Laws of Motion and Friction

ALLEN

SOLUTIONS

Laws of Motion and Friction

Exercise-1I (Conceptual Questions) 12. 3 F 3, 4
. A=—=——i+—]j
1. Newton'sIlaw. m 5 5
2. net:O,a:O V=ﬁ+5t
3. Fret = ma, Fpet = const, a = const. V=61-12] +(_§;+ﬂjjt
4. V=u+at 5 5
30=a(2) v:(6—3—tji+(ﬁ—12jj
a=15m/s?2 5 5
] F=ma =10 (15) To have a velocity along y-axis,
F=150 N its x-component must be zero.
5. F =0 (as acceleration = 0) 6—5;—t =0
6. v=u+at £ =10 sec
0=8+ax3 i . . -
g 13. Since, F, +F, +F, =0
= — — 2 - - .
a=-2m/s  +E,=—F,
. E+E F
F=6xo—16N d=2t3_ 01
3 m m
4 F
7. _4-8 8=—2m/s2 a=—+
6 m
F 14’- Fnet = ma
8. a=_— Foee= 1N
F 1 15. Force from road causes acceleration of car.
v —0=2—xd Vo —— d
m Jm 16. F="P
dt
9. a= F 17. Inertia of stone causes reaction to get hurt.
m
F 18. a :E =2m/s?
vi-0=2—xd m
m v=u+at
v-u=2(20)
?=2—xd
M m % v-u=40
, 25)(104 100 AP = m(V—u) = 10(4’0)
- 5x107 AP =400 kg-m/s
or
vz=1
AP
v=1m/s F:A_t . AP=FAt=20x20
F=39200 dyne 19 Ap 100)(1073 %5
11. E_=0=3a=0 O™ At 025
Vv remains unchanged Favg = 2N
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20.

21.

22.

23.

24,

25.
26.

27.

28.

29.
30.

_Ap _0.5(15-(-10))

e At 0.02
Favg = 625N
Force F = Rate of change in the momentum
_ m(v,-v,]
t
1)[40-(-2
_0 )[40 g 0 =1200N
(5x107)
2><570><25
__ 1000 —50N
e 0.05
v-u
a=
t
\/Zghz —(—\/Zghl)
a=
t
a_\/2><10><5+\/2><10><10
0.01
a0t 00 m /s
0.01
2mv
Favg= ——
£t
-3
2x150x10 3><4'0 _10000N
1.20x10"
F=£=2mnv
At
Mg=n x Zmv
2x98=5x2x01xv
v = 9-8x2 =19.6 m/s

F=mxa=25xj—‘t,:25><2:50N

Ap = Area under F-t graph
1 1
m(v—u)=5 XSX4_E x1x2-1x2

2(v-0)=16-1-2
V=% =6.5m/s

Ap =I Fdt =0 (area of F-t graph is zero)

Ap = Area under F-t graph
m(v-u)=4+8+1.625+5
2(v-5) =18.625
v-5=9.31

v=143m/s

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

44.

20t?

t
I=Ith=50t— =50t - 10t2
0

T:Aﬁ:ﬁf _f)i
=0-0.2=-0.2 kg ms-!

F=9m v —15x3=45N
dt

F=d—me=3x10=30
dt
F=30N
~ 1.5%xa=30
_ 30

a=— =20m/s?
1.5 /

F=Vd—m=5><1=5N
dt

5
a===25m/s’
> /
dm _300 .. kg/s
dt 400
vdm ) —av’
= =—qav®..  a=
dt M
F=2x300=600
a=@=10m/s2
60
800X9.8+800X4.2=C11—rtn><1600
dm 14
—=—=7kg/s
a2 e/
dm 210
—=——=0.7kg /s
dt 300 8/

d
Minimum rate of burning fuel is d—T

. m —ud—m
.. mg m
dm mg 800x10
or, — =—= =
dt u

Ap =2 mv sinf
F= 9P _2vsing) I
dt

dt
0 — (O

The mass crossing an area a in time t would
be

=200 kg/s.

m=vx txaxd (1)

For small element
d_m =vad .. F = 2av2d sin©
dt

[2]
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46. Action — Reaction

47. Forces from ground causes horse motion.

48. Action — Reaction

49. mpaaa = mpas
maa =2m x a
aa=2a
51. miai=mea;
_mpa; 5x2
T T8
az=1.25m/s?
52. None of the above
53. Weight is gravitational force of earth on the
body.
56. Free body diagram

Net force =Mg-F,=0
(Fb = Buoyant force)
57. (1) is wrong 3 coin has seven
coins on its top which exert
a force 7 mg on it.
(2) is correct. 6t coin has
four coins, placed over it.
Thus 7t coin exerts a force
4mg on 6th coin
(downwards)
(3) is wrong,
As what is explained in (2),
the reaction of 6t coin on
the 7t coin is 4 mg
(upwards)
(4) is wrong. 10t coin, which is the topmost
coin, experiences a reaction force of mg

(upwards) from all the coins below it.
10

RN WS UTO IO

59.

60.

61.

62.

64.

N, - 1000 N
3
N, Mo 500,

2 B

)
N <
SN

@Qo 0 Mg mgcosO + FsinO

From the figure, the normal reaction on the
block is N = mgcos6 + F sin6.

6-3
a= —— =1m/s?
2+1
a —>
2
6N—"—F
6-F=2x1
F=4N
az—i—zlm/f
2+1
2,
3N—><—F
3-F=1x1
F=2N
W-N =ma
& W
) la
N
N=W-ma

Reading =80 x 10 - 80 x 5 =400N
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65.

66.

67.
68.

69.

70.

71.

W, m(g+a) 12_3

w m(g—a) 8 2

app;

Horizontal force can not balance vertical
forces.
Arms should be vertical for least tension.

T3 = 4-g
Ts
!
4kg
|
v
4g
T, =Tz +3g
Tz = 7g
T2
!
3kg
vy
Ts 3g
T1 = Tz + Zg
T1 = 9g
T1
!
2kg
v oy
T2 2g
T, _%_9
T, 4g 4
T, cos0=60
T, sin0=60
. tanezézl
6
.. 0 =45°
T = mg, 2TcosO = mg

. cos@=1;9= 60°
2

TcosO =w

72.

73.

74.

75.

76.

77.

78.

(@]

(@]

wn

D
SENNES

TcosO6=W ; Tsinb =R ; tanﬁz%

T2 = R2 + W2
also as for equilibrium R+T+W=0
10.2

a=

242+2
T=2a=2x17 C4—T
T=34N

F

a=———

(Ml +M2 +M3)
T=(M;+Mz)a

=1.7m/s’

.(iv)

MF
:(M1+M2) F/M1+M2+M3:36—M

a=
36
oo T'= (M2 + M3)a
S T'=35x1=35N
The common acceleration of the blocks is
a= M:ﬂ: 1.5 m/s?
10+6+4 20
540 - Tz =msa
.. T2=40-10x 1.5
T,=25N
For figure 1 :-

azs.;o =20 m/s?
25

=1m/s?

T=15x20=300N
For figure 2 :-
azE =30 m/s?

25
T'=10x30=300N
Hence T=T1=300 N
T1 = (12 + 3)3
30=15a (1)
a=2m/s?

Fcos60° =30 + (15 x 2)
F=120N

[4]
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79. a:2—5 =2.5m/s?
10

Ta=5x25=12.5N
Te=4x2.5=10N
Tc=3x2.5=75N
210-150
a= —————
15

80. =4 m/s?

81.

T1sin30° =W

T, x2=40
2

82.

T

Ta
mg
* Tmax = 300
150

..300-150=ma.. a=—— =10m/s?

ML F
83. DB —+Fa=—
+—> M

84. T=—><X><E
M

85. a= =—

L117777777777777777777

Tension at mid point = (

15

~T=mxa

m+— [x—="—

m F 3F
2m 4

86. For the particle of mass m,

T - mg=ma

(i)

For the particle of mass 2M,

2Mg - T =2Ma . (i)
afT m |7
"8 oMcoya
2Mg

Add (i) and (ii) to eliminate T.
2Mg - mg = 2Ma + ma
g(2M -m) = a(2M + m)

ora= (ZM—mj (iii)
2M+m )®

2M+m

T=mg+m (ZM—mj
8 8 2M+m

Now T - mg =m x (ZM_mjg

2mgM +m’g +2mgM —m’g

T =
(2M+m)

4mM
T=—¢g
(2M+m)
e (10+5)g—-5g
20
,_10g g
20 2
ae 10g-5g g
15 3
For block A :-

.(iv)

T—5g=5?g

_4mg
3
F=2T + 3mg

1
F= ?7mg =5.67 mg

T

www.allen.in
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— 2g=10
90. Incase'a :- a, _2Zmg-mg_g g=1va )
3m 3 a=2m/s
In case 'b' :- a=—1r——== -
b om 2 Ti=12N
hence, a; < ap and T;=3x10-3x2
T,=24N
91. mg-T=ma (1) have L_12_1
T=m'a ..(ii) T, 24 2
QM8 97. Force on block A in downward direction :-
(m-+m’) Fa= 3 Mg sin 53° = ~218
92. ForcaseA 5
15g-T=15a (1) Force on block B in downward direction :-
T=5a (i) _ 12Mg
a:3_g Fg =4 Mg sin 37 :?
4
Fa=F
For case B ATTE
15g-T=15a ..(iii) hence, both the blocks remains in rest.
T-5g=>5a .(iv) 98. 2Mgsin®-T =2Ma
a _8 T =Ma
2 2gsin6
a—>» a=———
m,g 3
93. > —— M —T 1
99. MgXE: mg
m,g
T-—==m,a (1
2o =m, ( v
T oom
T M=2m
al m M=2x10=20kg
ll m;g-T=ma -(2) 100. Both A and B reads 2 kg
m.g
equation (1) + equation (2)
- Mg
2(m, +m,)
T 101. The system, as a whole, will fall towards
4. 20 kg 30kg|[—>F ground under gravity. The spring will neither
iy be compressed nor stretched regardless of
T=20x3=60N the values of m; and m..
_1g 2 1
95. a=r==5m/s 102. "¢ > T T=1x10=10N
T=1la=1x5 T 2  on
T =5N a—p
96. 3g-T:=3a (i) 20-T=2xa
T,-Ti1=6a (11) 20-10
= = 2
Ti-g=a ...(iii) a >m/s
.. By solving eq (i), (ii) and (iii)

[6] www.allen.in
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103. F=20x2=40N

200N
40N,_130 kg "\ \
SR
_160 _ 5 f *, mgcosd
a 30 5.3m/s Mg =+ masin®
104. T =5gsin30° .. mg sin® = ma cosO ..(i)
T=25N N = mg cosb + ma sin6 .. (if)
108. Tcosb =m (1 i
mg (1) .. N=mg cos6 + m sinf x gxsme
Tsing = 28 -(2) cos8
2
117.
According to question sinf = 1/x (1 in x)
So tanB=
&
Ii4 .
Mg “+ masind
109. Because of train's acceleration, pseudo forces To kgep the bl(_)Ck §tationary
acts in opposite to the direction of motion of relative to the inclined plane
train. mgsin® = macosO
110. Force exerted by a person on the floor is less a = gtan
than his weight when lift has an downward —a=__5
2
acceleration and upward retardation (ger = g - a). x -1
macos30°
112. m(g+a) :§ 119.
m(g—a) 1
8 F .
(g+a)=3(g-a) = a=>
113. Zero (weightlessness) mg mgsin30
114. N=m(g+a)=0.5(10+2) = 6N 30°
115. & macos30° = mgsin30°
' a=gtan30°
F=(M+m)a
116. F=(M + m)g tan30°
120. MA.—L02d _W_
2 Effort F
9 Load
FBD of m w.r.t. incline plane. 121. MA.= Effort
Ma.=20 s
80
www.allen.in [7]
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124,

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

>
»

R

fe

Static friction is self adjusting force
SO, f=Fext =F

fnax= 40 x 0.4 = 16N

.. f=8N (Applied force)

fL. = psmg

fL=04x3x10=12N

F=87N

F < fL

f=F=87N

A

mg - f=ma

f=m(g-a)

=0.5 x (10-9)

=0.5N

vZ =u? + 2as

02=1002-2x0.5 x10xS (- a=pg)

S=1000m
Pseudo force=10x0.5=5N
fnax=10x 10 x 0.2 = 20N
f=5N

F=f.
75 =us x 20 x 10
us = 0.375
fL. = s mg
fL=06x1x10=6N
F=1x5=5N

fL>F

hence f=F =5N

F-f=10x5 (1)
2F-f=10x18 -(2)
from equation (1) & equation (2)
f=80N

0= f_ 80 _ 0.8

mg 10x10
f.=0.15%x20=3N

for block to be stationary
f. = weight of block

weight of block = 3N

135.

137.

138.

139.

140.

141.

fnax=05x25=125N
F=mg=1x9.8=98N

F < fmax
So,f=F=98N
50N
x°°$ I
30° 1
503N 30N ¥f

fo=pN = isxsoﬁ

fL=50N

Fexx=20N

Fext < fi

hence f=Fext =20 N

Af
F...sino 7
I:min /
Lﬁ 2
F,..c0S0 n*g

Frninsin® + f = mg
Fininsin® + pFnincos® = mg

Funin(sin® + pcos6) = mg

_ mg
™" Sin O+ pcosd
For,f=0
Fsinf = mg
F=_—2
sin©
30 cos53°= 18N
53°
30N I

30sin53°= 24N
200 N

fo=pusN=0.2 x 224

[8]
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fL=44.8N
fL>F

hencef=F=18N
142. N =mg - F sin45°

1
=50-282x —

2
N=50-20=30N
fs=uN

f,=0.8x30=24N
fo>Fexe  {F,, =28.2c0s45°=20N}
So, f= 20N
N
143. )

A —T
fe 7
49
N =40
f=03x40=12N=T

St w1

mg="T
m=£=1.2 kg
10

4m m 1
144. px = g—sg:> u—4
145. f.=psmg
f.=0.2x2x10=4N
F=2x1=2N
F<fL

hence f=F = 2N
146.

mg
f-mg=ma
f=m(g+a)
147. For constant speed, acceleration is zero
mgsin = pmgcoso
u = tan6

22
148. 0% —(2v,) =2(—pg)xs = s=—2L
ug

149. frax=pmgcosd =0.8x2 x 10 x =13.6N

B

F=mgsin9=2><10x7=10N

F<fnax, Sof=F=10N

150. F1 =mgsinO + p mg cos 0
F, =mg sin® - u mg cos 6
F, =3F,
tan@ + p = 3(tan® - p)
2p=tan® =0 =tan-1(2p)
151. a=gsin 0 - pg cosb

g(iL—ozsxihj—10X075—Z§
2o 2) 2 2

=5.35m/s?
152, N

f Mg mgcoso

f=puN
f = pmgcosO
Fext = mgsin® + f
Fext = mgsin® + umgcos0
153. mgsin® = p mgcosH
sin6 = pcosO (1)
when pushed up acceleration
a =-(gsin6 + pgcoso)
= —(gsinb + gsinB) = -2gsind
v —vi=2(a)xs
Final velocity v=0
-vo2=2as = -vo?=2(-2gsin0)s
v
2(2gsinB) 4gsin0O
154. Let the length of incline is d

Case I : for rough incline plane

- 1-
ar = gsin45° - ugcos45° = 87H8 _ (_“Jg

V2o 2

N

d

time taken to slide down (t;) = |—
ar

www.allen.in
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Case II : For smooth incline plane

as = gsin45° = .-

According to question

nts = t; = n2tg? = t,2
2( 2d ) 2d
n =
g/\2 [1—u)g
V2
nZ:L = uzl—iz

155.

161.

162.

T'cos60° =W
T'sin60° =T

. talr160°:l:>W:l
w

NE]

W=%=200N

8kg—+—> 60N 2kg
l

8g 29
fimax=0.5x80=40 N
fomax=0.2x100=20 N

60-20

.. combined acceleration (a) = 0 =4m/s?
as angle made by normal reaction with
vertical = angle of inclined plane = 0 fro.m. FBD of 8 kg :-
and block has to be pushed down, Friction between A & B
So, 0 < angle of repose. fi=60-8x4=28 12‘
156. Angle of repose is independent of mass. 163
) _ -g
157. tanB = ps 0.3 x4 x10 = 12+ —
tand = 3 B 12N
0=60° F itk
158. Y 12
4 A p C a=— =3 m/s?
£ 4
S F-12=6xa
5| 6 f i F=12+6x3=30N
8 i ’ _ 27 9
o i i 164. Acceleration of system = ——=— m/s?
L(’)- 45° v v ¥ 9+3 4
applied force —» For upper block w.r.t lower block
. 7, Faky
‘ acting
N fux = %30 = 10N
tan 0 = s 3
3/4— = Us 9
IJ-S = 0.75 facting = 3 X Z = 6.75N
160. mg - Q.cose =N frcting < Fnax
P+Qsin6 =puN S0, £ = facting = 6.75 N
_ P+Qsin®
H mg—QcosH
[10] www.allen.in
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Exercise-II (Previous Year Questions)
1.  Acceleration

_ Net force in the direction of motion

Total mass of system

m1g_|-1(m2 +m3)g
m, +m, +m,

g
=2(1-2
3( 1y
2. Change in momentum,
Ap = J.th

= Area of F-t graph
=(%x2x6)—(3x2)+(4x3)

=12 N-s
3.  Letupthrust of air be F, then
for downward motion
mg - F, =ma -(1)
for upward motion (when Am is removed)
Fa- (m - Am)g = (m - Am)a -(2)

m, +m,
T = m,m, (1+p,)g
m, +m,
. F
Acceleration of system = —2¢
Mtotal
14
= =2 m/s?
4+2+1
14 N

—>{ 4kg 2kg 1kg

The contact force between 4 kg & 2 kg block
will move 2 kg & 1 kg block with the same

acceleration
SO Feontact = (2 + 1)3 = 3(2) = 6N.
Coefficient of static friction,

iR :tan30°:i:0.6

Ve

a=gsin30° - p, g cos30°

After solving equation (1) & (2) S=ut+ % at?
Therefore Am = 2ma 1 N
g+a 4:{5—&}16: B, =05
4. A _—>2 . 2|2 2
e m, — —
Impulse =‘Ap‘ =m‘AV‘ =m(2V cos60°) = mV
wm,g
T Before cutting the string :-
4mg T
8| m]|a 1 1
l A B
mg
For the motion of both blocks ‘l' \l' \l'
_ 3mg T mg
mzg - T = mpa
T - e myg = mia T=mg
e (m, —p,m,)g After cutting the string :-
- 4mg
m, +m,
For the block of mass 'm' A B
ng—T:mZ[M}g \l, \l,
m, +m, 3mg mg
m, —p,m, a 4mg-3mg g
T=m,g—| ———— m,g A 3m 3
m, +m,
m
g = L g
m
www.allen.in [11]



ALLEN

NEET : Physics

9, Coefficient of
dimension
10. FBD w.r.t. wedge

macoso

sliding friction has

11.

F
tan® =22 -2 towards left
mg g

12. N=mgF=f
Resultant = /N2 + 2 = J(mg)? +f

< mgy/1+p°

13. Acceleration of system

(m,-m,)g _(6-4)g 28 _g

a= =
m, +m, 6+4 10 5
a
—>
14. 10 kg
F.= N =5N
[ Jzal
29 = 20N
_ netforce —20_5=1.25m/sz

~total mass 12
15. Velocity just before striking the ground

Vi :\/Zg_h
v, =+/2(10)(10) =10~/2 m/s

no

19.

20.

21.

v, =—102]

If it reaches the same height, speed remains
same after collision only the direction
changes.

v, = 1072 m/s

v, =1042
|[Impulse|=m|AvV|

m| 1032 j—(-1042 )|
0.15[2(10\/5)}

= 3«/5 kgm/s
=42kgm/s

V, =(V) southward
V, =(V) Eastward

AV = VF _\71
= Along North - East

TV A\7

Fs=ma

fL: Mamax

L Mg = Mamax
Amax= U
=0.15(10)
=1.5m/s?

mgsin®

S
N3
1
tan30° =—
V3
as | =tano

the block is at rest and net force on it must be
Zero

[12]
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22. <

FZ‘E‘ZvasmB:2(1)(1)sm60 ~10V3N

At t 0.1
23. From Newton's IInd ]aw.

Fnet =ma

F=10 N N
rd 2 d 3

BlockB:N=3a ... (ii)

On solving (i) & (ii)

a=2m/s?2 and N=6N
24.

30 - Mgsin 6 =ma

30 - 5(10) sin 30° = 5a

5=5a

a=1ms2

Exercise-1II (Analytical Questions)

f=fnax=uN=0.5 x 24

= [f=12N]

& T+f=32

=

Contact force = \f2 +N? = 122 +242
=125

=26.83N
=27N

F = Mgsin0 + uN = Mgsin0 + pMgcos0

Fcos0O

Net force in horizontal direction = Fcos6
= (Mgsin6 + pMgcos0) cosd
= Mgsin® cos6 + pMgcosz0
Net force in vertical direction = Fsin0
= (Mgsin0 + uMgcos0) sind
= Mgsin20 + pMgcos0 sinf
Net force along the plane
= F = MgsinO + uMgcos0
Net force perpendicular to plane = 0
F

net ext

(31—1: (Newton's second law)

Pseudo force does not actually act on a body.
It is only drawn in an F.B.D. when the frame
of reference is non-inertial.

By definition of 'equilibrium' & 'rest’

Acceleration of blocks is 2 m/s2.
Displacement = % x2x12=1m.

One moves 1 m upwards and the other 1 m
downwards. Separation = 2 m

When a body is placed on a rough inclined
plane, it is acted upon by a reactional force
due to plane [electromagnetic in nature], a
frictional force due to roughness of plane
[electromagnetic in nature] and a
gravitational force (due to its weight).
Statement (I) follows Newton's first law, i.e.
law of inertia.

Statement (II) follows Newton's third law, i.e.

action-reaction pair.
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