=0+af)
LUy, =4m s~ (as acceleration is constant)
Pﬂ\; = F X UﬂV
=mav,,
=1x4x4=16W
(b) Velocity at t=4 s is 16 ms™ (using
v=u+at)

.. Instantaneous power of the net force at
t =4 s will be

P =mav
=1x4x16
=64 W
33. Power=F,;, Unax

vmax
—_—
_meaK _.""r:rnin= (F}
= nitially r - Finally
P=rvg,
P
Umax =

Below reference level (PE =0) PE is — ive.
.. Mechanical energy which is sum of KE
and PE may be - ive.

.. Correct option is (a).



2.

3. 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

Yes, this is work-energy theorem.
.. Correct option is (a).

frictional force will be zero.

= =

4 W=F ry

=F(1 -1
=(i+2j+30 ((1-j+2R-(1+j+ k]
=(1+2j+3Kk (-2j+K
=—4+3
=-1J
. Correct option is (b).
~W=[Fdx
= [ 7-20+ 3%
=[7x -2 +x°]§ =135J
. Correct option is (d).

= =%

P=Fv
=101 +10j+20k) (51 -3)+6k
=50-30+120
=140 W

. Correct option is (c).

Work done in displacing the body

=Area under the curve

=(1x1m+(1x&+(1x—5)+(1X10J
=15J
-~ Correct option is (b).
mgh + = muv*
p-¥_
t t
800kg x 10ms ™ x 10m +
% % 800 kg » (20 ms )’
- 1 min
~ (800 x 10 x 10) +[400 x (20)°]
- 60

10.

121

Work, Energy and Power
_ 80000 + 160000
60
= 4000 W
Option (e¢) is correct.
3
-,
3
_dx _p
di
and = g =21
dt

F=ma=2x2t=41
W=Fo=dtx¢ =4¢*
. Work done by foree in first two seconds
:jf=24‘33d3
t=0

42

4,
=164J

.. Correct option is (c).
Range = 4 x height

u? sin 20 u’sin® @
or =4.
g 2g
or sin 20 = 2sin® 0
or 2sin BcosB —2sin?0 =0
or sin @ (cos® —sinBH) =0
or cosB0—sin®=0 (assinB=0)
or tanf=1
ie., 8 =45°
Now, K = KE at highest point
" m (wcos 0)°
2
= 1 mu® cos® 0
2
= % mu® cos® 45°
2 2
1 mu? =2K
2

i.e., Initial KE = 2K
.. Correct option is (b).
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1. P=3#-2t+1

ie., ﬂzsrz =
dt
dW = (31> -2t + 1 dt

W=['@2 -2+ Dde

or =[t? -2 +£13
=(4* -4 +9-2*-2+2
=b2-6
=46
AK =464d
Correct option is (b).
1

12. K, ==x10x10? =500J

Work done by retarding force,
W=["-0.1xdx
20

230
i _MP_L
2 1]

= —0.05 x [(30)° — (20)%]

=-254
Final kinetic energy= K, + W
=500+ (- 25)
=475J

. Correct option is (a).

13. KE of 12 kg mass : KE of 6 kg mass

1. &1 .3
= =M1l [ —Mpl
9 12! 9 6

[Acceleration being same (equal to g) both

will have same velocities]
=My i Mg
=12:6
=1
14. W= %k[mﬁf -x]

2 2
:1x5xma[[£) _(iJ]
2 100 100

_5x10°
2 x 10

. Correct option is (¢).

(100 -25) = 18.75 Nm

15. x=20m to 3.5 m
a__6 _
dx 1.5
F=+4N
x=35mto4d5m
al 2
—:—:2
dx 1
F=-2N

x=45 mto5.0m
diU _

dx

& F=0N

Work done=(4 x1.5) +(-2x 1)+ 0
=4J

1mu2:4
2
or Lokl wib g
2

% v=2v2ms!
16. KE at highest point

= % m (i cos 45°)*

()
) V2

.. Correct option is (a).

17. Work done by person

= —[Work done by gravitational pull on rope +
gravitational pull on bucket]

. {[—mg %] (- Mgh)]

m
=M +—|gh
(43 )e
.. Correct option is (a).
18. 1muzzFx
2
1ﬂru.J’2=F.1:’
a
’ 2 9 2
_x_=vz =( l;} =4 = x'=4dx
X U v

.. Correct option is (b).

-.(1)

...(i1)



19. Vertical velocity (initial) = v, sin 6

20.

21.

At an altitude h

(vertical velocity)2= (v sin 07 +2(- gh
(horizontal velocity)g = (v, cos 0)>

(Net velocity)® = Uﬁ —2gh

Net velocity = v} — 2gh

Maximum power will be at 2 s

velocity (at ¢ =2second) =a -2

..
m
2
.'.POW&I‘(attZQSJZFXg:£
m m

-~ Correct option is (d).

v=0+at
:at:£‘£
m

Instantaneous power,

P=Fv
o L
m
3
or P:F—‘t
m
or P = constant t.

. Correct option is (b).
While ball comes down
u=0

1a=+g

—

+

H
|
I
I
)
)
Y
v=gly
at £ = £, when ball strikes the surface
Using v=u-+at
v=0+ gt
Le., v =gt

1 g 1 9
KE =Zmp“ == £‘2
2ml 2mg

K =0t

where, &=—mg® = constant.

b | =

23.

Work, Energy and Power 123

L

Fig. 1

While ball goes up after elastic
collision with the surface it strikes

o

Bt TR

o

Using, v=u+at
v=_(—gty) +(+ g) £t —¢,)
v=—g(t—2¢)

KE:émgz(t—Qtﬂ)z

ile., K=0(t- 2%)2

Fig. 2

From the expression for KE
at t=2t;, K=0
as shown in Fig. 2.

.. Correct option is (b).

p (block) =3000 kgm™ and © (water)
=1000 kgm
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c 1
P 3
(External force applied to move the block
upward with constant velocity).
Work done = F' s
=v(p-o)gs
=v(p-0)x10x3

i.e.,

=§{p—6)><10><3 Ccop=5)
p

=5[1—9}x10x3
P

:5[1—%)><10><3:100J

. Correct option is (a).
Net work done
Time of flight (T')
_ mgHcos T+ mgH cos 0
- T
H = Maximum height attained by the
projectile

24. p, =

(0)

= — = Zero
xE

25. Wia) = 5{2 k' (x)

— | ——
—AAAAANAAN—
2K k'

AW

B 1 e - 2[(3 =

(@) (b)

Force Constant

W(b) = % ¥ (x)?
Wia)=>W(b)

- Correct option is (c).

26. Y
\ Given
Straight line along which

work is zero.

5/3 e .
F = 20i + 15j

d3y+ox=5
i AR LA
5/3 5/o
From above figure
ta_ne:l_:é
20 4
Work done will be zero, if
=0
ie,tan¢=tan®
5/o0 3
or — ==
5/3 4
3 3
or —=—
o 4
= o=4

.. Correct option is (d).
27. Let x be the elongation in the spring.

Increase in PE of spring = Decrease in PE
of block

%kxz = mgxsin 6

2mg sin @
xzi
k

=
.. Correct option is (a).
28. s=2£1-5j
 ds =4tidt
W:Jl_i"'ds
2 4 4 4
=IU(3£1+53)-4£1dt

= jj 12 £ dt

a2
4
0
=[42213
=32J
.. Correct option is (b).
29, W = mgh + mgd
=mg(h+d)
or F,,d=mg(h+d)

h
F_ = j i Bk
av mg[ +d)



30. Energy storedin A=E = %k R 34.
Kka kg
WA MWW
A 2ky = 2kg B
F F
—MAAMMAAS = AMAAMAA—
A F B F
i (E
2 oLE,
Fz
2k,
F2
Energy stored in B= —
2ky
FZ
= E ( kﬂ =2 kﬂ}
e 35.
_1F _E
22k, 2
. Correct option is (a).
31. lkxz = 1 mu”
2 2
\/ﬁ
x=v,|—
k
=15 }E =0.15m
50
- Correct option is (a). 36,
32. %m:ﬂ =F(2%) (3

1

§m(z.:,s)2 = F(nx) ...(i)

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

@ _n
v : 37
= n=_8 )

- Correct option is (d).
33. mgh :%mv2 +%kx2

ie, v = \f2gk - ikg

m

s ‘fz %10 %0.16 % % (0.15)2

v=0.866m s’
. Correct option is (b).

or

38.

Work, Energy and Power = 125

Decrease in PE of mass m

=Increase in PE of spring

iLe., mgdsinf= %kxz
2
d:L
2mg sin 0
- 100 x 2°
- 2% 10% 10 % sin 30°

or

=4 m.

.. 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
Zero).
-1
Acceleration = —(0 20) vig
(10-0)s

=—2ms~?
Therefore, net force on particle

=2kgx-2ms~2

=-4N

i.e., the net force on the particle is opposite
to the direction of motion.

. Correct option is (a).
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39.

Mechanics-1
Net work done=F x s
= F x (Area under v-f graph)
szl x(%x20x10] = 400

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 = %mvz =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
Height of bounce = (100 - 20)% of 10 m or h' =80% of h =80% of 10 m
=8 =8m
JEE Corner

Assertion and Reason

1.

2.

P=Fv

For power to be constant, the wvelocity
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).

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).

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).

|1
myg (a conservative force)
h

| s
I mg
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.
2 -
i = SEF
[ o ] —
[ 1 L
A B
— -
s s
F F
£
e’ 8 el
D
c

= F s’ cos (90° + 0)

=—Fs'sin0

= =
Wop =F-s=Fscos@



8.

10.

W, = F -8 cos(90° - 6)
=Fs'sin®
Wi +Wep + Wy =Fscosb=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 wvertical 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

1.
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greater than 90° and that between N
(normal force on wedge) and its
displacement will be less than 90° as given
in reason.

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.

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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12. Decrease in KE = %muz -0

f+—{_] £__1 Slope

Change in mechanical energy
Objective Questions (Level 2)
Single Correct Option

1. Increase in KE of bead = Work done by

gravity + work done by force F

%mv2 =mgh + FR

(Displacement of force F' is R)
=%x10x5+5x5=50

[100
= —_—
m

=+200=14.14ms"

.. Correct option is (a).

2. P=Fv
= mav

[ du] [ dv dv ds dv
=mlv—|v |ea=—=— -—=v
dt ds dt

ds = Eugdv
p

ie., jds =1 jfuuz dv
P

musﬁu
or g§=—|—
pL3],

=™ (@)% - )%=
3p

. Correct option is (a).

1

Tmov

ds

3

)

@

PE+KE=%muZ

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.

(L does not change with the increase in
angle of inclination)

.. Correct option is (c).

Loss of PE of block = Gain in PE of spring

P

O

A

=

mg(d+2)sin30°=%k><22
oF 10><10><(d+2}x%:;><100x22

d=2m

Let, v, = velocity of block when it just
touches spring

%mvi = mgdsin 30°

12 =10X2x2X =

2

v, =+20ms™
Correct option is (a).



4. Mass per unit length of chain =

nRkR/2
dm = Rdo——
TR/2
_.'ydm
Yo Tam
i
1
1
1
’ i cM .
R (1 = c08 6] pooad®™ | y }(1'5)
J‘M“"R(l—cos 0) —~ R d®
_#0 TR/2
B m
= @jﬂm(l ~cos 0)do
n -0
= ,_.2£|:E . ]_]
w2
= R[l - 2]
n
1 5
Now, g T e ot
or P = 28 Yoom
o~ foen(1-2)
n
. Correct option is (c).
5. The moment string is cut
T
T=mg
mg
mg Fi(=
F (= mg)
F=kx=mg
F=mg
| B |
mg (weight) mg
(downward)

Net force on A =2mg
a, =2g
Net forceon B =0
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ag = 0
.. Correct option is (b).

6. Letx be the expansion in the spring.

KA KA Il

Mg

Increase in PE of spring = Decrease in PE
of block C

i kx® = M, gx
2
ie., kx=2M g
For block A to remain at rest
kx = K inin Mg
or 2M g = pin Mg
M,
M min = ?
.. Correct option is (c).
. Ti=mg
KX, = Q%g = mg

When one spring is cut. It means KX,
becomes zero. Downward aceceleration,

_KX;, _mg_g
2m  2m 2
Now drawing FBD of lower mass :
mg — T =ma="%
2
T =M
2
or AT=T,-T,-T%€

s mgsint — |1 mgcos 0
ni
=gsin® - geos O
For v to be maximum ¥ A

or v—=10
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10.

11.

Mechanics-1

dx dv
or b i
dt dx
or @HJ
dt
or a=0

ie., gsinB=p gcosh

or sinB=|LcosB
3_3 4
or —=—x-—
5 10 5
= x=£=2.5m

- Correct option is (d).

(a) Between points E and F, Z—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

—

v
%—\
u
[F] mg_’

g

=mg (a+gt

=mgucos (90° +0) + mE-Et
ie., P=-mgusin® + mg’t
lul=ulgl=gl
Therefore, the graph between P and ¢ will
be as shown in option (c).

e |

|—2x —>{

__.|
[

umg

PE of spring due to its compression by x
= | Work done by frictional force when
displaced by 2x |

ie., %kxz =u mg2x

12,

13.

14,

x=4umg
X

=

.. Correct option is (c).

Power delivered by man = T v

=TuvcosH _
—3 T—>
IT|=7 ’_!/ o
and [v|]="T - i—
b=3x+4y
¥y
?N P (6m, 8m)
I
--Jan
+7 Fret =:5N
o [
|
A
R ~— 6 m—=0Q X
J.=—?—q)——3N
ox
and F3,=—a—¢=—4N
1 ay
PR_5
PQ 4
oy PR:%xPQ:IOm

.. Work done by the conservative force on
the particle

=F, x PR=5Nx10m
=50Nm =504
... Correct option is (¢).

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 Le., the body will
return back. Thenx =x, is the position of
stable equilibrium.

.. Correct option is (b).



15. The man will stop when
X

-
il
mg siny mg cos 6

B

W mgcosh=mgsinb

or (L x) mg cosB = mgsin®
tan©

ar X =
Ko

16. Taking moment about A

kqx G kox
I A 1 =]
F=(ky + kg)x
AC-F=(kx)!
AC:(kgx)f
F
- (kyx)1
(Fy + &) x
b,
by + Ry

.. Correct option is (d).

17. mgh + work done by the force of friction
2
. Work done by the force of friction

1 5
= —mv" — mgh
2

:{%xlxi’?]—(lxwxl}

=-8J

. Correct option is (¢).
a b
18. U=—-—
2 46

U=ax™? - bx™®

For stable equilibrium, Ljf—U =
X

ie, a(-12x P —-p(=6x" =0

19,

20.

21.
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ie., 6bx" =12ax""*
1

ie x:(2_a)g
2., b

.. Correct option is (a).

For the rotational equilibrium of the rod
Py
[ IR P
> - 7 -
mg
{
mg.-—=kxl
“ 2
. mg
ie., X=—
2k
- PE stored in the spring = % ka®
Z 2
_1,[(me) _(mg)
2 | 2k 8k
.. Correct option is (c).
R my —my
iy o+ my

Speed (v) with which mass m, strikes the
floor

=J0° +2g =w2[7ml:’n’2 ]gh
Ll AL

.. Correct option is (a).

F=—ax + bx*
dl

L = _ax 4 bt
dx
or dU =(ax — bx*) dx
or U:j(ax— ba?) dx
ax® by’
or U=—-—"+¢
2 3
Atx=0, F=0
~U=0
and so,c =0
2 3
Thus, e b6
2 3
2 3
U=0,when & %%
2 3

; 3a
Le,atx=—

2b
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23.

24.

8l o, when F=0

dx

ie., —ax+bx* =0
t.e., at .74:—2
.e., )

Graph between U and x will be

of

(ST S
[+
i)
%)

2b

. Correct option is (c).

Wi Ko 1

W, Fs 1

- Correct option is (c).

1 4

Wy 2™

W 2

B —dmuy
2

= v—;‘:i
v 1

= Vs 2
vg 1

Wa l

W, 1
L
K, 1

Uoat(l, D=k(1+1) =2k

U,at(2,3)=k(2+3) =5k
wW=U,-U,
=5k -2k =3k
~ Correct option is (b).

Gain in PE of spring = Loss of PE of block
O

}

fr

'

PE=0level .- & __

for block

25.

26.

%kxfnm=m.g(h+xmx) .1

.. From above Eq. (i),
X depends upon h and alse x

max

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

— i ]

2

nr |et-L CM (f)

|

When the whole chain has justcome out of
the tube.

or imv2—1r1r-:g(2—fc+z)
2 T 2
5+2)
v+ |2gr|—+—
\ o2

.. 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

1mv2 = 1342152
2 2



27.

28.

At this moment, F = kx

. F
i.e., x=—
k
§ k(F] F?
or v=—|—| =—
m\k m
_F
Jmk

. Correct option is (b).
Force on each block = kx

4ms™! 6ms™"
A
. kx kx E
1
=200 x _{] =20N

Power of A =20 x 4 =80W

Power of B=20x6=120W

. Total power =200 W

i.e., rate of energy transfer = 200 Js ™
*. Correct option is (¢).

From O to x compression in the spring
F kx
—{ Al WWWWAMA—~—{B]

m kx 3m

—_—
+ lve

Average acceleration of A
kx—F

2m

ﬂ'z‘l:

Average acceleration of B
kx

i L
B 23m)
As at maximum compression of the spring

both the blocks would be having same
velocity.

2a,x=2azx [usingv® =u” + 2as]

Le., a, =ag
kx—-F kx
2m  6m
or kx — kx
or F:%
3
; 3F
ie., x=—
2k

- Correct option is (c).
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29. Work done on block A in ground frame
=0.2x45x% l(]><(—{Mc—’2
100
=18J

.. Correct option is (b).

30. N =mgcos0
N

=10x% 10 x cos 37°
—10x10x 2
5
=80 N
. Work doneby Nin2s
=Ncosd
=80 x 20 x cos 53"
=80x20x )
a
=960 Nm
=960J
.. Correct option is (b).
TJ’
31. i, oA 5 (given)
m
Upper spring Lower spring
cut Initially cut

T=T+mg i
‘+|ve ;
b

T"+mx10=5m
ie,T"=-5m

_mg-T
m
:mg—(T’+mg)
n
__T'
m
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_ (-5m)

m
=5ms 2

. Correct option is (b).
32. Total ME =25J

5 PE(U).x =25J [as KE can’t be —ive.]

"0 -5 |

Particle can’t be found in the region above
PE (max) line.

n-10<x<—-5and0<x<15
. Correct option is (a).
More than One Correct Options
1. (i) Acceleration

U=Tx+24y
Ff:—?—Uz—'F
dx
pom By
) ay
i
ie., ax:—g
24
i.e., a,=-—
4 5
d=-11-245 me
5 5
ie., la|=5ms>

. Correct option is (b).
(ii) Velocity at t = 4 s

— - —+
v=u+at
=(8.6§+23.23)+[—Z§—%3]4
5 5
=8.61+23.27-561-10.2)
=3i+4]
|vl=5ms™

~ Correct option is (a).

33. Total ME = - 404J
. PE (max)=—40J

U (x)

PE (max)

Particle can't be found in the regions
above PE (max) line.

= “Tt 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 (¢) and (d) are incorrect.

V= 3i + 4]
-7
i
1
]
i
i
1
1
! 4
s - 24j
2, U =100 - 5x + 100z
F,=- 9U __ 3 (100- 5x + 100:2)
' dx dx
=—[-5+200x]
=5H-200x
F, 5-200x
a,. == ——
04 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=-0.06m (second point)
a, =50-2000(-0.05)
=50+ 100
=150 m/s”

. Correct option is (c).

Mean Position
50

a=0atx=——m=0.0256m
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
soa, =50-2000(-0.025)
=100 ms ™
. Option (d) is incorrect.
. (i) If the spring is compressed by x, elastic
potential energy equal to %kxz gets stored

in the spring. Now, if the compressed
gpring 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

il
2

. Correct option is (a).

(ii) If the spring is extended liy X, energy
stored in the spring would be g kx? . If the
extended spring is released the energy
stored in the spring will be lost when the
spring attains its natural length.
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Work done by spring = Energy stored in
the spring

== ka?
2

.. Correct option is (b).
(iii) If spring is initially its natural length
and finally compressed.

1,
Work done on (not by) the spring (= 5 kx‘]
will be stored in the spring.
.. Option (e¢) is incorrect.
(iv) If spring is initially at its natural
length and finally extended.
Work done on (not by) the spring (:

BI | =

kxg]
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 (h).

(iii) Work done by a conservative force may
be + ve, — ve or zero.

"
? S -
I 90°
mg

h h mg

1 mg (a conservative force)

W=mé-ﬁ
=mghcos T

=—mgh
(PE increases)
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W=m El;
=mghcos 0
=+ mgh
(PE increases)
W =m§~ﬁ = mghcos%=0
(PE remains same)

Option (a) is incorrect.
5. F is the force by hand or upper disc

13:?_
K(l+38) |
k(8+1])
k@+1)

( (i 2 b)
3mg 3mg
K=mg _3Y ____
Artist
to make
it 3/2 times
of /
T
l Y Uncomprssed/
3mg Unstretched
spring

N =3mg + k(I +§)
:3mg+k[z+27”‘"g)

=3mg + kl +2mg
=3mg + mg +2mg
=6mg [forﬁ = 2%]

. Correct option is (b).
N=Fkl +3mg
=mg+3mg=4mg
» Correct option is (¢).

When F is removed, the upper disc
accelerates upwards and when it attains
the position as in figure 2, its acceleration
reduces to zero and the velocity gained by
it takes it further upwards. Restoring
force on the upper plate now acts
downwards and that on the lower plate
acts in the upward direction and would lift
it (lower plate) if

k(&—1)>8mg
Le., kd>3mg + kl
or kd>3mg + mg
or 5‘;»4ﬁ

.. Correct option is (d).

Correct option is (a) obviously being
incorrect.

. At maximum extension x :

decrease in potential energy of B-=
increase in spring energy

@2m)(g)x) ==

dmg
k

or k=

. Total work done by internal forces of a

system, which constitute action and
reaction pairs, is always zero and if it is
not so the total work done will not zero.

.. Correct options are (b) and (c).

. (i) Work done by conservative forces may

be + ive, — ive or zero as explained in the
answer to question no. 4

. Option (a) is incorrect.
Correct option is (h),
Correct option is (c).

(ii) In pure rolling work done by frictional
force (a non-conservative force) is always
Zero.

.. Correct option is (d).

. In moving from 1 to 2 work done by

conservative force
=U -0
=(=20)=(-10)
=-10J

.. Option (a) is incorrect.



Option (b) is correct.
Work done by all forees
=(K2 + Uz) _(K'l + U])

=[20+ (- 10)] - [10+ (- 20)]

=20dJ
. Correct option is (c).
Option (d) is incorrect.

10. N N
}/‘ }/‘Tz
y
L mg mg

Work done by gravity
In motion 2 — —ive

In motion 1 — zero[as B = %]

. Correct option is (a).

Match the Columns

[ag B =T]

1. As body is displaced from x = 4 m to

x=2m
;=—21m
= A
(a)F=41
W=F-s=41i-2i
=—8 unit
(a) > (q)
and |W | = 8 unit
(a) — (s)

F=4i-4j

W=Fs=(4i-49 (-21)=-8unit

(b) - (q, s)
- &
() F=-41

W=F.%=8iunit

and |W]=8 unit,
(c)— (p, 8)
(DF=-4i-4)

W=Fs

=(—41-4% (-2 =8 unit

and |W|=8unit
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Work done by Normal force (N) on block A
W = Nscos6

In motion 2 —— +ve asB< 90°

In motion 1 — + ve asf< 90°

.. Correct option is (b).

Work done hy force of friction (f)

In motion 1 — may be —ive if f is directed
upwards along the plane as shown in
figure 1. (Motion 1 being retarded)

.. Correct option is (c).

In motion 1— may be + ive if f is directed
downwards along the plane if motion 1 is
accelerated.

.. Correct option is (d).

(d)— (p, s).

. W=Fscos0

(a) Work done by N will be +ive as@< 90°
(a)— (p)
(b) Work done by mg will be —ive as@=n

v T

i

mg

(b) — (q)

(c) Work done by force of friction (f)
will be zero as f will be zero.

(c) = (r)

(d) Work done by tension (1) will be + ive
asf< 90°

(d)— (p)
Y
|
+q Fa | Fa=Fe tgq
A i*Q = B
(~a,0) : Fat=0 (10,0

F, = force on +Q by +q placed at A
F, = force on +@Q by + g placed at B
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As F,=F, charge +§ will be in
equilibrium.

(a)

+
L
¥
0
m

Due to increase in distance between + ¢ (at
A) and+ @

F, <F,
Due to decrease in distance between +gq
(at B) and +@

F, K
Using F, = F, we have Fy > F,. As there
will net force on + @ which will being + @ to
origin.
Thus, equilibrium will be a stable one.
(b) Yi

1

Fl'lﬂ'
Fe <=_|.» Fa

—"‘— T

+
O

As F . will be along the increasing
direction of Y, the charge +@ will not
return to origin.

Thus, equilibrium will be an unstable one.
(b)— (q)

(c) As explained in (b) the equilibrium will
be an unstable on.

(c)— (q)

(d) A —x= yline

4, (a) From A to B :

ALY .
5 .y
— B
Mean X
position ¥ mg i

Increase in spring PE = %kxg

Decrease in gravitational. PE of block

= (kx)x = kx®
s (a) - (q)
(b) From A to B

Increase in KE of block
=Decrease in gravitational PE of block

— Increase in spring PE

=k =1
3

= % ki’ < Decrease in gravitational PE of

block.
(b) — (p)
(c) From B toC
Increase in spring PE = %1’3(295)2 = %kx
&
2
Decrease in KE of block = %kxz

2

ka®

(KE of block at C will be zero)
s(e)—= (p).
(d) From Bto C
decrease in gravitational PE = mgx
=(kx)x
= kx?

Increase in spring PE = %kxz

s A(d) - (p)



P " _2—1
m|+m2 2+1
:
T T

Displacement of blocks,
§=ut+ 1 at?
2
i Eat‘z
2
1 10

9
=% X o %(0.3)
=0.156m

(a) Work done by gravity on 2 kg block
=mgscos(
=2x10x0.15x (1)
=34J

~(a)— ()

(b) Work done by gravity on 1 kg block
= mgscos Tt
=1x10x0.15x(-1)
=—1.54J

= (b)—= (p).
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(c) Work done by string on 2 kg block

=Tscosm
40

=5 x0.15 x(-1)
=-204J

< le)— (s).

(d) Work done by string on 1 kg block
=Tscos0

=85 015x1
3

=2J
~(d)— (g).

6. (a) Work done by friction force (f)

(w.r.t. ground)

= - f s
s(a)— ().
(b) Work done by friction force on incline
(w.r.t. ground)

=fx0xcos0
=0
[There being no displacement of incline
w.r.t. ground]
= (b)—= ().
(c) Work done by a man in lifting a bucket
=Tscos0 (T =Tension in rope)
= a + ive quantity
0=0as T and s both would be in upward
direction.
s(e) = (p).
(d) Total work done by friction force in (a)
w.r.t. ground

=—fs+0=—-Fs
S A(d) = (q)



3.

[ Circular Motion

Introductory Exercise 7.1

In uniform circular n_:zlotion the magnitude

of acceleration |=2-| does not change
r

while its direction (being always towards

the centre of the circular path) changes.

If wy and w are in rad s~ the value of a
must be in rad s, But, if ©, and w are in
degree s~ the value of « 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 n 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,)

v  (2ems™)?

(ii) Tangential acceleration (a )
dv _d
=—=—I(21)

dt dt

=2cms 2

(iii) Magnitude of net acceleration
= J@? +(ap P

= \f(cl cms 2)? +(2cms?)?

=2./5 ems ™2
5. IVil=Ivyl=v(say) o
2 ;
v Vi
IPQ
I‘;avlz— P
tpq
_ !“\."E _ F‘\.@
T/4 7ar/2v
2.2
= v
by
Vel 242
T n
6. w,=0+4¢

Centripetal acceleration

= tangential acceleration
2

rm; =ro

= o; =0
(4t =4

t=1g

2



Circular Motion | 141

Introductory Exercise 7.2

1. In uniform circular motion of a body the (a) At rest :
body is never in equilibrium as only one Rédigirsl CPP =i =2
force (centripetal) acts on the body which e . 2
forces the perform circular motion. 5 mv® _w @
[ =— e
2.0, = l(gﬂ _ |9:8x250x(1.5/2) r 2
Ve 15 At dip :
Required CPF =N’ - w
2
M _N-w (i)
r
i Comparing Eqgs. (i) and (ii),
l N-w=Y%
2

3. (a) T'sin6 =mg
T cos 6 = mrm®

g
tan @ =—""4
ro’
[ i
= = g  _ I| g
Vrtanﬂ \({cos 6) tan
| — =
or 2—“: £ = T=2n g
T stmﬁ V g
\."'_ i]
:21[\|—J§
9.8
_1_+98 1
f_l am oo
= V9.8 % 60 rev min !

2n
=299 rev min~
0 T="5 - Zmg
sin®

1

=2 x5x9.8=69.3N

4, IN=E

3w 3
"= _—="x16kN
N 5 2>< 6

=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
ZETO.

2
muv
Thus,

max _ . _ ()
r

=\gr (as w = mg)

=,/10x 250

=50ms™!

(c) At dip :
2
J?\.F”:erﬁ
r

=w+mg
=2w=32kN

5. Case L If the driver turns the vehicle

fe—— f —|
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It
r

[where v; = maximum speed of vehicle]
= v < jugr

Case II. If the driver tries to stop the
vehicle by applying breaks.

Maximum retardation = g
% vg =0% + 2 9)r
= vy =21 gr
B
=21
As v, > vy, driver should apply breaks to
stop the vehicle rather than taking turn.

6. In the answer to question 3(a) if we
replace 6 by @

o=|-2
~\Isin¢

If 6 is the angle made by the string with
the vertical

0+ 0=90°
Le., ¢p=90°-0
sin d=cos6

o= &

'1cosH

= cosﬁ:i.

lo?

Introductory Exercise 7.3

1. |v,l=u and |v,|=v (say)

- = —
Av = Vo + (- v])

—
-V —
V2
=
Al
I
)
I
L S
i
JI g
e
-
N
V1
— —
=Wy

— — — — — =
Av-Au=(uy, —v;) (v, —u,)

e -+ = - -

=Uy Vo + U vy —2Vy — Vv

2

12 =0? + 0

Vo 1% +1v,
=u? - 2gL +1”
|av|? =2@® — gL)

|AV = y2(* - gL)

2. Ball motion from A to B :

0% =ul,, +2(-g)(2R)
= Upn = 48R
Ball motion from C to A :
v =l +2(-g)h
=4gR - 2gh
= v=,2g 2R-h)
3. Decrease in KE of bob

= Increase in PE of bob

kil
]
i KE of bob
I =12 mv@
O <1 PEofbob
Y% = K (say)
|

Q) (@]
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S vi =2gh
-};— 4 i | PEofbob=K+mgh vy = /28l (1 - cos)
e 4 = /2% 9.8 x5 x (1 -cos60°)
=7ms™!
)] ()
1.5
= =Sk
5 Mo mgh
AIEEE Corner
Subjective Questions (Level 1)
do_g, R
dt ie., v=,21.65x25 (-R=25m)
ie., ap =8x3=24ms™> —7.96ms™
v= 4;‘ 3 :'26“15_1 (att=38) (b) @y = asin30° =25 x % =12.5ms™
a, =i={3i=24ms’2
4 54 5. (@v=20t=2.0x1
Angle between a ., and a, =2.0cms™
5 2 2
ve (2.0 2
o= tan~ 12l _ tan-11 45 cSg= g —hems
iy (b)v =2.0¢
2. v=16ms ' and r =50m dv_20
2 2 ——=2.
@, == a6 _ 5 19ms at .
r__ 50_ _ _ _ ie., ap =2.0cms™
[ @ 2 [ N2 2
Qpot = Qo +ap =4(5.12)° +8
A i = (€) Qpet =% + @5
(given a; =8 ms™) ” 3
=9.5ms™ - 4',%31113
3. Speed (v) at the highest point () 6. R=uT= u\f—
i v=ucos@ 8
g a;=g s el
m ! el N
N P 4t
—L:— Centre of curvature e TR ‘ g =T
1 -“n.
v=1ucosb h=28m T ‘l e
Now, a,=g i 7
UZ l ll \\
—_— ! = A
R g -—Range (R) = 10 m—=
- .
ie. Pt G150 oo pl®
s & V2h
4. (a) @, =acos30° =25x g - i z;g

=21.65ms™
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Thus, centripetal acceleration of the stone
(at point P) while in circular motion

_@ _Rg 1

r 2h r
107 x 9.8

T2x29x15

=112.6ms™>

7. v=18km/h = %§m5_1=5ms_1

2
Angle of banking (6) = tan™! L
g

gr 10x10 4

9. v=,rgtan@
=3 \#50 » 10 % tan 30°
=17ms™!

10. mro:, =N ...()

and mg=p N ...(ii) -

Solving Egs. (i) and (ii), uN
8
wr mg

g -

~\0.15%3
11. (a) (T} + T}) cos 6 = mre® (D)

@ min

=4.7rads™

and (17 — T3) sin 0 = mg
ie., T3 cos 8 = mre® — T} cos 0
and T,sin8 =T, sin®— mg

mro’ —Ticosb
= cosf=———"F+—
Tisin@ - mg

or T cos®—mgcosd=mro” — T} cosd

2T -
orm=\[ 1cos 0 —mgcos

mrinr
2x200x(§]- 4x10% (ﬁ]
5 4
4x3
=8.37 rads™!
BOTH L rev
- 2n
—
— Min
60

39.94 rev min %

(b) From Eq. (ii),

B=T-—=2
sin 6
L 4x100
=200 - [E
5
=150N
12, (a) For the block not to slip
| N
— L ——]
]
| N
: wN
; m

mLm%naxﬂiNﬂlmg
_ k&

mmax - L

(b) If the angular speed is gradually
increased, the block will also have

translational  acceleration (=al)
besides centripetal acceleration
(= Lo?).
the t) 1
slippi




The block will be at he point of slipping,
when

ma,.g =l mg

———
ie, J(Low®)* +(@Ly =

g
or Do + oI = pgz
2
or o* +o? Hf
LA

2.2 3

N

or m=[ug }
L

60° _

13. F’' =2F cos
2

PQ QR =RP=aqa =2POcos 30°

A a=rJ3
For the circular motion of P, @ or R
2
B _pega
r
2
mv*  Gmm
or = = -3
r (B
1 1
[Gm]z [GM ]2
or v=|l—= =
/3 a
Now,v=—
/3 3
T=2£=2r: By T =2n l;:}
v [GM ]5 m
a
14. Nsin 6 = mro®
and NcosB=mg
sinf  ro’ sin® (Rsin @) o
cos® g cos O g
Le., cosf = iz
Rw

For 6>0°:cos0<1
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ie., LQ<1 or Lo>‘/g
Rw R
. if ms‘d%:9=0°
e., bead will remain at the lowermost

position.
For o= 2—g:c058: g :l

VR R ( 2g ) 2

R

ie., 8==60"

15. () T=2-2-0°

T T
=
2 m—

3
Fr

=4(4)?
=64 N
T-F=110°
64 - F, = (4)°
= F,=48N
(b) T= 2 2.0, and
T-F. =1:1: O
; 402,y - o =Lt
ie., 30 =L Mg
Omax = %
_0.8x1x10
V3
=1.63rads™
(©)100=2-2 0%,
=5rads™

- I‘llklx

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 (F,) on the
block of mass 1 kg will be given by the
relation

100-F, =115
= F,=T5N

16. D= ng
\ &
B {10 x 200 x 0.75

Y 1.5
=31.6ms™

2r=1.5m)
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17. If the block just leaves the surface of  19. At point P

sphere at point C -— .
2 A |
muv” g () . /
. = mg cos bl T h:=fsin9 !
[z = velocity of block at peint C] J s
= v* = greos® o _T'm;:: oW

=2m

2
T—mgsin9=%

= ? lug +2gh|

g, or 2mg - mgsinf= % [v} +2glsin 6]
%,
" 2 :
Further, v* =v} +2gh or 2g-—gsinB®= {Hzggﬂ
=v2 +2gr (1 - cos6) ..(ii) o 1
Comparing Eqgs. (i) and (ii), Solving, sin 6 = 7
2 — =
!_vg +2gr(l—cosB) = grcos@ ™ 9 sin'l(l)
or (0.5\gr)” +2gr(l—-cosB)=grcoso
%+2(1—cosﬁ}=cos€| 20. 8 =5+5c0s80
ie., 9=cos'l(%] Hl% "
muv* - T
18. T —mgcosO=— T-0 ‘,50}3_59
]
1 ‘l 8
i ! o 5
Sm: o
! o o
v 3
Lo~ Al
) cos= E
}mg cos 8 &
mv
T+mgcosh=——
2 r
muv
2.5mg —mgcosf= . At9=cos_1%
2
U e
By = 25 - 573 ms™ T is just zero.
a, = gsin®= =3 ! mg cos B = my?
,=&sin®=5ms - 8 =
Thus, @, =@, +(a,)? fo o? =5gcos®
= (25 -5V3) + (5 =30
' v=5.42ms™"

= \f625 +75+25-10V3 The height (H) to which the particle will
= 26.60 m/s” rise further.



H = sy
2g 2x10 25
=—4=0A96m
25
muv 8gR
21. (@) N = =m>2" -8
(a) R m R mg
V=0 +2.84R
=8gR
4R

nrnl -

Objective Questions (Level 1)
Single Correct Option

1. (a) As the speed (v) is increasing uniformly
the 2malgnit.ude of centripetal acceleration

=¥ | will also keep on increasing besides
r

its direction as usual.

(b)v =kt (% = constant)
dv
—_—= k
dt

ie., a =k

Although the magnitude of the tangential
aceceleration will remain constant but its
direction will keep on changing as the
direction of velocity would be changing.

(e) v=>kt
Rw =kt
w=FkFt
(k' = — = constant)
R
ao _ .,
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 m> gQ + mgg2
=65 mg
mu™

(b) N'+ mg =
mg+mg=%2g(k'—2ﬁ')

or 2R=2(h'-2R)
ie., h'=3R

2. Ipl=1pol=mv

[ 1 ﬂ,’ N —
’ ' # ‘P
Fi ' ’ \ 1
[} 1 L \
I 1 <0 =45°
P; ' '
]
= I < : '
Ap [, - !
P § y
. 1 ’
)
|}
)

0= 45°,]£’p|=2nu.:sir1225

=0.765 mv
0 =90° |Ap|=2musin 45°
=1414 mv
0=180°,|Ap|=2muvsin 90°
=2muv (max)

0 =270° |Ap|=2mvsin 135°
=1.414 mv
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0 = 360°, | Ap|= 2 mvsin 180°

=0 (min)
Option (c) is correct.

% ————— PE ax = mgh = mgi (1 - cos8)
T KE=0
~KE .« =mgl(1-cos6) [asherePE=0]
Option (c¢) is correct.

4.
B
> V=1u?+2(-g)(2)
0B = OA ‘\\ = 4gi — 4g]
| v =0
i \
_-..I \‘
! \
Light O, !
rigid | I
rod I A
| ’
: ’J
:‘4‘ u=4gi
=4gl-4gl
=0

If the mass m is given velocity u (= /4 gl) 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 « at A for the mass
to reach point B will be \/5gl and the
minimum velocity at B will be @ A

5. As explained in question 4 speed at lowest
point
u=.bgl
At the lowest point
2
T-mg= m;a
_ mbgl
)
= T=6mg

Option (d) is correct.

. Normal acceleration

= Tangential acceleration
2
14 & =
— =5(cms™)
R

a v=10cms™} (R =20cem)
Using, v=0+5¢

10=>5¢
=3 t=2s

Option (b) is correct.

. Mass =21 kg

2n kg

M it 1 h=———"—
ass per unit lengt 97(0.25) m

Am=——rAd=A0 Crr=0.25)
0.25
1 =]
=—k
0.25 e
© =300—~
min
300 2w rad
60s
=10n rads™
From figure
27 cos (ISUT_AG) = (Am) ro®
or 2T sin %9 =(Am) re®
or 2‘1"%='U1\m}rm2
or T A8 = (AB) ro?
or T =ro’
=0.25 x (10m)?

=250N  (on® =10)
Option (d) is correct.

. Maximum speed of car = /ugr

=,/0.3 x 10 x 300

=30 m/s



=30x%kmfh
=108 km/h

Option (c) is correct.
2

= m(l sinB) ©?

9. T'sinB=mro

and TecosB=mg
cosb = iz
lo
wl= & revs ™!
s

=2 s va
T

= 4 rads™
cos@:i:é
1(4¢ 8
ie., 6=cos™? E]
8

Option (d) is correct.

10. From above guestion no. 9.

t=mlo®
Ly L
1000 5

Option (b) is correct.

11. « =%rads'1 and R =25¢cm

; — Ro =2 oms
3
Thus, W, =0+oat
=1><2 [t =2s]
) 2
ay =Rw? =25x (5) cms ™
; 7
Thus, @, =0y +@; = 1."!?55 ems ™
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Frictional force = ma

net

-
= 0.36 x 10~ kg x v‘;ﬁ %102 ms~

=324 N
Option (a) is correct,
12. At the lowermost point
‘ L
I

i u=0
_'_’:__:rf

or =

5]
=mg 1+T

Option (d) is correct.

13. 0, = 2?:”: rad min™!

I’ \\
r; e n
- Eg A
I" o \ \
| |
1 |‘ - ) ,A) B
" 4 1 ]
’
v Mo ;
\\ ri
- I,

and oy =2nrad min~’

Wpy =Wp _éﬁA
= [Zn = ?:r) rad min ™!

= z;_n rad min™

Time required for B to complete one
revolution w.r.t. A

2n 3 .
= = — Inin
4w/3 2
= 1.6 min

Option (¢) is correct.
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14. Let all the particles meet at time ¢

.. Distance travelled by B in ¢ second :

(seconds)
B 25ms1 Distance travelled by C in ¢ second
,"';‘;:"“x =2.5¢:2t
£ ' R =5:4
':’ : \i‘ Option (¢) is correct.
A®E-—=—= s )- *C
1ms™1 ! 2ms™!
N !
v ’
\\ ,/
JEE Corner
Assertion and Reason
: 3 -
1. For stopping car : ‘ . BD| v
Maximum retardation ie., laa = .y
_ Maximum frictional force AB AB
- —
g > . |AB|_R2
M, R Now, [¥avl=——m-—=
m m AB AB
2 2 — : —
i +2as laayl _ U"f?_ = m (angular velocity)
0 =v® + (2(— 1 g)d [ Initial velocity = v] [V oo Ry2
2

U

d=
2ug

For circular turn of car :
Centripetal force

= Maximum frictional force = mg

m Uz

O nmg
2
i.e, saferadius=d'=— =d" =2d
ug

Thus, Assertion and Reason are both
correcc and Reason is the correct
explanation of the Assertion.

Option (a) is correct.
VgV
- .
2 D=8 A
t}lB

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°




If speed is increasing angle 6 between v
and a will be less than 90°.

- =
vV ar

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 o-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.

-+ o8
5. v=2ims!

Al )
Ll
- ' X
"\ et 2] ;"r
- 7/
b - i
:ﬂ_.,,:zz
=i
=" A g
a=—1+2] ms>
s !) i
a.=2jms>

Circular Motion | 151

- - =¥ - -
Speed is decreasing (as a, is —ive) at a
rate of 1 ms™' per second i.e., 1 ms™.

Both Assertion and the Reason are correct
but reason has nothing to do with the
assertion.

Option (b) is correct.

- = -
6. a=a, +a, (Reason)

A
=3 -
ar=g
2
v >
la|=|—+g"
—* :
= la|> 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.

7. At points A and C : The bob is
momentarily at rest.

A Cc

'B —
9

@]

ie., v = 0(Reason)
2
la, 1===0

but net acceleration is not zero (see figure)
i.e., Assertion is false.

.. Option (d) is correct.
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8.

9,

10.

Mechanics-1

v (speed) = 4¢ — 12

For t<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
P ' -— ., — 2]
motion we can't apply v =u + a { directly,
whereas in projectile motion we can say

reason that in circular motion gravity has
no role is wrong.

Option (e) is correct.

N =mgcosb

Therefore, assertion is wrong.

Particle performs circular motion due to
Nsing

[

muv :
——=Nsin#®
-

Objective Questions (Level 2)
Single Correct Option

1.

KE [% mvz) = Change in PE [% k(AI)2]

Ax = Length of spring (Collar at B)
— Length of spring (Collar at A)

= J7+5° +5 m -Tm =6m

Thus, Sxfixe® =2 sxdiix?
2 5

ie., v? = 3600
2
- Normal reaction =
r
=2><.3600= 1440N

Option (a) is correct.

1.

Ncos8 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.

.
Centripetal force {ﬂ] =N +mg
r

i.e., Centripetal force (reason )= wit(mg) of
water

N=0Quv= \.@
If at the top of the circular pathv > ,/gr

for

i.e., if bucket moved fast, the water will
not fall (Assertion).

As assertion and reason both are true and
reagson is the correct explanation of the
assertion of the option would be (a).

. The particle will remain in equilibrium till

 is constant. Any change in the value of ®
will displace the particle up (if ® increase)
and down (if o decreases). Thus, the
equilibrium is unstable.

Option (b) is correct.

Centripetal force = u mg

or mro’ =umg
or @uﬁ =ng
4
or o =28 (as u= 1)
15a 3

Option (d) is correct.
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4. Acceleration at B = Acceleration at A s R = v’ = 2R
v e gcosB, 5cosby,
Pt __2R
2gr(l-rcos0) , 5.c0837°
or - =gsinb
r £ __2R
or 2(1—cosbB)=sinb 5(&]
. _ 2 ]
or [2(1—cos®)F =1—cos? @ B
or (5cos8—3)(cos®—-1) =0 =-2—

As 8=1,1i.e,8=0°1is not possible.
o hike ! BOGR Option (¢) is correct.

cosf = é 2
5 7 mg cos 0 = 2
; -1 3 a
Le., B=cos™ — @
5 4% 19 g —
Option (c) is correct. or gcosB= Z 4
5. At point P (for the circular motion) a 5 a
i g- i w+2-g- =
mgcos— N = N or g =
a a
If at point P skier leaves the hemisphere. or g- Sac®+ 2g 2
N=0 W
2 Jag
mgcos = % = ="
- . m % [ % R ] Option {;:} is correct.
R 4 8 e, = i
m R ) r rz
or mgcosez—2g[R{1—m58)+—] 9
R L 4 = U=—
; 7
= costQ[(l—cosB]+Z:| Murisb i
5 _2m
ie., § =cos"lé "l
2
Option (c) is correct. 9. N cos = mro
6. Velocity at B and Nsin0=mg ——
U=\.|'I2gh N:m\/g + %0

= J2gR (cos 0, —cos6;) — ||g2 . ;2[21]4

= N/QgR (e0s37° —cosb53°) ! %

4
2n
4 3 =10 ,102 +(0.5)2[—]
= [2gR|——= I
& (3 z ) \ 1.5a
2gR =128 N
"\ 5 Option (b) is correct.
For the circular motion at B, when block 10, 0=yt + l051,‘2
just leaves the track %
2 —
%chosﬁg —[mo +§at]t
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v 1 1 [4:;R]
o P | P | L |
R 2| R 4=mR v
{1-1] ArR
R 2R| v
=4n
=2rev.

1
11. H=-gT?
58

= T= I@
Vg

8o [

T ~VeH
-
H

; 21 =
12. o (minute hand) = —— rads
3600

o (second hand) = E—E rads™

For second hand to meet minute hand for
the first time.

2n + Angle moved by minute hand in ¢

second
=Angle moved by second hand in ¢ second
2n 2n
or 2n+4 t=—t
3600 60
S
60 3600
t 59
) AR Do
60 60
3600
=3 t=——=8
59

Option (d) is correct.
13. (PR’ +(@QR) =(PQ’®
v, 2P + (v, 2 =30
v +vg =225 (1)

14,

Further, FR =cos 30°
P
02
30 2
= vy = 7.56v3 ms™!
Substituting value of v, in Eq. (i),
vp =75 ms™"
2
mgcosB—- N = =
r
When breaks off N =0
mu’
mgcosf=——
#
1 N
1
d Acceleration
i O =gsinf
or geosf= 725’? s L)
r
3
V5
8
2
or cos0 =2(1-cosB)
or cos 0 = E
3

Acceleration of particle when it leaves
sphere

= gsinb

_g¥5

-3
Option (b) is correct.



15. For minimum velocity (v) :

tan@=tan 45° =1
p=1
As | =tan®

(given)

0 is the angle of repose.
N cos 6

(N TuNsine

Therefore, the automobile will be at the
point of slipping when its velocity is zero

For maximum velocity (v")
2

Nsin@+p Ncosb = L
r
Also Ncos=mg+u Nsinb
ie., N(cos0—psin®) =mg L)

Dividing Eq. (i) by Eq. (ii),
sin®+peosH v
cosB—psinB _;

Now, as0=45andpu =1

v =

Option (d) is correct.

For the particle to just complete the circle
the value of

u=.b5gR
Particle's velocity (v) when it is at B i.e,

when its velocity is vertical would be given
by the relation

u=\5gR

v =u? +2(- ©)R
=5gR - 2gR
=3gR

At B:

17.

18.

19.

Circular Motion | 155

ap=g
_[2 2
Qnet =@ + a7

B0+ £ - IO
and uN =mg

Option (a) s correct.
8

2
= N
u rw2 H
= L 5=0.2
0.2(5)
Option (e) is correct.
_ |Bre

max ~
h

B \/10 % 200 % 0.75

N =mrw

myg

v

1.5
=531.62 m/s

At point A : Velocity is zero and as such its

vertical component will also be zero.

At point B Velocity

horizontal and as such

component will again be zero.
A T

is completely
its wvertical

1
1
1
1
1
1
1
1
|

In figure, TP = Rcos 6
At point P :
v? =2g (Rcos0)
U= N/2g—R cosV? 9
v, =vsin0=.2gR cos’®sin O

Forv, to be maximum
d

do
d 0= vz,
— J2gR cos'“ Bsin® =0
5 V28

v, =0
Le.,
orcos”?cos 0 + %cos_l’fz B(-sin0)sin® =0
sin” 9 _

or cos B-+/cos O — =0

2+/cosH
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or 2c0s20—sin0=0
or 3cos’0=1
or f=cos™’
Option (b) is correct.
At any time
a, =a,
. dv o*
Le., —_—=—
dt R
Iv‘gdu = J @ +k
R
-2+1
i.e., = * + k
-2+1 R
or L. +k
v R
Att=0,v=v; (given)
= i = 2 +k
vy R
ie., k=- &
Uy
Thus, E-E 1
v R v
O‘r — E — M
v Ru,
R - tUO
or =20
R - IL’O
: do vy
ie., —=
dt R = fUU
or dd = Yo dt
R = tUO
2 T
[Ta=] -0 d
0 0 R—tu,
or 2n = —[log, (R - tug)Jg‘
=log, R - log, (R — Tuy)
or lo, —L_Tua——‘n
Ee R
or 1- zvg =g 2%
r
or T=£(1—e"2")
Up

Option (c) is correct.

1,
J3

21.

22,

23.

At highest point B
B

u
A

2
T+mg=%

(where v =velocity at point B)

P=0
2
if mg=%

ie., P = gl

Thus,

Ifu = velocity at the lowest point A
v =u® +2(-2)(@2D)

or gl=u®—4gh
= u® =5gl
ie., u= .\f@

(IfT=0,T-a =0)
Option (b) is correct.

For any value of u at the lowest point both

T) and a will be towards the centre of the
circle and thus

T a will be positive,
Option (d) is correct.
Change in PE of the system

—=Tm
,T
,

o
P Fl.
! lfr'z " m
I ]
i
]
\




24. Decrease in KE = Increase in PE
= mu’ = (K + m]gf
82" 2

- Initial speed given to ball,

[M+2m]
u= [|——|g
m

25. Maximum and minimum velocities will be
respectively at the lowest and the highest

..,

points.
(Min. velocity)
Vet
P N
’f’ A \
A
[
i \
L |
i ,-‘
l\ ’
v
w * Pl
~ < e L

u
(Max. velocity)
v =1 +2(-g)2L

=u® — 4gl

More than One Correct Options

1. At pointC:
A aT:O

Vmin _ _ e
‘l’ ‘-‘\
P g \ B
[ ac{m{n)’l.\\\f:,:gsln 7]
¥

I
! LR e
] -t
I [ :C
L] | l ar=g
\ I
I '
\ a;(max) Vg
N 4
h ’
~ &

- -
-

Vmax” plar=0

ap is maximum and @, is somewhere
between maximum value (at D) and
minimum value (at A).

. Option (b) is correct.
At point D :
a, is maximum while be a,. is minimum.
. Option (d) is correct.
2. At point B:

mu 72

T+mg=

26.

27.
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=Q2vf® -4gL  (ru=2v)
or v’ = 4ol
i.e., vzigL=2 g_L

3 3
Option (b) is correct.

—
u=2v=4 &L
13
.. KH at the lowermost position = % mu’
_ 8mgL
3

Let w= velocity of the particle when
moving downwards.

o =v? +2gL
4gl
=—=+2gl
3 8
” o0=.|108
3

Option (a) is correct.

v B
o
1" ﬁ"‘
’ T -
! A
[ mg \
f I 1
i i 1
]
1 f\\r |
. i 1
1
1
1

I
or 2mg + mg = ]

or v? =3gl

v’z\fS_gl

Option (d) is correct.

i.e.,

Now, vt =v? +2g(20)
v? =3gl + 4gl
=Tgl
Le., v= \ﬁﬁ

Option (b) is correct.
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3. Nsino=mg

Mechanics-1

N cos oL = mra’
& _| =&

= tano=—5=,|——
re® Vrtan®
L.e 2—T[—I g
T V\rtanc
—
or T=2n|rtanu

\ g

If  is increase r will also increase and as
such T will increase.

Option (c) is correct.

2
T =9n htan® o
4

Thus, if A is increase, T' will increase.
Option (a) is correct.
Match the Columns

1. At point B:
v =u? -2gl
=12gl - 2gi
ie, U= \f'ng
=J10x10x1
=10ms™
(a) = (p).
Acceleration of bf)b !
a, = v 10 _ 1g0me?
l 1
ap=g=10 ms >

2

2
Aot = ‘\fae +ar
= 100® + 10° ms~*

(b) — (8).
Tension in string :
T mv® _1x100
) 1

=100N

4.

5.

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 (¢)]

For this see figure in answer 3.
If w 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 inerease.
.. Option (a) is correct.

As N increases, the value of Nsino
(acting opposite to mg) will increase and
the block will upwards i.e., i will increase.

(¢)— (r).
Tangential acceleration of bob :
ap =g =10ms™>

(d) = (p).
. v=2¢
dv_,
di
e, a =2ms
Att=1s:v=2ms™!
2
a, :U_=2_2=2m5_2
r 2
_ 25
ap =2ms

et = N2 +2 =22 ms?

Angle between Anet and v = 45°

[Asa, =apl



3.

(a)a-v =lal|Vv]|cos 45°

Thus, (a) — (r).
(b)[a x@|=1v|la|sin 90°

[a will be perpendicular to the plane of
circle]

= a‘netﬂ}

= Qpet —
P

2
=2.2. o
= 2.2 unit
Thus, (b) — (p)
(c) v-0 = | vllolsin 90°

v
=v@=U-—
r

_@
2
=2 unit
Thus, (¢)— (q)
(d[vxal=vllalsin 45°
1
=U by, E
= 4 unit
Thus, (d) — (r)

2
N =£[g_ﬂ]
2 ra

On increase v, the value of N; will
decrease.
Thus, (a) — (q).

P
N, :E[g+ﬂ]
2 ra

On increasing v, the value of N, will
increase.
- (b) > (q).

As the centripetal force (F) would be
provided by the frictional force (f)

Circular Motion | 159

F=f
ie., E =1

f
sle)— (x).

If v is inereased F will increase which will
automatically increase the value of f.

s A(d) = (p)

. Speed of particle is constant

Ri=Br

Ir|
- 9 oD
\I'II(—G)2+(5)2 _ (47 +(—a)

JBP +(-47

2
36+ 6 =16% ()
(A r-v=|r||V]cos90° =0

ie., Bi-4) 4i-aj=0

12+ 4a=0
a=-3
~(@) > (s).
(B) Substituting value of a (= -3) in Eq. (i)
\36+b* =5
36+ b* =25
b=,25-36
~(b) = (8).

(C)r=31-4j
r=Ir|=5
s(e) = ().
(D) (Vv xa) =¥ |lalsin 907 k
=Ivllal k

Thus, r(vxa)

=rivllalk

=@3i-43)-Ivllalk=0

[as?ﬂ:ﬂ,j-f;:ﬂ]

sAd) - (s)
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5. (A) As speed is constant

Average speed =1 ms™

-3
V2 B

_____

~(a)— (s)

(B) Modulus of average velocity = ;E

RV2 RV2 . 22

“ABarc- 7R 1T x
speed 2
~(b)—= (q)

(C) Modulus of average acceleration

& |a; | [as speed is constant]

—
vy -vil 1AV ul2

tap tag B

2
=V2[v=1ms? andRz—z—]
T

Se)—= ()
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Centre of Mass, Conservation
8 of Linear Momentum, Impulse
and Collision

Introductory Exercise 8.1

1. If a body is placed in a uniform

gravitational field, the CG of the body
coincides with the CM of the body.

h

o
Zmr,
- b |
Tom %
Z m,
i=1
n
.Z mg, r;
hile Py =2
w. M~ &
%’ mige

If a body is placed in a uniformly
increasing gravitational field (g) 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.

i i

I I

| &%)

decreasing
1 1

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. 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.

r
Distance < Z

. 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 (1/2, 1B/2)

2 kg
(0, 0) (1,0
m, X, + my X,

X0M= 14¥1 94Ag

ml + mﬂ
vy, =M T My Yy
M~

my + my
_ [v2 2
r=Xeu+ You

= Distance of centre of mass from A



162 Mechanics-1
8. y

_ Ay - Ay,
MT T,
A-A

9. A =4d®,x,=a,y,=a
: 3a 3a
Ay =azsx‘2 =?’y2 =

2

Introductory Exercise 8.2

1. Method 1
1kg t=0s 2kg
At x (10 = x)—m=e
t=0s CM (1) !
I
I
1AL t= 0

1x=2 (10 i

=20 )
= x=%5'em !
1

| 1kg 2kg |
-y 7=y —

A
=z CM(f) =1 m=—
t=1s f=1s

1y =2(7-y)
4

= y=?cm

Displacement of CM
= Position of CM (f') — Position of CM (i)
=(y+2)-(x)
(-2
3 3
=0
Method 2
M vy = muy + Mgty
=1(2ms™) +2(-~ 1ms™)
=0

As velocity of CM is zero, there will not be
any change in the position of the CM.

mgsinb0° — T = ma
T — mgsin30° = ma
Adding above equations,
mg (sin 60° —sin 30°) =2ma

= a=g ¥3 -1
4
a,and a, are at right angle
ma+ma, 1
5 ot 1 2
cagy = ————==—(a; + ay)
cM om g 1T %
— a g(-v{g—l)
or Ay | = — = —m8m8m
lacul=75 =37

..(1)
.. (i)
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Centre of Mass, Conservation of Linear Momentum, Impulse and Collision = 163

Introductory Exercise 8.3

20v +60(+3)

M~ To0+60

60 kg +ve

20 kg

—
v —
j% 3m/fs
20 kg
60 kg

[As there is no force along horizontal
direction].

= Velocity of trolley (v) = —9ms ™

Total energy produced by man
= KE of man + KE of trolley
:%XGOXSE +%x20x(—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.]

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 !
- Y
= P o,
! 20 g

20x20i+30x20i+40x20k

U =
AL 20+ 30 + 40
Ay el
(10i +|20k) cms™
30g
] /_,\Rest
aI\ L
W P 20g
Z
b _20%0+ 30(101 +20k) + 40v
e 20+ 30+ 40

3001 + 600 j+ 40k = 4003 + 600 j+ 800k
= 40V =100 i+ 6005 + 200k

ie., v=(25i+155+5k) ecms™

. Velocity of projectile at the highest point

before explosion = 10y/2 ims™

Ri2 -

=10V2 ms™

As no extra external force would be acting
during explosion, the velocity of CM will
not change

To+2%
2 2

m

=10421

= v =2021

Range of rest half part = % x 2

(as the wvelocity of the projectile has
doubled at the highest point)
g
(200
e

(asa = 45°)

40m
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Therefore, the rest half part will land at a

distance of [40 - %J m i.e., 60 m from the

point of projection.

(40)? + (20)?
=+/2000 ms™

Horizontal velocity = Initial horizontal
velocity
=20+/2cos 45° ms™!
=20ms™!
Vertical velocity
=2042s5in45°-g 1 (ast=1s)
=70ms™
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 1[—] I
1 KI 1

= tan_l 1
2 2

sina = —
NG

Maximum height attained by second half
part

= Height of point P + Extra maximum
height attained
by second half part

BTiTiTiL
= 20X1—lgx12]+m
2 o8
i 200, 1
2x10° 5
=15+20
=35m

6. Momentum of platform + boy + stone
along x-axis after throwing stone = before

throwing stone
(60 + 40)v + 1(10i] -0

V2
V2
= v=-———ms
100
60 kg 10ms™
40 kg %é
. i TN X
- O O : 'k
10 ms™

2 x 10sin 45 N

Time of flight of stone 2s
g
. Horizontal displacement of platform
(+ boy)
=g T
52 xfB= e =~ 10 em
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.
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Introductory Exercise 8.4

To just lift rocket off the launching pad
Thrust force = Weight

or v (— d—m) =mg
dt
& (_ d_m] _mg
dt v
_(20+180) x 9.8
1.6x10°
=1.225kgs™!

(i) Rate of consumption of fuel = 2 kgs™

. Time required for the consumption of fuel
- 180 kg _ 904

~ 2kgs™!
Ultimate speed gained by rocket
v=u-gt+vlog, (ﬂ) (1)
m

Substituting u =0, v = 1.6 kms™,
mg =(20 + 180) kg and m = 20 kg in Eq. (i).

v=—9.8><90+1‘6x1031n(%)

=928 kms™!
(iii) Rate of consumption of fuel = 20 kgs ™

_ 180kg

— =9_
20 kgs ™! ®
ie., = 0,8 %9 + Lo 10010 220
20
=3.6kms™
. Mass at timet, m=m, —p ¢
L
dt
ma = thrust force — mg
or ma=u[—d—m]—mg
di
or ma =uv—mg
or(m —N)&_ u—-(my—ptg trv=uw)
0 a7 pu o~k :
3. v:u.—gt+vln(ﬂ]
m
:0—gt+ulnLt
(1)
3
:—g1+ulnE (att=1s)
—ulng—
> g

Introductory Exercise 8.5

ulatz=0s)=(10v33+105) ms™
20 m/s

Att=1s
Horizontal velocity = 10+/3 ims™

Vertical velocity =(10- g - 1) 3 ms !

=0jms™
V= 1043 ims™?
Change in velocity, A v=v-u

=(1043)i-10v3i+10)

1

=10ms™, downwards.

. Impulse ( J ) imparted

= Change in momentum in the time
interval

t=0stot=2s
=m [(Velocity at ¢ =2s)
— (Velocity at ¢ =0s)]
=2kg[(4i+4)ms™ —(4J)ms™]

=81iNs (+1kgms™ =1Ns)

. Spring will become taut when the_ball

would go down by 2 m.

P =u? +2x g x2

or v=2J10 ms™
Ap=m Auv
=1(2/10 - 0) kgms ! J T
=2410 kg ms™ 2m

». Impulse imparted = 2,/10 Ns. o) ‘
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Introductory Exercise 8.6

At maximum extension of the spring both
blocks will move with same velocity v.

+ive
—_—
1.0 ms™! 2.0ms™
Bl e
S-wo{il

(=10 x3 +(+2.0) x6=(3 +6)v
= v=+1m/s

Applying law of
mechanical energy

locileer=tox2+ie
2 2 2 k

conservation of

Substituting £ = 200 Nm™!
x=0.3m =30cm

Kinetie energy of particle = K
= Lot s
2
2K
v=—
m
¥ Rest v

® @ OO

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)

= “":E
2

_1 2K
2V m
Applying law of

mechanical energy
K+0= %(m +m)V? +EPE .,

conservation of

or K =mV? + EPE

max

o K =m‘l(£)+EPEm
4\ m
or EPE, - X

2

3. Let us consider the following case
v vi=0 vo' vy

my — ms 2m.
pf =T M L 2|
my +m, my + m
my — m,
=1 T4, (asv, = 0)
my +my

A K (Transfer of KE of particle of mass
mg}

1 2 1 2
=My U5 ——my v
2 2 %2 9 2¥ 2
2
L L Sall N
2 2 my + my

2
:lmzvgll_[wﬁ_]]
2 my + mgy

From above we conclude that A K will be
maximum when

ml_mzzu
L

m,

i.e.,

4, Continuing from the previous answer
AK [MT
K my + my
(my + my)* —(my —m,)?
- (m; + mz)2
_ Ammy
(my + my)*

5. Substituting m, =m and m, =2m in the
result of the previous question no. 4.

® ©

AK _4@2m)(m)
K @Cm+m)}
8

9
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6. As the collision is elastic
Rest V4 Va

u
— — —
m; — m;
Ulzl—zu
my +my
and Uy =0y + U
= M~
m; + mgy
2my

u+u

- (my + mgy)

Before first collision of B with C

A B C
Rest
After collision of B with C
m—4m
Vg =———U
I m+4m
3
=-—v
5
3 2
and Vg =——U+U==U
1 5] 5

Before second collision of B with A

A B C
® 0 @
3y - 5
5

Rest
) _m—4m(_SUJ
B2 m+4m 5]

9
=—7
25
9 3 6

After second collision : of B with A

A B Cc
@ @& @-i

As velocity of C is greater than that of B,

no further collision will take place.

« Ug =

- Total number collisions between the
balls = 2.

' _mz_mLUQ_'_ 2m, v

my + My nmy + My

Va2 Wy Va V‘|r
—_— D — —_— —_—
@ Before @ @ After @

Elastic collision
m; — my 2m,

p'l = i+
my + My nmy =+ My

Ug

We see that v’y # v, and v’ #uv,.
However, if m; = my

vy =vyanduv’y =uvy
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

Applying law of conservation of

momentum
. 2v
=y Rest - 3
A B A B
. 2v
mv=mv +m —
a3
y U
ie., vi=—
3
_ velocity of separation
~ velocity of approach
2v , 2v v
-3 _ 3 3_=
v-0 v 3
5 (1 + eJ ) (1 - e)
vy = vandvy = v
2 2
= Rest Ve M
M @ @O @
A B A B
Before collision After collision
KE after collision=0.2J (given)
& mu + lmu’f =02
2 2
or v +v%=4 (:m=0.1kg)
2 2
1- : 1 .
or (_e] v +(i] =4
2 2
v? :
or I(2 +2)=4

Extreme cases
If collision is perfectly in elastici.e.,e=0

U
—(2)=4
n (2)
ie., v=2J2 m/s
If collision is perfectly elasticie.,e=1
2
U
—2+2=4
4 2+2)
ie., v=2m/s

S Umin =2m;’r5
Umex =2V2m /8

3. A(m) hitting B(2m)

and Uy = v=-

.. Next collision between the balls will
take place after time
2nr

v

. As collision is elastic

—p.- Rest —1?.. —v'..-
@ @ @ O
A B A B

After collision

, l-eyp
4 =(5)

Now, Momentum of A before impact

Before collision

— Impulse given by Bon A
= Momentum of A after impact.
Sop—d =mu'y
s P [ﬁ]ﬁ

2 m
or ezg—l

P
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Introductory Exercise 8.8

1. yysina =veos (o + )

vy cos o =sin (o + B) (Impact being elastic)
tan o = cot(a + )

or cut%—a =cot(a + )
T
or Zeg=0+
5 B
T
or =—-=20
p 2

2. Speed after n impacts
Speed before first impact = u (= ,/2gh)
Speed before one impact = eu

Speed after 2 impacts = e(eu) = e’u

Speed after n impacts = e"u

Height (H) upto which the ball rebounds
after nth rebound
n_ 12
= (e"u)
2g
e‘zn u2
2g
=e®". R

3. mv+0=0+MV

—V-» Rest Rest —V-—
A B A B
Before collision After collision

m
= V=—v
M

P Velocity of separation
Velocity of approach

_ V-0
v—0
X
v
=
M
A
Rest
— LPRX =307
ZQRX = 30°
= e R - b's
Rest

e
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

B

_______________ X Angle Og4

Applying law of conservation of
momentum

mu = Resultant momentum of A and B
balls along the axis of X.

or mu = 2muv cos 30°
or u= 2U£

2
or U= U'\lfg

As the ball C will strike ball A (and as well
as ball B) with velocity ucos 30°
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Velocity of approach of ball C towards ball A
=ucos30°-0
=ucos 30°
=u\3

Velocity of separation of ball A away from

ballC=v

="
3
5. x-component of velocity

45°

45°

455 = 2t + 3}

e
x

2%
before impact = 21
afterimpactz—e?.i
|
2
A
=-1

y-component of velocity

before impact = 23

.. after impact =2 3
.. Velocity after impact = — i+ 23
6. At A, W, =ucos®

Ha

u, =usin®
usin® "
eusing
: T A
2] |
A ucos® Ty g  usin® TzT
- R4 - Rs -
~AtB
uy =ucos@
1, =eusind
2usin 6
A £ ol
T, Z2eusin®
g
[Using T =ﬂ}
g
2(usinB)(ucos §)
2
& = e 2 Using R= ﬁ
R, 2(eusin®)ucosh : g
g
_1
e
(usin 6)?
= s 2
M, BE Using H="4
H, (eusin0) 2g
2g
s
P

AIEEE Corner

Subjective Questions (Level 1)

1.
¥
Dldkg 1m C
3kg
a P
(CM)
im Tm
BZKgx
Allkg m

1-0+2-1+3-1+4-0
1+2+3+4

Xem =

5
= —m
10
1.0+2.043.1+4.1
YeM="T 1.9 .3+4

i
=—m
10
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AP -2 s st~ (B 4 (2
=Xom t YoM = T

4, Xoy =

10 10
=0.74 m*
o A+ Axx,
= =CM — A
1+ A
~ s
‘ N Ai=@
\\ ’/
Nl
a 0;"‘: -----
¢ N
I’ \\
" EN
l I, \'\
a
2
2 Tk
a0+ —(a)
- 4
2
g+75f1
4
n
= a
4+x

Y,
i
_(a,!z)l
44:
1
b 0 ——g
a
A 0+(—£)E
pa 4] 4
CM —
A+(—A]
4
__A 4 .a
4 3A 4
sane HE
12
A ()+(—é)E
B = 4
o™ =
A+(—A-]
4
msat
12

Centre of mass |- <, - b
12 12

V-0+(—£m3Jb
3

By symmetry yp =0
5. InFig. 1, Cis CM.
Fig. 1 t

——— & —-

171

n : I
Fig. 2 iy e} : Mo 2—""11
1
_-_.;1_-_5 - b —--i :
. * ®
m4 o Ma
mya = my(l —a) ..(1)

In Fig. 2,C" is CM.
mila+b-l)=my(l—a+1l—
Substituting Eq. (i) in Eq. (ii),
my(b = 1) =my(l, — b)

b)...(i1)

or mb—myl, = myl, — myb
or (mqy + my) b=ml; + myly
or b= mlll + rn2l2
my; + msy
. xdm
= Xom = ‘j—
dm
dx
s M s
0 X I
where, dm = mass of element of length dx.
[xpdx A
- _[ pdx A

! i
jﬂ J’J(pa I—z]dx
:f.—xz— (.p
J',] Po 7 | %

j; xdx

[

=Po

2
X
3_2)
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7.

m

Mechanics-1

1x10+2x12
1+2
um

Yem =

um

8. v

1kg

6ms™ 1kg 2kg dms™!  *+ive

34
=—m
3

1x(-6)+2x(+4) _ 2

+=ms!
1+2 3

Vem =

X’y (new position of CM)
34 (2 _1)
=—m +2s|-ms
3 3 _

_ 38

s

m=12.67m

_ 1x2(+2)+2x(-1)
1+2

CM

2 kg

9.

1ms™! +ive

2

2ms™
=0ms™
~ Displacement of CM in 15 =0 m.
Acceleration (a )=- 103 ms 2
- = =
v=u+taft
_ (DO +(10i+10))

3
10,

= (20 i J] m/s
3 3
New position vector (Fl) of particle A

(E)=§5+a’:+§;’t2

10j

:(10§+203}+f)’+%(—103}‘12
=10i+15jm

New position vector (1_';} of particle B

r, =(20%+403}+(10i+103)-1+%(—103):12

=301 +45)

New position of CM
ry (1) + 1, (2)
1+2
101 +155+601+90]
3
701+ 1055
:Tm

ﬁ,:

10.
& et
m kg ﬁj. ms
0«3 m—>CMm
- 12m

m-0+0-1x12
m+0.1
m=0.3kg
(b) Momentum of system = Momentum of CM

0.10 kg

(a) 3=
=

=(m+0.1D kg x6jms™*

=2.4jkgms™

G = v,, (0.3) + 0(0.10)
o 0.3+0.1

— 4 -
Vi = ZV(}M

=Exﬁfms‘1
3

i )
=8)Jms T
m

11. A et=0s

Zm
B ({1 =100ms)
Position of 1st particle (A) at £ = 300 ms
e % x 10 % (300 x 10732

=0.45m
Position of 2nd particle (B) at t = 300 ms
(B is at the position of A at ¢ = 100 ms)

. =% x 100 % (200 x 107%)?

=0.20m

.. Pogition of CM = 2m x 0.2+ m x0.45

2m+m
=283 cm
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Velocity of 1st particle (A) at £ =300 ms
v, =10x% 300 x 1073
=3ms™!
Velocity of 2nd particle at ¢ = 300 ms

vy =10 x 200 x 107 ms™

=2ms™!
5 _2mx2+mx3
M om e m
=7 933 ms™
3
12_24:mJ,,L'0+m}3-80'
m, +mg
or 24(m, +0.6)=80x0.6
or m, =1.4kg
. Total mass of system = 1.4 kg + 0.6 kg
=2.0kg
vay =6.0¢ ]

oy =128 3 ms >

Net force acting on system (at t =3 s)
= Total mass of system x (appy at £ =3 s)

=2.0kg x36jms?
=72Nj
13.

jxdm

14. Let x = displacement of wedge (30 kg)
towards right.

. Displacement of block A towards right
(along x-axis) when it arrives at the
bottom of the wedge

A
5kg
30° B (50kg)
Q R —-— X ——
=@R-x
=05-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
A
5(0.5 - x) =30x
, 0.5
ie., x=—m
7
=71.4 mm

15. As no external force acts on the system,
the velocity of CM will be zero.

8]
[Z]—»W

MAVg + Mplp _

ie., 0
my +mpg

. v m 2

Le.. _é.z—_-—._B:—_
g m 4 1

(a) .. Ratio of speeds =2

(b)&=mavn=ﬁ[_&]=_1
Pg Mpglg Mg

©Fa_Fal2my Py, mp 2
Ky p§/2mﬂ. pf; my, 1
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. While man travels from P to @

2 o

P m O o

m E—t.r + mv
2 1

U o e—————————————— . —
™ m+m 4

Displacement of CM (along horizontal) =

Mlt"'

. Time taken by man to reach point @
starting from point P

L/2 2L

t

PR T3u/4 3u
While man travels from @ to P

m (— . u] + muv
Ve = 2
e m+m
_3v
4

Digplacement of CM = — 1

- Time taken by man to reach point P
starting from point @
-L/2 2L

~"3y/4 3v
= Total time =2, +1,p

ZL ZL
e 31.r
_4L
T 3u
~. Net displacement of trolley = % XU
AL
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.

mu+(M+m)V =0

m
—
(M +m)

Negative sign shows that the balloon will
move downwards.

or V==

'+ ive

V‘f 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 = I_’—Is Vo @—= \/g
muv; = My, + mu, (1)
m=4x10" kg
M = 1kg
vy =100 m/s
=500m/s
Find Ug
(a)0=v; —2as=vj — 2(ug}s
. %
Here §=0.30m
(b) Decrease in kinetic energy of bullet
Lo
S m(l.r1 )

(¢) KE of block = % mu

—
19. m 1 w=05 vz
my =

> V3

(m + myv, = my,
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mu :

e e )
m + my

mu,

—L G0
m+my+ my

Common veloeity vy =

For m, :12 =12 — 2a,5, and Find s,
For m, :12 = 2a,8, and Find s,
Here : a, = wme ug

my
Hm, 8

my

and a, =

Let v = Velocity of pendulum bob when the
pendulum is vertical

V = Velocity of wagon when pendulum is
vertical

muv =MV
or U=‘B—IV
m

KE of wagon + KE of bob = PE of bob
EJIJV?‘ +1mu2 =mgh
2 2

2
or 1M”E-’“l+lm[gV] = mgh
2 2 m
or 1MfVE[l+E]=mgh
2 m
or %MVQ(M+ m) = ngh

21.

175

2
. ye_2mgh
MM +m)
2 ¥
or V2=2m gl(l-coso)
M(M +m)
2:rrf;2gﬂ.’ﬂZsf,ing{i
or Vie 2
MM +m)
—
or V=2msing_ g%l
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-n-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 mlR-r)-x]-Mx=0
or (M+m)x=m(R-r)
m(R—-r)
= r=—
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—r)= %mv2 + %M‘V2 i)

where, v = velocity of eylinder
and V =velocity of track.

(when cylinder just reaches bottom of the
track)
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22.
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Applying law of conservation of
momentum
mu + MV =0
or v=— E Vv
m
Thus, Eq. (i) becomes
, 2
mg (R - 1) = lm[—EV) + L mv?
2 m 2
or  mg(R-r=1Mv? [£+ 1]
2 m
2
- V2=2m g(R-r)
MM +m)
20(R—r)
or V=am|—————
\M M +m)
No change in momentum of ball and also

that of wall along horizontal direction.
V2 mis

/J
2mis
V2 mis

50g \."Em.fs:

* 7y Fe
~ 45°45° -
pap

Wall

I
2mfs 7
l+ ive |5 |

V2 mls

Along perpendicular direction :

Momentum of ball after reflection

{Bf) =-50x103y2 kgms™
Momentum of ball before reflection
(p,)=+50x107"y2 kgms™

AB = Bf = _ﬁi
=—100x% 10?2 kgms ™!
=-0.14 kgms™'
|Ap|=0.14 kgms™!

ie.,

Momentum of wall (when ball strikes
wall)

P, =50x107 x 2 kgms™
IB,-I =50x10 x 2 kgms™!

Momentum of wall (when ball rebounds
from the wall)

23.

24,

P, =-50x10" x V2 kgms™

Ip;1=50x107 x V2 kgms™

Change in the magnitude of the
momentum of the wall = IBf |- 1p, |
=0
mgy = 40 kg

m =(40+ 160) kg
=200 kg
v, =2km/s = 2x 10 kg™’
Rate of consumption of fuel = 4 kgs™

.. Time (¢) required to completely brunt out

of the fuel = 100K
e

S

=40s.

Ultimate vertical speed gained by the
rocket

=—gt+vi-ln£
Mg

=—1U><4U+2><103x1n%

=—400+ 3218 =2818 m/s
=2.82kms™
When v length of rope has fallen on table

top
Tt
|
: AY v =2gy
fr”._. t::?
Y Vesis
dm
F v ——
th rel di
_p4m dy
dy dt
2 am_ o M
dy L
M
W="
2 8
F..=W+F,
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M M
. Fﬁtzfyg+uzf

n

= +2 M
=7 ety

M
s
L e

= Weight due to 3y length of the rope.
25. Horizontal velocity of incoming sand
Y

V-0
Horizontal velocity of the conveyer belt

=(v) (say)=v i

— — —
Uy =V — Vo
=0-@d
s
=-vi
- dm
F. =wv —
th = Vel Ty
[ dm)«.\
=—|v-— |1
dt

As Cif_? >0, the falling sand particles exert

thrust force which decelerates the

conveyer belt.

Force required to keep the belt moving

i |

F=—ﬁtb

dm »
=y—1

dt
=(@2ms ' x5kgs ™)1
=10Ni

Power delivered by motor to drive belt at
2 m/s

=|F||v|=10Nx2ms !
—20W

26.

177

ma=F, —-mg

or ma = Fy
(neglecting mg as compare to F}; )
&
or ma=u|———
dt
or d—m=—gdt
m u
or d_m:J_Edt
m 7
a
or log. m=—-—t+ K
173
Now, ast=0,m = my, (given)
log, my =K
Thus, lt,»g,_,!frfz.:—g:wlugE my
i)
or Ioge_i:—gt
mO u
=%
or m=mye
27. u=100ms,v=0ms™, s=6cm
2 2 ‘
ve =u” + 2as
w2
= a=—-—
2s
(a) Now,v=u+ at
u u 2s
a uwoou
28
-2
:2>c6><10 =y
100

28.

(b) Impulse on log =— Change in
momentum of bullet
=—m(0—u)
= mu
=5x 107 x 100
=0.5Ns

(c) Average force experienced by the log
__Impulse 0.5

S 1.2x107°

time
=416.67TN
Let us consider right direction as positive.
Impulse of the spring on the block
= Change in momentum of block
=miv—u)
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=3[(+ 40) - (-50] 32. my=1kgandm, =1kg (given)
=+270Ns v2= +4ms™ vy =-6ms™! Vo' vy'
=2T70Ns (to the right) o e g
1 kg 2kg T
Average force on block = % @ @ @ @ tive
270 Bafore colhsnon After collision
©0.02 . ;
’ - I
-~ 13500N ' = {17"12]::1 + (7”“2] vy
my + my m; + niy
=13.5kN (to the right)
& i 2-1) o+ 2L
29, P=mv=22ti-4}) 2+1 9+1
dp _ 41 =-2+ §
dt 3
=+Zms!

o 4 -3
or dl=4idt (where, I =Impulse) "
= ms " (in + ive x direction)

2
or J' di- ju 41di N
¢ My — My ml
- v =| — v, +| ——|v
or 1=4i(2-0 @ [m1+m2J2 (ml+m2] :
=83kg-ms_l o 1-2 () | 222 2x2 ( 6)
2+1 2+1
30. mAv=F At 3
or m Av = Area under F-f graph — g 8
o mav=28"8 90000 __28 128
3 3
or m Av = 240000 (in — ive x direction).
Av = 240000 =200 m/s
1200 , l+e , 1-e
33 v,'= v, andy,” = Uy
v—u=200
v=200msasu=0 15 i i 8 W REw
S 8 -6 0 -8
vy =0 =+3ms™" Rest
Vs Vi vy'=— 2ms™ vy'=+3ms™’ — E i Lte
5 ® 0 o
+ive l1+e
A B A B or 2=——0 Civ =20 )
1-e
{(When two bodies of equal masses collide or 2-2e=1+e
elastically they interchange their 4 S= 1

velocities) 3
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_ 1
34. mv =mu; + mvy & L
v vy vz 2
—_— e —_— 1
@m @ ® O or e
Rest
Before collision After collision -2 2m,
3. v = —— |1,
ml + mnz
= U= U] + Uz
1 vp=2ms vy =0ms!

. 1 .
mvi + = mus

Also, 21722 = % o O O O

2

E mu ma=3 kg =2kg
or (v1+u)-§vz (1) _2x3 o
4 3 2+3
or (v + ) — 20wy = —v?
P T = 15—2 =24ms™
or v —2up, = EUQ
4 ’ My — Yy
1 g and vy = [ ]uz
or 2o, = i my + my
_ Velocity of separation - 8-2 x2
Velocity of approach 2+3
g — 2 -1
or e= Bt = 5 =0.4ms
v=-0
U= Distance between blocks when they stop
= U sliding
2 2 2
E_,2:["'2‘“1) e @1 g
v 2H r8 21,8
2 9
’ -2
or gt ity - f1t w3 -v%)
v 2|.1 r &
o (v +0)* —4up, i
ox S B =————[(2.4° - (0.4]
v’ 2x0.3% 10
5 ¥ 2.8
v - =0 D03
s e D) - =0.933m
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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.

b
2. Foi =M Xagy

3.

ext

If.t"(_.r,‘:,’.t =0, Aoy =0

i.e iu =0
il dt CM

or vy = 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.

[M—=—wwwwwww<—[M;]
F F
Option (¢) is correct.

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.

. P =M Vv, Option (a) is correct.

- o Y o
P=P +PatPgt.cs
Option (b) is correct.

Further, we define momentum for every
tvpe of motion.

.. Option (d) is correct.

. Let us consider a gystem of two masses as

shown in figure.
- = =

Vi Vom V2
[ [ ] [ ]
my CM my
Momentum of system about CM
-3 = - =
=my(v; — Vem) + my (Vg — V)
— —» -3
=my V| +my vy —(m; +mgy) Voy
— —
=(my +my) Voy —(my + my) Vo

-5

Option (¢) is correct.

. Option (a) If collisfé)n is inelastic.

Option (b) If collision is perfectly inelastic

Option (¢) If the dimensions of the
particles — 0

.. Option (d) would be the answer.
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10. FAt=mAv 14. Horizontal velocity of the leaving coal :
- Fe m Av
At
_ 5x(65-15)
2 x
=125N
1. m, xd, =m, x(d-d;) vi=+vl
i 4 i o, Horizontal velocity of the system
o] A
S R
m, —
= :—m m d i Umlz‘_;]_‘_r;zﬁl
o 5 — —_ -
8+6
4 As, the leaving coal does not exert any
== d thrust force on the wagon, the speed of the
4 wagon won’t change.
. -10
7 x(1.2x 107" m) Option (a) is correct,
. [0 15, If n be the number of bullet shots per
' second
12 M x0=mv+(M -m)V )
- ¢ v n x[change in momentum per second] < F
ie., n[ﬂ x(1200—0)]£ 144
100
144
or ns— or n<3
9 kg 3 kg 6 kg 48
= L}U .. Option (a) is correct.
a7 16. Change in momentum along x-axis
=_ 3 x 16 vsin v
- 6l veos s
= 81m$_1 f:: vcos 9 N X
v _ —_R)2 l
..KEDkagmass_Exﬁx( 8) y e B
=192J =m (vcosB—-vcosh) =0
13. v’ = 2¢u2 .. Net change in momentum
e = Change in momentum along y-axis
Vs vi=0 vy

—_—

®» ®

= m[(+vsin6) — (—vsin 0)]

—_—
@ =2muvsinb

MO

Before collision fter collision = mvv@ (as 6- 450)
=2v, (as my<<my) Option (a) is correct.
Option (b) is correct. 17. Velocity of ball before first impact i.e.,

when it reaches point @ of the horizontal
plane
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|
=

n
o

——————————a
]
-

5

o(’
+
o ——

12nd
- &g
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)+(- gt

= t=2e
=§s {as,e=§L}
Option (c) is correct.
dem Ixmdx
18- oy = Jdm - Imdx
— X
o - — X
- L -

(where m =mass per unit length)
| Ax®

x——dx

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
x-axis.

50 kg
450 kg i / .

CM (boat)
50 kg 10m

O

P S

450 k

L Y
CM (boat)

_50x10+450x5 50x(x)+ 450 x (x +5)
50+ 450 50 + 450
{Initially) (Finally)

--x;*

= x=1m
Option (b) is correct.

20, As discussed in the answer to previous
question no. 19.

OM
T w3
[e) A + —
i L = Smooth
1
i M
] i J'L-‘.f3 | X
Smooth
Mx + g[x+£] ML+£(£]
3 2)_ 312
M + E M + E
3 3
(Initially) (Finally)
M
= x|M+—|=ML
3
x=EL
4
i.e., the distance that plank moves = %L
. The distance that the man moves
s B
4
_L
4
Option (b) is correct.
21.
W Rest Rest 4
Before collision After collision

mv+3m-0=m-0+3 mu
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u==
3
_ Velocity of separation
- Velocity of approach
u—-0 u
Tv-0 v
1
"3

Option (d) is correct.
22. Change in momentum of A or B= mu
Rest Rest

_U.__ _U._
Before collision After collision

(As collision is elastic)

Impulse = Change in momentum

&=mu

2
3 F=2mu
ty

Option (b) is correct.
23. Acceleration of block A

mo g m F
[A = MWWWWWW=<—{ B }—
P
ao =
m
=5 F’ = may,
Acceleration of block B :
s F=F
B m
F-ma, F
= — e — — aﬂ
m m

24,

Vg cos 37° = v.;.ﬂ
v 5

Option (c) is correct.

25.

26,

27.

Impulse on ball

= Change in momentum of ball

= (-imvo)- (‘f’ Eml’o]
20 5

= 5mu

__Z 0

If a ball dropped from height i rebounds
to a height h’, then speed of ball just
before 1st impact, u = /2gh

Just after 1st impactu’ = ,/2gh’
u’ {F |ﬁ
e=—= [—=_[—
u VA V100
=0.8
ie., h'=eh
Height attained after nth impact
- EZﬂ.h
=(0.8"-1
=(0.8)*"
Option (d) is correct.

Momentum of car (+ Dblock)
throwing block

(ash=1m)

before

=Momentum of car after throwing block
+ Momentum of block

500 % 11 = (500 - 25) v + 25(20 k)

or 475v =500(i — k)
or ?zﬁ (i—f:}
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
u=£i+C

m 2

B #

or (e
m 2
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28.

29.

Thus, graph between v and ¢ would be

Vo
Graph would be
T parabolic in
nature
v

-

While force is decreasing with time,
F = - kt(where kis + ive constant)

= U=—£ﬁ+C’
m 2
Att=0v=v
‘. k&
C'=v,+——
m 2

k ) P
Thus, =vg +—(&& — )
us v=Ug 2 0

Thus, graph between v and ¢ would be

I .
i i Parabola
I
Vg4
)
LA
ﬂ, ! E—
to t
.. Option (a) is correct.
T Ay + Ayxy
T A+ Ay
o= [RBR’ —n R Jx, +[- nR*]2R
n(38R)* - n R?
or 8n R x, =2nR’R or 8x, =2R
R
or X =—
4

Option (c) is correct.
_ Ay + Agxy + Agy

Ve = Ay A+ Ay
0=[n(4R)? —nR? - nR’]x,
+[-tR?13R +[- t R*]-0
or 14x, =3R
or x1=iR
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.

Rest

Before collision ~ Just after

callision

Final position

mv=(M + m)v’
From final position, v’ = ./2gh

(i)

From Eq. (i),
o S
r =./2gh
= M+ m 2 \/ &
or

v=[1+%)@

Option (¢) is correct.

32. 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.

33. mg—-T=ma
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T —myg =mya
(my—mylg=(m; +my)a
Mg
m, + my
ma + my (—a)
QemM=— _— .

or a=

my + my
My =My

mtmy
My — N
m, + my
Option (b) is correct.

34, vzu—gt+vi-ln@
m

@

or v=u+uyln i
m
(neglecting gravity as given)
or v=u,In Mo (Taking u=10)
m
or v=vin0 (asv; =v)
m
log, 0. =1
I
= —0 ¢l =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

|
|
1
-

NS

=

Y

Force exerted on plate

= — [Rate of change of momentum of
water]

=0.5N
Option (c) is correct.

185

36. Velocity of separation would be zero as the
collision is completely inelastic.

Velocity of approach = Velocity of A w.r.t.
B or velocity of Bw.r.t. A

[ ' 9) ( . B)
=|+vsin—|—|—vsin—
2 2
=2I.rsing
2

Common velocity (V) after collision

mucosg+ mucos§=2mV
2 2
V=uv ::03E
2

Option (d) is correct.
37. vsin53° =usin 37°

u sin 37
I v cos 53
ucos 37% WY : v
x 1
\\ ! v sin 53°
53° 2, _<B7°
Floor
UX—=UuX—
5
; 3
ie., v=—Uu

Impulse exerted on floor
=—[Change in momentum of ball]
== [(—mveos53°) - (+ mucos 37°)]
=mlvecosb3° +ucos37° ]
[3 3 4]
=m|—ux=+ux—
4 5 i
5
=—mu
4

=gx1x5=6.25Ns



186

Mechanics-1

38. As the CM will not change along x-axis,
for no net force acting on system (wedge +
block) along x-axis.

x = Displacement of boat
x-40+(1+x)15=2x40+1x15

ie., x=146m

(The frictional forces on the boat by the

boy and that by the boy on the boat are
internal forces).

L mV,+mV,+mV
i
#“n, v=—-= 2 3

! X m+m+m
I 1.5 — —
: =—[v; +vy + vzl
M i ?
x | =§[v0 1+(-3v, J) + (Bvg k)
1
] A
y ! ; X =201i-35+5k]
Mg : | 3
: ¢ ' Option (d) is correct.
mx +M (x + x") = Ma + Mx’ 42. The shell explodes at A, the highest point.
mx + Mx =ma or x= TN a As piece of mass = falls very close to
m
_ m hcot® mortar, its velocity after explosion must
M+m be —u.
Option (b) is correct. Shell A o—
2(4M) +3(= M) +3(+ M) e
39. xoy = =2cm - | N
AM +(- M) +(+ M) & I s,
y y o |
F Ri2 | Ri2 1
After explosion ;
4;3 (Velocity of 4M/5 man part
E D E Aaltiof A6 p:: . of shell after explosion)
o
w ’_,e-— -E!]}T:'?f'-.:}_;%f After explosion path of
i :% sl TS\ gAMIS part
§ C 5 ot I " g
o N "’ | \\ “\
‘ |l— RI2 —=y >
Q 2cm 2cm X e 2cm 2cm X ! D !
I 3R/4 |
24M)+1(=M) +3(+ M)
= =2.5 cms

YeM = T UM M)+ (+ M)

Option (c) is correct.

40. As explained in the answer to question no.

20 and 19.
40 kg
= 15 kg =
o : om S
1
1
| =R 15kg fr
b= X 2m -

Thus, Mu = %(— w + %(U]

Uv=—u

2
As the velocity has increased % times the

Le.,

range of this part will be

3 .R. 3R
—of —ie.,—
2 2 4
_R_3R_5R
2 4 4

Option (c) is correct.
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m2—m1

2
43. v, =—= . 1 2 |1 _1
2 my +m, 2mU§ [2m[ 3U2):|
Vo vi=0 Va = 1 9
— i 2 mv_z
am s (™ @ i s
ma=m my=2m =t 4
_2 18
m—2m 1
— [)2 oES
m +2m 2
i -2
3% 9
Fraction of KE lost by colliding particle A
_ KE lost
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.

Az

I, R
o - T

2L 4L
Agxy + Ay
A+ A
(6L x2L)3L +(4L x2L) L
"~ (L x2L) +(4L x 2L)
~ 361° + 817
1212 + 812
_ 440
2017
=221
Similarly yoy =2.2L

XeMm =

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
i

X

L

These examples show that assertion is
false.

It ig 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.

R __F-F

2. a=—,a,
m

2m
B =,
@—»Mw.w-—@—f
Fy F
& _ may +2may
M= 4+ 2m
_FK+WF-F)
N Im
_F
" 3m
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As F is constant, the value of aqy, 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.
2

KE=F_
2m

i.e., KE =< % (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 (¢) is correct.

. In any collision, there is not change in the

momentum of the system as given in
reason, which is true.

Ap, + Ap, = 0
F L —* i
ie., Ap; = - Apy (1)

.. 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 5

when the KE of the block of mass m is K.
.. Assertion is true.

Further, as Reason is the
explanation of the Assertion.
would be (a).

correct
Option

10. 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=2P_J as given is Reason which is
it

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 — ms 2m.
v, s 1 2 v, 3 2
mq -+ my my + My
Vg Vy Vo' vy’
— — —_— —_—
@,  @s @a (@s
Before collision After collision
G -m 2m
and Ug = e 1 Us + 1 2]
.??Il + mz ml + n'12
v —u
my —my —2my 2my —my +m,
= Us + U].
my +ny m; +my
== U2 + Ul
== -1

Le., Ur21 = —Usgy

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.

14,

15.

189

X1 X3

o] o o]
mq CM ma
My = MyXy
Yo _ My
X My

x2 = xl as m2 > ml
Reason is true.
Option (d) is correct.

F- % (Newton's second law of motion)

5 P

a=— (outcome of the above)
m

.. Reason is true.

First equation tells that if same force Fis

applied on different masses the rate of
—

change of momentum i.e., % 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.

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. mp, + m x0=m./bgl +.1':vf?,11;—l

-

Taspd
[}
i
/f
5 m ml .’
v Rest |, = \5gl V43
2 P—
my - % =m,bgl
3 m Es7
vy =——./bgl
! 2 my ¥
Option (b) is correct.
2. mu=2mv
f—— | —]
1 T A —
% Do
\ =
\ 1) ™
3 - - N~

S 0 o
m m
u
= v=—
2
0 =12 +2(- g9 H
= H=——
2z
_ /2y
2g
_u
8g
or H:@
8g
[
1(1- =—
or (1-cosa) 4
or l—tmsq:r.:l
4

or o =cos™!

SN IVY]

Option (c¢) is correct.

. Herelv, |=|v,|l=vsay

Net momentum of the two elements ag
shown in figure = dp = |dp |
=2vdmsin®
=g [ﬂ]{R d6)sin 6
ke R
2M v

sin 0 do

s
2
= o %sm 0do
0 T
2M
=— 'U[n:osE)]E’rg
o

My, My
T T

Option (b) is correct.

1 g 1, a2
4, —Cmv° == kx
2 20

-~ v kg

kxo

k

=

or v=_|—x,
\(2m

or 2mo = \[2mk x,

or Fyy x At = 2mk x

or F, =

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
=1,
. | P
e i
\\
R ——~-3p
> 45;%/
by
\\ J/
5 A
[e) A

Change in KE = work done against friction
1
2 mu? - 0=y mgs

(m = mass of striker, s = displacement of

the striker)
2

[
= 5=
2ug
_ @
2x0.2%x10
T |
PQ=0P=0A2=|—|2=2
? (2&) o
. |

OP+PQ==-+=-=1
+¢2{32+2 m

. Striker will stclnp aE point ¢ where
co-ordinates are | —, — |.
(2\[5 \rﬁ

Option (a) is correct.

6. As no force is acting on the system along
horizontal, the CM of the system will not
shift horizontally.

|
\

X
|

4p=1{1—p)
= =—m
5

Displacement (x) of bar when pendulum
becomes vertical

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.

o oo for o} o
Floor During During During  Floor
first Second third
callision collision collision

Momentum imparted to the floor in
1st collision = p-(—ep) = p(l+e)
2nd collision = ep — (- ezp) =ep(l+e)
3rd collision =e’ p—(—e*p)=e’p(1 +e)
As theoretically there will be infinite

collision, total momentum imparted to
floor

=pl+e)+ep(l+e)+e?p(l+e)+...o0
=pl+e)[l+e+e +...]

1 _ (l+e
l1-e pl—e

Option (d) is correct.

8. Let F' be the frictional force applied by
plate when bullet enters into it

lmuQ =Fh .4
9

=p(l+e)

If plate was free to move

mu+0=(M +m)u’
m

M+m
New KE of bullet = %mtﬁ —%{M + mu?

U=

u

(entering plate)
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1

:—mug—-l(M+m) s
2 2

]_ 2 m ]_
=—mu |1- =—m
2 M+m| 2

=Fh’

Dividing Eg. (ii) by Eq. (i),
E: M
h M+m

. M

L.e.,

Option (a) is correct.

v, =16 ms™ vh vZ =[Zgs =10 ms™'
s Rest — e
A B A B
Now, v, = = Uy (entering plase)
=t g ‘
2 ie.,

, 1
Le., e=—

4 1

Option (b) is correct.

{z.in+(1L-b)(z+£
2 2

3

M+m

h’:[ }’1
M+m

Z .
5 =
or
. 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

Sml =My
myq = 1
my 3

which 3rd is travelling.

v

2nd

Let the wvelocity of 4th particle is u as

2

shown in figure.

ucos 45° +vcos 45° =v
u=v(/2-1
Total energy released

g, 1 o

==mu +§mv +%mvg+%m[v(x/§—l)]2

mu*[3 + (V2 - D?1= mv? [3 - V2]

10. yC.\-‘l = . .
(I b)+ [1 L b] Option (a) is correct.
2 13.
; 3 E— — —
bl +bL£+Lb Yo =1
I= % according I
bl +— : —— <
2 toquestion ) "‘I T
EY P Bl P mg mg 2mg oG
or Hl+=]=—+ ==+ =
2 2 2 6 2mg 2mg
2 9
or % - % mg mg l u l u
L 8] 8] B
or = _§ g
Y mg f” mg 2 mg mg 2 mg
11. M vy M
(:}—'- V2 «—| :] ._;v
- 9 ? mu = 2mv, Cwillincrease C will also increase the

Mgty = Maly — Myly

e=1

202 =0

5 u
(1} e, vy = E

my(2vy) = myvy — myvy

the tension in
the string.
mu = 2mv,
1.8, Vg = .l

2

weight of B when collision
takes place. Thus,
mu = (2m + m)jvs

i€, vy ="
B, V==
3
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T T meA
=2.2.2 3.3
2 2 3
Option (b) is correct.
14 - Place of
. time =t (B?y) ------- ~—collision } g3 m
h T ?w
M hi2 hi2
=
oy 2nd,
.|1 o B
v cos 30" Motion of B:
Ve = v cos 30° E:UEJlg_
B 2" "2
2 , h
L : ie., h=v_[—
Option (a) is correct. \/g
15. I:C:M :i o U='\|'gk
h
r; (position vector of lighter piece) Up= \@ - £ VE =D
4 4 n
=31+2)-4k Collision of A and B at time ¢
- — —
= _mrntmyr Rest (6]

—_—
Igh
Lo
e ® (2)
m

~4 »
o (my+my)rey —mn
=

2m m+2m
M2 ma+/gh=3mo
E
2%—%{3%23-41}) o N8h
= 3
4
- Velocity of the combined mass when it
3 reach ground
~li6i-231+25-4ky v’2=wi+2gh
T =82 1 2gh
g
=~ [-4j+8k]
P , , 19 gh
ie., v
'Q A
=—)+2k
. 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
ﬁzlgtﬁ, v, (attime ) = gt =./gh m(u+v)+2m$=dm-0
2 2 s =—=—
h 3
Le., L= E Work done = KE gained by man and cart

zlm(u +v)? + Loamy?
2 2
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Option (d) is correct.
30m +50m

m+m

= 40 m/s upwards.

130 m/s
—_ m

40m —— - Initial position of CM

18. vy =

20m IB{]mIs

—_ m

If the wvelocity of CM becomes zero at
displacements

0% =40” +2(-10)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 -?
In terms of momentur@ O
A B
Before collision
v 2v 2v v
—- —-— - —
In terms of \re[ociLO O O O
A B A B

Before collision After collision

Gain in KE of 1st particle

1

==m(-2v)* —lmuz
2 2

=2muv® - lmvz
2
3 9

=—mu
2

_37°
T 2m
Option (c) is correct.
20. According to question

P
am
4m 4m
fem Tom
-I—X—I-I -&—x—--—l =]
-— e = -—

a
(4m) x +(4m)§ tmies (o

dm +4dm dm +m
x a 4dx+a
or —t—=
2 4 5
4 a
i.e., =
6

Option (b) is correct.
21, xpy of Fig. 1 will as that of Fig. 2,

40

4
G‘I 20 | 10 | 20
o

=

[ 9] P E———
a a

Fig. 2

302 £ 5.3
2 2

Xy = —2———=2
o 40 + 50
_ 20a + Tha

90
~ 95a¢ 19a

T 90 18
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40. S?a 502 2 Thereis no
oy D& need tofind
Yeu 40+ 50
the valueof y
_ 17a
18

Option (a) is correct.
22. Conservation of momentum along y-axis

v 3
m —%sm 45°
W

=2m,vsin®
: P ;
ie., 2usin 0 = £ )

Conservation of momentum along x-axis.

/ Vg2

My
_VE_ Rest 45°
& O x x
a
m[, Zmﬂ
2my
v
my Tcos 45° +2mgvcos 0 = myy,
ie., QUcos{-):Eéﬂ— ..L(i)
Squaring and adding Eqgs. (i) and (ii),
2u= E"l V2
_ Uo
22
Option (b) is correct.
23. — kI2 = mQUz
, \/T
ie., vy =% [—
my
my % 0+ mguy
Vem =
my + Mg

(When wall just breaks off the velocity of

mass m; would be zero)
__my
- 2
m1 + m)
k.
Xy
ml + ﬂlz my
k
nmy + f712

Option (b) is correct.

195

24. Velocity of 2nd ball when 1st with velocity
v strikes 2nd at rest

mi2  mi2? mi2"=1
ORO) O Q)
1st  2nd ath
Vo =¥ Rest
my =
; 2m2 2m 4
vy = Up = v=—v
my + my m -
2

Velocity of 3rd ball when 2nd with velocity

i v strikes 3rd at rest

3
o
sl Rest vy’ vy
my =% my =%
m
9.
o 2m, = o 9 év
mitmy 0 M m3
4 2
a4
3 3
4)3-1
Velocity of 3rd ball = (5) v
As in every collision — 2 = 1
ml + mE 3
1

.
The velocity of nth ball = [g] v

Now, this must be equal to /5 gr
for it to complete th1e circle

(4] oo
3 n-1 -
Le., U= (z) \/ggr

Option (a) is correct.
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26.
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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 5¢cm of the spring
expansion will accelerate it.

Impulse = 4 kgms™

okt wdlondit Gl 2 P gt
2 kg
Average Acceleration (a)
5
4000 x | —
P ()
2m 2x2
=50m/s”
; 5
Displacement (s) =x=—m
P 100
v? =u® + 2as
=22 +2x50x i
100
=445
=9
v=3ms™

Option (b) is correct.

Compression in spring Velocity gained
by block when the spring is at its natural
length will compress the spring.

liax2 :lmv2
2 B
\/m.
x=v,[—

k
2

:3 —_
V4000

_ [2x9xb
4000 x5

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. vy of M and S =

KE of the block moves blocks ahead and

the spring stretches by 6.7 em 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
=(6+6.7+6.7+6.7) cm
=25cm approx.

Option (b) is correct.

Mq=8 M= 18
2 (M+s) 2y "
L . T I
48 m P B
+—6GL—
12L
8m x AP =16m x (12L — AP)
AP =24L - 2AP
3AP=24 L
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.

S axx8m+(x+6L)48m +(x+12L)16m
=(6L x 48 m) + (8L x 24 m)

e, x=0m

i.e., no displacement of bar.

Option (d) is correct.
8m(2v) +16m(-v) _

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.

0

Option (b) is correct.
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29. When the spider eats up the moth and
travels towards A with velocity % relative

to rod. _
24-01(% +uRJ +48mu, =0
[vy, = velocity (absolute) of rod]
= Up=— %

Option (c) is correct.

30. Time taken by spider to reach point A
starting from point B
4L 8L
=— + —
v uv/2

More than One Correct Options

1. Along vertical :2mV sinB=m -%sin 45°

Le., 2Vsin@= (1)

v
242

v Rest
—
L]
m 2m
Along horizontal :

muv=m %cos 45° +2mV cos 0

ie., 2Vc058=v(1—i} ... ()

22
Squaring and addigng Eq. {i]andz(ii),

) )
ovz) ' a2
2 2
U 2 U v
=—+v'+—-2'v-—=
s ' 71 “"ap
50 v
4 2
Dividing Eq. (ii) by Eq. (i)
1
22
tan8 =
el

2/2
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= % = _20L =207
v Ll
=20x 4=80s
31. Form CM not to shift
8L (OM+S
f - ]
—— 4B m
I(-) . |
48 m
= (x" +8L)24m +(x" +6L)48 m
=64 X 48 m
. 8L
ie,x ' =——
3
Option (a) is correct.
= _; <1
22 -1
0 < 45°

Thus, the divergence angle between the

particles will be less than %

Option (b) is correct.
Initial KE = % it
2
Final KE = lm(EJ +1lomy2
2™(2) T2
1 5 1

1 5
s gl N U T
g™ [4+ 39 SJQ]

As Final KE < Initial KE
Collision is inelastic.
Option (d) is correct.

2.02':ng
my + My
Vo vi=0 v vy
o [1 O [
ms=m my =5m
_m-—5m
Bm+m
B
==tk
=_gg@
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2

T - m:; 2 =mg
L4
or s % +mg
8g
— +m,
9 g
_17mg
9
Option (a) is correct.
Velocity of block
v = 2y v.
my + my
Z2m
= 2g1
sm+m ‘/ g
.
== [2gl
3 4

Option (c) is correct.
Maximum height attained by pendulum
hob

_vs _8gll9_4l

2g 2g g

Option (d) is correct.

v cos6
3. veosh=ucosf=—=

uw cosd

vsin ¢

ucos B | :
[ v cos
. . ¢
+ u #
LY s
s

usin @ \\ v
87 0
_vsind
" usin®
_cos® i sin ¢
cosd sinB
_tang¢
 tan®
Option (b) is correct.

and

Change in momentum of particle
=(— muvsin ¢) — (+ musin 0)

~ Impulse delivered by floor to the particle
=mugin ¢ + musin 0

= muvsin o[sm L + E]

sin® v

. u u
= mvsme[—e+—]
v v

=musin®(1+e)
Option (d) is correct.

ul1-0Q -¢’) sin?@

= u\f'l —gin’0+ée?sin’ 0
=1 .fcos? 0+ e sin? B

2
P v :
= u\/cosz 0+ = sin’ ¢
i

= \/'uz cos® 0+ v? sin® ¢

= \flvz cos” O+ v? sin® (]
=v
Option (c) is correct.
cos® 0 + e sin® §
2
=cos’ 0+ tan2 ¢
tan® @
=cos” B(1 + tan® )]
=cos” B sec2¢
= cos? 0
cos? (0}
v  Final KE
u’ Initial KE
Option (d) is correct.

sin” @

. u=Bi+2)ms?

u \_f:= (-2 i +)j\) m/s
mpM m
Impulse received by particle of mass m
——mu+mv
=-m@Bi+2)+m(-2i+5
=—m(1i+ 3) unit
Option (b) is correct.
Impulse received by particle of mass M

= —(impulse received by particle of
mass 1)

=mBi+])

Option (d) is correct.
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5 T=ma
and myg - T = mya
Solving, a=—"2 g
my + my
a
——

3]
‘-‘
--1l

nmya + my0
my + my
ml + m-z
m,my
=72g
(my + mg)

(aey)s =

a

Option (b) is correct.
m0+ mya
(ac_“}y =1 2
: {ml + mg)
=M 4
m; +m,
2

m
ny + my

Option (¢) is correct.

6. As the block comes down, the CM of the
system will also come down i.e., it does not
remain stationary.

mg

B = *g
M+ M

gy 18 downwards and also agy, < g.
Option (d) is correct.

As no force acts along horizontal direction,
the momentum of the system will remain
conserved along horizontal direction.

Option (¢) is correct.

7. Velocity of B after collision :

Va vi=0 va' vy
m @ @ ®
A B A B

Before collision After collision

8.
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, 1+e
L'l = 2 vg

= %v [ase= %and v, = v (given)]

v

;& Fay

2
Impulse given by A to B

= change in momentum of B

=m{§vJ—m-0
4

3
=—mv
4

Option (b) is correct.
Velocity of A after collision

’ l1-e
Uz = 2 U2

v

4

Loss of KE during collision
1

1 2 #2
=_muv, ——miv'] +v’;)
2 2 2 1 2

() - (%)
=—mlv“—-|— EER st
2 4 4
o o
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= =-L]|- -g

Tdt m\ dt
The value of @ will remain constant if v,
dm
and — are constant.

Option (¢) is correct.

F.t = F; (Thrust force due to gas ejection)
— W (weight of rocket)
a= B net
m

Thus, Newton’s 2nd law is applied.
Option (d) is correct.
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Match the Columns

1. If x, is the compression made in the _m(+gl+m(+g)

2, Initial g, =

spring, the restoring force on B will m+m
decrease from kx, to zero as the spring --r--  @y=0
regains its original length. Thus, the 2nd particle

acceleration of B will also decrease from

X,
20 to zero.
Mg
mga mg
k
[ w8 ]
I
]
1
) XU 1

-—ﬂ—wwww—l_s-]—- ko
kxg

So, the a ., will also decrease from

kx
— =0 {0 zero.

mA+m3

s (@)= (r)

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.

s (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) = (p)

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 Ae)— (8)

1 20 ms™!
- 1st particle

m
=+ 108ST unit

< (a)— (q)
pui 20+ 0

m+m
=-10
[y = 10 ST unit
S (b= (@

For the time taken hy the first particle to
return to ground

Initial v =

s=ut+1at2
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 =55

s=(0)5 +%(10)52

=1256m

The particle (2nd) will still be in space
moving downwards.

_m-0+m-g
R
=% _5 (SI unit)
2
se) = (p)
Velocity of 2nd particleatt=56s
v=0+10xbH

=50ms~*
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s Att=56s
. _m-0+m-50
<N m+m
=25 (SI unit)
sd) = (8)
Initial KE of block B=4J
~ [abawwwww] 8]
m m=0.5kg
Lobxa® =4
2
= u=4ms™!

s Initial momentum of B=0.5 x 4

=2kgms™!
~(a)— ()
Initial momentum
Pey = Pyt Py
=0+2
=2kg ms ™!

s (b)— (r)

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.

Py =Pg
(at maximum compression of the spring)

But, p, + pp = initial momentum of B.
&5 Pyt ps=2
ie., ps = 1lkgms™
s (€)= ()

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.

s (d) - (p)
If collision is elastic, the two blocks will

interchange there velocities (mass of both
balls being equal).

1

Thus, velocity of A after collision =v

s(a)— (1)

If collision is perfectly inelastic, the two
balls will move together (with velocities V).

mv=(m+m)V

= v=_
2
< (b)— (s)
If collision is inelastic with e = é,
o = l+e
1 g L2
1+ 1
=— 2 .y [u, =v(given)]
3
=—v
4

= ()= (p)
If eollision is inelastic with e = %,

1
, (“Z] 5
v =——v=—v
2 8
~(d) = (g).

. If A moves x towards right

B
%so kg

l Smooth

A
%sn kg

| C 30kg

Let plank (along with B) move by x’ to the
right.
x x30+x"(60+30)

30+ (60-+30)
. 2 X
ie., x'===
3
X
= 7 towards left.

s(a)—= ()
If Bmoves x towards left

Let plank (along with A) move x” to the
left
x-60+x"(30+30) 0

60+ (30+30)

Le., x'=-x

= x, towards right
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6.

Mechanics-1

= (D)= (p)

If A moves x towards right and B moves x
towards left.

Let plank moves x” towards right
30 x x + 60(—x)+30(x")

30+(60) +(30)

ie, x'=x
= x, towards right
~(©)— (p)

If A and B both move x towards right.

Let plank moves x’ towards right
(30 + 60)x + 30x" _ 0

(30 +60)+30
ie., x'=-3x
= 3x, towards right
~(d) = ()
For man to be in equilibrium

7 T
T4
Tz
T2
mzg
N mig
N+T,=W )

For the block of mass m; to be in
quilibrium

T,=N+mg (i)
For the block of mass m, to be in
quilibrium

T, =myg ...(iii)
For the equilibrium of pulley 2
T =27, .(iv)

Solving Eqs. (i), (ii), (iii) and (iv)
W =3myg - mg
= (3m2 — ml}g

. UCM:

=(60-10)10
=500N
s(a)— (1)
For the equilibrium of man
N=W-T,
=W -2T,
=W -2(N +mg)
ie., aN=W -2mg
N =100N
sA(d)— (8)

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.

i.e., when >W-N
>500-10
> 400N
Options are 500 N and 600 N.
(b) — (r) and (s).

Force (7)) exerted by man on string to
accelerate the centre of mass of the
system.

Centre of mass of the system will move
downward if man moves downward.

i<W-N
<400 N

Options are 100 N and 150 N.

< () — (q).

2x3+0x6

3+6

i.e., when

2ms™ kg m

=Zms™

3
When both the blocks move with same
velocity (say v) deformation in the spring
will be maximum

2x3=3v+6v
. 2
ie., v=-—ms
3
=velocity of A

=velocity of B
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3><g+6><E
— 3 3
AT 346

=gm8“1

3

When both the blocks move with same
velocities, each will be at rest w.r.t. the
other

~.(a) = (p), (r), (s)

(b) — (p), (1), (s)
l%dinimum gpeed of 3 kg block will be
3 ms~' and at that moment velocity of CM

will be 2 ms™,
3
s (e)— (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).

e 2x5+1(-10)
T 2.1
=0ms™
+ ive
-
Rough 10 e
s [Ta]—""
5ms™
- | 2Kkg
Smooth
S(a)— (1)
Momentum of CM = 2(+5) + 1(-10)
=0kgms™
(b) — (r)

Velocity and so the momentum of 1 kg
block will decrease to zero as the surface
below is rough.

~le)—=(q)

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).

= (d) = (g).



