PHYSICS - Newton Laws of Motion, Friction °:

SOLUTIONS

TOPIC

NEWTONS LAWS OF MOTION,
N.L.M, FRICTION

FRICTION
I
Exercise-l|
(B) = | Vp1 |:| sz |: 0
2. ((G)) V, ==V,
Action and Reaction are equal and oppo- ~. velocity of C is
site =4m/s
3. (®)
V = Constant a=0 7. (B)
Froe = From horizontal equilibirium
T T3
2 2 TsinB0° T.sin30°
T, = 3T, sKg. N
From V&t eq iipi rh¢0s30
T,v3 T 50N
P-300=0 2;/_+?1=5o =T, =25N, T, = 253N
P = 300N
2000-2S =0 8. »)
=S = 1000N A
4. A) 0 v
-V, -V,-v,+v =0
From constrained
-5-5-5+v,=0
v,=15m/s{
10
5. (A)

From constrained
+2—-v,—v,+1=0 .
Here Resultant vel. of block 'B'is v

vg =3/2m/sT So component of resultant in the direc-
6. ®) 3%252\7/°IS= v , vcos 37° =20
V= 205 =25m/s
9. (D)
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PHYSICS - Newton Laws of Motion, Friction

10.

11.

12.

13.
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From constrained
The resultant vel. of the Block M is v in
vertical direction.
So component of 'v' is direction of u is
u

coso

VCOSO=u=v=

©

V
///////\(Jé///'/////

From constrained Motion - (along the rod
vel of each particle is same so component
of the velocity in the direction rod is)
vcosO =usino6

v =utan6

®)
Component of force
iny direction is N, sin 60° =500

1000
N, =——
SNE)
Na
A
NB‘\ 60 B
60°
300 30
Component of force
in X direction is
. N 500
N, cos 60° =N, = "s __\/5

A

Weighing Machine
always Measure
Normal froce

®

14.

15.

16.

17.

18.
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Mg
cos o

Tcosb6=Mg , T=

©

T, m,

SUSE L R 1 360N

m,

Take a system (m, + m, +m,)
T,=(m, +m,+mya
60=60a

a=—=1m/s?
60
For body m,

T3-T2=m3a
60-T,=30
T,=30N

®

T=mg ..(D)
2T cos 6 = Mg ...(iD)
From equation (i) and (ii)
= 2mg cos 6 = Mg
balways>0soM<2m

©

—
D
D
—

(A)2T=W, T=W/2
(B) W =2T cos 0
W

T =
2cos6
In (C) option 0 is greater so
sec6 T, T1T
If tension is more then string may be break-

®
FodP
dt

= J.:th =0

= [ Fdt-ap

AP =0
©

0!

dp
dt’
F=-2sinti + 2cost]

T
Il

F= %(Zcost’i\+ Zsinﬁ)
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PHYSICS - Newton Laws of Motion, Friction

19.

20.

21.

22.

23.
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P =2costT+25intT

FP=FPcos0
—4costsint+4costsint=FP cos6
cos6=0

0=90°

Q)

Relative acceleration Man and car is zero
during the journey

N=0
A
10
Att =2 sec :>a=7=5m/s2
= = ><5=OZ5N
So, F=ma 1000
At t = 4 sec

a=0 So F=0
= At t = 6 sec,
= a=-5m/s? = F=—-0.25N

®
F
—12m 2m F
<—Q < m
Nl Nl N2 N2

F
Acceleration = —
3m

cat rorce 1, . T _F
contact force N, = - —=~

2mF 2
N2=_3m =§F:>.'. N,:N,=1:2

©

T,-80=28(2.2) ...(1)
T,-T,-120=12(2.2) ...(2)
After solving (1) to (2)
[take g = 9.8 m/s?]

T,

120N | *  |a22m/s?

\Tz

8kg
80N

T,=240N = T,=96N

®

24.

25.

26.
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100 100
M=2.5kg

kgl ... T l4m/secz

70+50 T+25
120—-100 =5a ()

20

a= 5 = a=4m/s?
T+25-100=2.5%x4 ....(i)
T=85N
©

T-mg=ma ...(1)
Mg—-T=Ma ..(2) M>>m
from (1) and (2)

A= M-m g
M+m al
PutM>>m = a=g

o T=2mg,
2T =4mg

©

Case (i)
T—-—mg=ma
2mg—-T =2ma

On solving

a=g/3

case (ii) here F=T

F=2mg

T—-—mg=ma
T=2mg,a=g
On comparing a of case of (i) < case of (ii)

©

m.g sina. m.g sinp

T T
Let M, > M,
M, gsina—-T=M a...(i)
T—M,gsinp =M, a ...(i)
MM, (sina + sinB)g
M, +M,

Onsolving T =
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PHYSICS - Newton Laws of Motion, Friction

27.

28.

29.

30.
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©
4
T T
n] o o] a
m.g mg
N
T-mg=ma ...(D)
mg—-T=ma (1))

On solving equation (i) and (ii)
(3R

m; +m,
®)

Acceleration of B and C is sance so they
can be treated as a system. a = (2m - m)

-9
973

mg-T=mg
T=2mg/3 =40/3 ~ 13N

©

2T
2T

T T

m; m, m,
\l' a

2T=m,g ...(D)
mg-T=m,a...(2)
T-mg=m,a...(3)
on solving

4 1 1

_—_+_

m, m, Mg

»
T, T,
s @ s
m.d Mg
T,

T,-T,-m,g=m,a

T2 —Mgg =mga

T, —(Mm, +mg)g=(m, +my)
T, =mg(a+9)

L M, +mg
T2 mB

31.

32.

33.

34.

35.

36.
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B

_ _2mm,g T _2x5x1x10 _ 50

(m, +m,) ~ 6 3
100

2T =——~33.3k
3 g

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

®

Resistance

force F < !A

at Block B
T+F=mg ...()
at Block A
T=F ...(2)
_ Mg
=7
(8))
T =250 (max)
Tamax
20g
T =m »9

=25 x 10 = 250
250-200=204a__
a = 2.5 m/s?

® 2ms’—
3 ko[ TIOIT | 2 kg—=10N

10—-kx=2x2
kx=6N 2 m/s2
—_—>

kx<—] 2kg >10N

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

®)
18kg at rest == 180 = 2F
F =90N

©

(@ T=mg+ ma

(b) T=mg—-—ma F
T=mg

18kg
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PHYSICS - Newton Laws of Motion, Friction ez

37. (A_) . el 0T sinoT
0= . ? sin 0 at this condition block remains rest when
mg sind mg sin6 >f__
38. A) sliping slant
pseudo force N Fc

mgsin®

mg

mgsino MY 0
From trolley frame

<
Mg sin o = mg sin 6 For 6 < angle of repose

0= Fc =mg
- ¢ For 6 > angle of repose
39. (O as0 T f=umgcos 6l
N =mgcos6{
46. ©
—3a E
F&/n@
<3 9 : 1 0
1
m Fcoso
T IIIIIIIIIijIIIIIIIII I
Mass m falls freely <f_
N=0 ' ~m9
mg cos 6 = ma sin 0 Fsin 0+N=mg
a=g cot0 or N=mg-Fsinb ...(D)
.= uN ...(2)
40. A) Fcos6—-f =ma ...(3)
F<f_ . —>F on solving (1), (2) & (3)
friction=F f< FcosO —u(mg —Fsino)
ForF>f a= .
friction constant E )
= — -+ N —
a1, ) a - (cosb + usin®d) — ug
m,gsin 30 = pm, gcos30 ML(l 3 ijg _ xkg
m,, gsin40 = um_gcos40 n n
Does not depend on mass so all three are 1 I L/m
possible. = —
43. (O 48. (A
vV =u+at = a,=-ug move with a constant velocity
a; = -1g = a=same = U= So ma = mu g (in negative direction)
same =ug
Time taken to stop is also same - VZ_u2=2as Vv2=v2+ 2as
Does not depend on mass. f '
v=,2ugs herev,=0,v =v
4. (A

49. B

Monkey is moving up p 0
max — H M@ cos

due to friction force
f —mg=ma

V3

f = m(a+g) fSmax =O.7><2><9.8><7 = 7\/5
towards up. mg sing = 9.8
As mgsing <f__ so friction requird is
45. (B) mgsine.

f .= mgsinb

m;
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50.

51.

52.
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©

Floor will provide the normal force and fric-
tion force the net reaction is provide by
the floor is R.

QY

N = mg cos 0

f.<uN

mg sin < um g cos 0
p>1

QY

Let length is ¢ of inclined plane, then

f = uN = p mg cos 6 (when friction is
present)

mgsin 6 —f =ma

a = g(sinb—u coso)
mgsin®—pmgcosb=ma ...(1)

Now

1 .
(= %atl2 = Eg(sm 0 —ncos e)tl2
Now ¢, =/(,=1(
Without friction

ma=mgsin6, a=gsind

= %gsinetz2

0,=1
t,=2t,,t2=tandt,=t/2

53.

54.

55.

www.aviral.co.in

0-

1g(sine— coso)t? —lg(sine—Oxcose) L
2 H 2 4

3
4(sin®—pcosO) =sind = u= Z=O.75

(®))
N=Mg-Mgcosb , f__ = uN

frnax = MMg(1 - cos0)
Mg sino > f__
Mgsin6 > uMg(1 — cos 0)

Mg coso
N F=mg
“~ Mg sin6
M
Mg

u < sind /(1—cosb)

. 0 0
ZSInECOSE
< & &
ns ,0
2c0s° —

2

0
< tan—
H 2

)

V? = 2xgsinoxl|
V2
— =2x(gsin6 - pugcos o)l
n

sine(l—nizj =ucoso

p = tan 9(1 - izj
n
A
Friction not depend on surface Area
so angle remain same.
.. Angle = 30°
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PHYSICS - Newton Laws of Motion, Friction °:

Exercise-ll
1. A
() 6 5
O (4
I8
i o
TTTT 7777777777777
1 s =
3 }
2 From constrained
B a+a,+a,+a,+a,+a,+a, =0
. -a—-b+0+0-b—-a+c=0
From constrained . .
O+ CO+St +a =0 c. = (2a+2b) | (By constrain Motion)
ara, et A= In ground frame
C=ai-(2a+2b)j
6. (A)
b
2.
oy s, A0,
Oy
- - - a - -
In horizontal direction net acceleration is
From constrained zero.
a,+a,+a,+a,+a,+a,=0 So, bcosa,=acosa,
—a +2+2-1-1-a_ =0
a,=1m/s? T
3. (A)
RN 7.
0.6 m/s 3
2
1 4
BV
From constrained
vV, +Vv,+v,+v, =0
v—0.6—-0.6-0.6=0
V=1.8 m/s
4. B)
Y
—_ 0
Va 2 1_>
4
Al o |8
TTLTTTTTLTL T LT T T T T T T LT U TR TR TRT T TV
From constrained
v, +Vv,+Vv,+v,+Vv, =0
Vo=V, =V, +V,+V =0
3V, 3V,
Vi = :>VAB:VA_VB: _Vo
Vo :
= 7(t0wards Right)
5. (A)
Let
“ “ mg
C=c,i+c] In vertical direction
C.=a—
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PHYSICS - Newton Laws of Motion, Friction °:

N N,+/3 e T
50+—;= 22/_ (D) = TS|n9="5+M-§{ ... (ii0)
In horizontal direction from eq" (i) and (iii)

N, _N, T (tan6-1)=M i
—=—" - —1)=NMg
722 ..(2) 2 _ | (iv)
On solving eq" (1) and (2) we get from eqn (i) and (iv) we get
N, and N, tan0 = 1+2—NI
N, =96.59 N, N, =136.6 N = Tm

8. DO & 12. ©

9. (A)

sl

F1< ----------
Tcos=T
o i QN T H 9 —_ W 0
F, =F,=Tcos 45° = 60 x 2= 5 sin6 =~ ()]
T 60 From equation (i) and (ii) we get
=Tcos45° = 7= = =
W cos \/E \/E = T = %cote
13. (A
a=F/m—>
10. A
b
+ve
m E X
1 2 F
A= —at’ = t=,/—A = Herea= —
2 a m
So
Force along the rod is same 2mA
oo t=y—— -~ F=ma
mg F
=mg cos 45° = E Total time T = 4t
(for one oscillation/ period of motion)
11. (A
- 4( /2mAJ
F
14. (A
| AN
\/ 7t
t
Vv =u + at
(initial velocity u = 0)
2T v = at L}
\/E (I) =
v=—t
T'cos6 = -...(ii) m
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PHYSICS - Newton Laws of Motion, Friction

15.

16.

17

18.

19.

20.

®
t, > toreach (-A)toO
o (AR2)
(-A) ————1
— N4
V=0 ty
t = 2mA
1= T =t > to
reach (—A) to —A/2
A 1 t2
2~ 2%
mA
t2 = ?

A
So time to reach (— Ej to '0O'is

= -t = m?A(\/E_l)
(B)
(I) ()
1}
F—N, = Ma ...(D)
N, —N,=ma ....(iD)
N, = M'a ...(ii)

From eq" (i), (ii) and (iii) we get
F=(M+m+M")a

Put in eg” (i)

N,=(M+m)a

“M>M =N, =N,
()

Ly

TC

1meB

A
1 kg

Tension at A
T,=mg=10N

®

Tension at B

1
(mass of length AB = > Kg)
T,=1g+05g=15N
C
(mass of length AC = 1 KQ)

Force exertd by support =T
=1g+1g=20N

C

©
Mgsin®—T =Ma ...(1)
T = Ma ..(2)

Now eq. (1) — eq. (-2)

www.aviral.ac.in

Mgsin®—-2T =0
_ Mgsin6
2
21. A)
2m 4m
T
F m
LTI
<— <«
a b
From Constrain equation
2a=3b (D
- T T—
; T
i I B O NC e c W
(iii) T 2T
<« <«
F—2T=2ma ...(2)
3T =4mb ...(3)
On solving (1), (2) & (3)
b=
17
22. |B)
E T
< 2m T ST
C|— C
e
a
b
< | 4m
@
3T
constrain equation 2a =3b + ¢ (D)
F—2T =2ma ..(2)
T=mc ..(3)
3T =4mb -(4)
on solving above four equation
= SF mis?
21m
23. A)
From Constrain equation

www.aviral.co.in
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PHYSICS - Newton Laws of Motion, Friction

24.

www.aviral.ac.in

—b+0+0-Db/2 + b§+a—b§:0
3b
a—7 ..(D
T/2 T/2
-

F.B.D of 8 kg block

T+ Nf =8b ....(2)
F.B.D of 2 kg block
N, +mby/3/2 <
>
mg/2
&
N, +mb+/3/2
-
mb/2+mg\/§/2
mg/2
V3 mb
mg—+—-T =ma ...(3
9+ 3
N+mb§=% ()
On solving above four equation, we get
3043
b=—F— 2
>3 m/s
QY]
Before cutting After cutting
kx kx
3kg
39

after cut the spring A.

kx

3kg la

39
a=39=K 15 g ¢

3

25.

26.

27.

28.

www.aviral.co.in

®)
12 m/s2

> kx K
10kg —* KX%__20kg

200N

Force on 10 kg block Kx = ma
=12x10=120N

So
/\ N
Kx = 120NS 20kg > 200 N
a= 80 _ 4m/s?
20

2m
Zr%glkX
T=Kx+2mg ..(D)
Kx=mg ....(iN)
T=3mg

After cutting T =0
downwards net force

a=3m3 _ 39
2m 2

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

=0

=0

i

W.m

(b) T l
W.m

(c) n
W.m

Independent of the direction of velocity.

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

1

z<o

@

<3}

N=mg + ma

\La N =mg — ma

1

IOQOOQ i
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PHYSICS - Newton Laws of Motion, Friction ez

(@ v=0orv=constant,a=20 tano a, +gsina
w=m(g +a) AN = T gcosa
=10 (g +0)
=100 N 34. ©

(b) v = 0 or v = constant Pulley is fixed from the ceiling
a = upward = 2m/s? If pulley is fricitonless then there is no
w=m (g +a) effect of mass of pulley.
=120N

(©) v = 0 or v = constant 35. (B) .
a = downward = 2m/s? In upivard motion Tu

— as v °
V:vgon[:| @-2) Force \l, mg + bv
acceleration |
29. A) and takes less time to reach at top.

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

pseugo — 1NASS of analyzing body x accel- 'T‘T 'T‘T
eration of frame

= 2(-5i —10]) = -10i-20j

36. (A, B,D)

30. |B) mig mxg
S, isinertial frame A) T=mg<mg
F=ma Acceleration of m, is ¢
So F =10i +20j ® T=mg>mg
acceleation of m_is T
31. A) © Masses is different
With respect to S, frame Not possible
Net force = zero. (D) T- ml_glj_ =ma
32. (O A= 1=ma
on solving _ (M2 =My)0 5 ible
(m; +m,)
37. ©

(A) 40 cos 30° = 2043 N

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

Qé\(\ 38. (B) _
O If v = 0 or v = constant then frame is
20 pseudo inertial.
Tension in the string is 60N. 39. (A, ©)
So spring balance reading
=6 kgor 60N

33. D)

ka
m nfg \“ m,
T cos® = mg cos (a) ...(D)
Tsin0=ma, +mgsin (o) ....(i0) l
(i) / (i) m.g mad
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PHYSICS - Newton Laws of Motion, Friction

40.

41.

42.

43.

44.
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kx —m,g
m, g = kx a= m—2
a=0
Before Burnt
T=kx=mg

Just after burning just at 1 sec
(A) m, will be upwards.
(B) m_ willbe =0

(A, B,0)
F=at
ma=ot

at
a=— ....(1) St.
- =>aaxt (1)

line
dv at a t?

W m =V ms

=V« t? ...(2) Pa-
rabola

on solving (1) & (2)

V o a? Parabola.

(B.D)

T+ mgsin 6 =ma ...(D)
mg—T=ma ....(2)
3
on solving (1) & (2) a:Tg
_ 39
=7
(A, B,0)

Slope of x — t curve gives velocity
In region AB, BC, CD have constant

slope.
= a=0= netforce =0
(®)
F, may be equal to F,
®)
2m T
C \l/ Fa=mg
mg mg
a, =g 2mg-T=2ma a,=0
T—mg=ma a,=g/3

sa, >a,>a,

45.

46.

47.

www.aviral.co.in

®

m=250 kg
M = 250 kg
F 100 2 100 1
W= T2s0 5 MET 50 =5
ag
a, —> N
Now

1 ) 1(3),,
— 100 == =t
100 = 2(a1+a2)t = 2(5}

t2=333.33
t=18.25 =18.3 sec

®

element of

F= frgcos6do

n/2-1/r

F= Mg{l— cosq
r

a= Im.g{l— cosq
r

©

Given

a+b+c+d+é=3i (D
b+C+d+6=—i --(2)
a+C+d+86=24] ...(3)

D-@) =3a=4i
(1) - (3) = b=31-24]
a+b=7i-24j
|8+ |= /49 +(24)* = 25

www.aviralstore.com
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PHYSICS - Newton Laws of Motion, Friction

48.

49.

50.

51.

52.
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FRICTION
—> fep
2m/s 2m/s
fep <= — foc
&
— fes < fga
fa
5m/s —> fa, <«
< TTTTTTTTTITTTRTTRT

Direction of kinetic friction depends on
relative velocity, not on the force

f% A B > fKAB
KAB f
KAB —> fxac 4
QY] N
N=10-4=6N Pl
f  =03x6=18N >1
But required = 1 N «
Force of friction = —j J
10
©
E n=05
5 p=0.3
1

AN\ \\\\\\\\\\\\\\\\\\:\-\
p=0.1
F
1,

& } 2kg| > 1,
&L Ilkgl > f,

o = 15N, f, ~=15N,f,  =6N
©

uN

ma A >N

\l' —>a

mg
If A and B are moving without slipping
mg—-T=m_a ...(D)
T=3ma ...(2)
w.r.t. B

m_g=(@m+m )a, up=g/a

3m
SO mc= —3m+mc ; mc=
M h-1
N=ma
mg=upma= a=g/a
_m a/ 3m
mcg — =m.g/u :>m——u_1
53. A)
System is at rest contract
So,
Jr
C
f T=50 5kg
PR— A I i
=0.2
H mg=50
At rest
f=T=uN
N =50/0.2 = 250 newton
m,g +m.g= 250
10%x10 +m_x 10 =250
som_=15kg
54. (B)
mgsinemg
h=r—rcos9
pmg cosd =mg sin 6
tan 6 =u
cosO = L
V1+p?
— — 1
h=r(1—-cos®)=r|1-
V1+p?
55. (B)
1
Emvé =umgL ; V, = +/2ugl
56.
=) .
> P 0
m Py (P+Qsin6)
L .
(QcosH +mg)
y mg
f =puN=p(mg+ Qcos0)
f=P+Qsino

www.aviral.co.in
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PHYSICS - Newton Laws of Motion, Friction

0

57.

58.

59.

60.

(P+Qsino)
H= (mg+Qcos0)

QY

and Tcos 37°=uN

3T
T cos 37° = w(100 g — ?)

Wing T = 1000 _1
onsolving T = 3 (u= 3)
T—Mg=ma_

g—zw _25xa,_

Aax 9_10¢
3
mg sin @—fuA1gcos 6 = m 61. D)
| [ v
g[sin6 — p cos 6] = a a
a= Vd_V A7ITrrmrnrammimimazmagg
dx
vdv . Mie— m, MAe— m,
v g[sin®—p,xcos 6] [ pn=pxX] —»um.g | > umyg
A = a—ng A = A—
[Here v =0] ug
[Here initial folnaI velocity is zero]2 - f static and f, kinetic
glsin 6x — i, X cos 0]=0 = x=—tan® both provide same acceleration
2 Ho tom, and m,.
A So no relative motion between them
2 y .. X =0 (Always)
J g(sin® — pyxcosB)dx = Ivdv 62. ©
0 0
X w(xY v?
sin6.—~——2| = | cos0]=—
a 2 2 [2} ] 2
Keeping the value F
2 gtanosin0 f/"/ 0=30°
X:M—tan9:>V= T F = mg sin 30° + umg cos 30°
0 0
mg
=—1 3 )
) o | + 3] (D)
a =g sinb - u g cosb F + f = mg sin 60°
At the x increases, u Ta { mg
sowhen a = 0 instant give maximum speed F= 7[\@ —u --(2)
gsin37° —(0.3) xgcos 37° =0 Now (1) = (2)
3 60 20
— —XXX8 = X=——=—=25m (\/§_1)
5-10 0= 3x8 8 1+u£=J§-u:>M=—(J§+l)
® B, (b) D A
1000/3 63. (a)B, (1) D, (®)
T (@ T—-mgsin 45° = ma
AN T my _ M9 Given
T 1 T V2 T 52
37° Qmax g
| a=—=
: 5v2
v 6 mg
. o s
T cos 37° = f (b) 3mgsin45° —T—-uN =3ma
N+ T sin 37° =mg 3mg 6mg 3mg
— — = 4 o
_ 3T 2 52 582 1 (3mg cos 45°)
. N=100g—-Tsin37°=1009g — 5
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PHYSICS - Newton Laws of Motion, Friction

3mg|:i_i_i:|—3mgxi 66.
V2 52 52 J2
_2
H=5
67.
. Tsin45°
Tsin45°
(©) T 45 T
2Tcos45°
So 2T cos 45° =F 68.
6émg 1
2x x—=F
5V2 42
6m
~ F= Tg downward 69.
64. A)
T=0
1:rA
B A
T
m s m SE 70.
T T T T I
Hs > My u,mg Hs = Hy
Initially
F-f, =0 =t—pmg=0 =t=pu mg
[till or f , = u mg t—pmg=pnu, mg
t=2pu mg |
T=F- frA = frB
T=t—pmg="fg
t=pu/mg block be will not move
umg <t <2u mg block be will not move,
static friction will work 71.
after t > 2u_mg kinetic friction will work
q.F~HsMg—p, Mg
m
So T=F-p mg—ma aftert=2u mg
f
t
65. 72.
pu=0.3
foox=10N = f, o =45N

www.aviral.ac.in
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o

)

IfF=2N

there will be no motion

the required frictional force is 2 N

»

There will be no motion of 5 kg because
(f,>f)

The maximum F which will not cause mo-
tion

F=10N

©
Acceleration is zero
(For any value of F 5kg block will not move)

QY

10N «— 10kg —> 30N
5kg —> 10N
30-10 20 ’
CHES 0 - E—Zm/s
©
5m/sf---eenene-
&
0.2xmg
2.5sec

Fort<1sec . a,=2m/s?

and velocity of truck is 5 m/s

.. Friction will act after 1 sec due to rela-
tive motion between block and truck
5=2xt, t = 2.5 sec.

QY

(M+/m)gcos6 (M+m)g

For equilibrium condition

(M+m)g sin 6 = p (M + m) g coso

tan 6 =

Here u — coefficient of friction between
board & log.

QY

—> f = umg=2m

{a=pg=0.2x%10 =2}
acceleration = 2 m/s?
S0,4=2xt=1t=2sec

1
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PHYSICS - Newton Laws of Motion, Friction

73. (A, B)

f ~15=p.N

statiCyax

15 15 15
=N Tmg 25
Now let pu, then
15-f=ma =15-p, 25=25a
_15-2.5a

Mg ~ T o5 ...(D)

0.6

Now

5)?

10x2 4 4 5
=~ a= 55 =§:>a:§m/s
_15-2.5x4/5
B 2.5

1 1
x:ut+5at2:>10:O+E><a><

=0.52

My

74. ©

p=0.2

P |4kg
Q| _Skg
\pn=01
2x40=8N
1%x90=9N

_--)>F:

f,=0.

f,=0.
8

Max. acceleration for system a = 2 =2

m/s?

Minimum force needed to cause system to

move =9 N

75.  (B)

f=uN ‘l'
mg
Friction force will more then man will not
slip.
N is More
76. (A, B, 0

T

APTRRRRRRTRR TR T

uN

T—uN=ma

As T T man

Can have tendency
to move

77. ©

www.aviral.ac.in

www.aviral.co.in

[M—mn

Rough(u)

m
Smooth
mg>uMg
m=>uM

(A0

(A) m<uM

system is at rest T = mg
mg—T=ma=T=mg—ma
& T—uMg = Ma

= T=Ma+uMg

on analysing pMg <T <mg

(A, D)
.

Smooth| M
Rough(u)

78.

{m>uM}

79.
T

—_— hﬂ

F o

(A) WhenF =0
No frictin b/w m & M, so system move.
(B) When F is applied then friction devel-
ope a range for which M and m are sta-
tionary w.r.t M, such that
o

m or m

vf mg mg

(C) Limiting friction between M, & m is p
ma

. Dependent on a
(D) When Pseudo acts on Mis equal to T
thenf=0

80. (B,C)

Use Pseudo concept
T = Ma
T=f+mg =T=pma+ma
On using (1) & (2)
Ma = pma+ mg
__Mg
- M —pum

(1)
.(2)

_ My, + M+ m)mg

F
(B) then M—um
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PHYSICS - Newton Laws of Motion, Friction

(A) Net Possible becouse T >0

(only Possible when T = 0 at m block)
pma=mg=a=g/u

but T > 0, to move the upper block.
(©) Whenf=0

T=Ma, T=mg, a=mg/M

mg
F:(MO+M+m)V

when friction is zero, then only single velue T+ 235.2 = 588
of F for which both M and m are rest w.r.t T=588_235.2 =352.8
Mo- m = 35.28 kg
81. (A,B) 83. (B,D)
(A) If F = 0, the block connot remains f =N (Given)
stationary C .
(B) For one unique value of F, the blocks - 1= VN® + £ . _ _
M and m remain stationary with respect Acceleration to condition f =0 =f =N
to block M. 84. (A,B,C,D)
82. (B,0O) u=0.6
—_—
10 kg 20 m/s2
A\
0%

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

T=100 mgsin37°+ 0.3 <1009 cos 37° Force on Box

[Put g =9.8] F=200N

T=588 +235.2 N=200N

mg =823.2=>m =82.33 =83 kg f .. =uN=0.6>x200=120N

(B) frequired =mg= 10x10=100N

(C)  f, =+f2+N? =,/(100) +(200)> =1004/5N
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PHYSICS - Newton Laws of Motion, Friction

.

Exercise-lll

1.
—>a,

TZT
[B]>1 [2k]d
2 Kg J

T=2a, 40
—

1KgT T=a,

40 — 2T = 4. a, ...(D

T=a =2a,=»a, =2a, ...(2)
a, +a

a, = % ...(3)

a3=§a2 ....(d)
Solving eq" (1) (2) (3) and (4) We get
T=8N,a =8m/s?

a,=4m/s?

a, =6 m/s?

2. a.=a_ —a,

m|

m/2
A 2
a =(g9/6 -2a)
T-Mg-Ma (D)
2 2
T—-mg=m(g/6—a) ...(2)
Ea. (2) - (1)
_49 _ 13Mg

a 9 &T= 18 B

3. ()M +m=20kg i
(M+m)g=200N T Ta:Zm/sz
2T =200 N
T,=100N
(i) 2T— (M +m)
g=(M+m)a

2T=M+m)(g+a) M mg 8.
Lo 2010+2)

> T,=120N

T, =2T,=240N

A\
7\0\
@)
N
MI@\
X

www.aviral.ac.in www.aviral.co.in

Level - |
_ _9
length of oA =5, a= 2
1 1 9.,
= — 2 = —x—1t =
S 2at:>5 2X4 = t=2sec
(@ T, =20 N =kx,
(b) T—20=2a = 30-T=3a

On solving a = 2m/s?
T =24 N =Kkx,

(c)T-10=a
20—-T =2a
. 40
Onsolvinga=10/3m/s?&T = 3 N = kx,
_ 20 _ 24 133
SOXl— ?,Xz— ?,X:g— T

X, > X >X x:x2:x3:15:18:10

N =mg cosd = 2.5 g cos 37°

Nsin37° =F

F=25x 10 x cos 37° x sin 37° =12
Newton

“ 8kg

40N 40N

—>

8ON

T = 80N

50-40=5xa

a=2m/s?
40-mg=m, %2
10
m, = ?kg
Net force diagram
T
man
2T 50kg
| |
40kg
3T =900 N, T=300N
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PHYSICS - Newton Laws of Motion, Friction

10.

11.

12.

www.aviral.ac.in

4
50
N =50 cos 37° + 25 sin 37° =55

Ncos37°

—-—>
3 m/s2 N

37°

¥ 3sin37° = acos37°

a=4m/s?
9
= —m/s?
a= 2
Nsin37°=1x3
3
Nx§:1x3, N=5N
9
mg—500337°=m><z
16
= —K
m=31"9
F30tN
10t
10tY 10t
20t

[m ][m. ]

m, =4kg m, = 1kg
20t=40= t=2sec

Net force on 40 kg block = 4F, —F,

_4F,-F,

S0&., = "4

11
att=2sec F,=10;F =30; o= m/
sec?

10
t =4 sec F,=20;F =30;a,= Tm/
sec?

11
t=0->2 v=1.5+Z><2=7m/s
10

t=2->4 v=7+7.2=12m/s
v=12m/s

13.

14.

15.

16.

www.aviral.co.in

1
So a =Em/82¢,a8=4m/52¢

A

uyl e = pf2
T+ +Kx
4

i v
mg
k¢
T=mg—kx=mg—?
IfK>=2mg/¢! ,Kx>mg

T=0

T-mg=m, Am = [mAaA +mga, + mcac]
T=mg+m,a, +ma,+m.a,
=330+10%x (-2) +15%x1.5+8x%x0
=330+ 22.5-20

=332.5N

Where m_— Total mass = 10 + 15 + 18=33
Kg.

a,=0m/s?

@ iﬁiﬁﬂﬂw

(M+m)g
2T — (m + M)g = (m+M) a,
(m+M)(g+a)

(©)
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PHYSICS - Newton Laws of Motion, Friction

2T=mg, T= %(yes)

(d)

3T-— (m: +M)g

= (m+Ma, T= (m+M;(g+a)
'lr\|+T

(e) j

®

pn, =0.5
17. (A) =0

< fstaic = 25N
< fiinetic = 20 N

S0 a=20=20 _ /s
- 50
N=70 30’ -
B > 40
() 0
u, =05, n =0.4
fstatic = 35 N’ fkinetic = 28 N
a= 40-28 =1.2m/s?
10
(C) g = ug = 0.6 [LOkg T

f T

f .. =0.6x10 x 10 = 60

max

T=>5¢g = T=50
f.>T
a=0m/s?

m
18. N = Eg = f=um
If friction coefficient is

www.aviral.ac.in www.aviral.co.in

19.

20.

21.

22.

23.

m/3
2//3
u then Mmg=zmg
3 3
=2
H ‘1’2/3mg
Hmg< l B | F umg

When F > p.mg

Then block B is move

F-pmg=ma

Block a does not move for any value of F

3 m
—umg=mg/4 9
gHma=mg 25%
1 0.33

=3 =% mg/4
06 = angle of Repose

1 .
volume of cone = h
h=rtan©
and for just sliding R

mg sinb = umg coso

h
tan9=p=? 0
y

T=50N
Component of force (in y direction)
T 150
N = E+f = N=200/,>
. MZOO
V2

Component of force in x direction
150 T

—=—xf
V2 2
150 50 _ux200 .
V2 V2 2 - M7
s
.\'3,’1 "
g%\i;oosrg\

T=gsin37°+pugcos37°, T=mg
m =sin37° + ucos37° =1 Kg
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PHYSICS - Newton Laws of Motion, Friction

24.

25.

26.

27.

www.aviral.ac.in

2kg f

Veass
f=5N
Acc. of block 1 Kg =5

N o

Acc. of block 2 Kg =
final velocities block

5
Here 1Kgisv, and 2Kgisv,andv, = Et
and v, =10-5t

5 4
—xt=10-5t = —SecC.
= 2>< , t 3

mg 37°
mg sin 37° —N sin 37° —fcos 37° =mg sin
37°
N. sin 37° = —fcos 37°

R
- = —pu. N. 5
Lo 4 3
-5 =N ¢ = = 2

Zkg '—>fmax1
1:max1<——

T

2kg —>
1:max2<__
f..=20x06=12N
fox, =40>x0.4=16N
T—-12-16=2xa=T-28 =2a
fmaxlzzamax
[12 = 2a, a = 6m/s?]
T=40N
W.r.t train
mg - uma =ma,

1
...a=41 = —
(raa)wu-1]

M=

ma pmaao
mg

28.

29.

30.

31.

www.aviral.co.in

.

a,=g—ux4=10-2=8m/s?

1 1
= + — at? = = x8x
S =ut 2at = 1 5 8
t2
t =2 sec

Condition for move the body

1
2t=pmg=5><2><10

_ _d’x
t, = 5 sec a—F
5sec<t< 10 sec
—>a
2 —>2t
10¢€
2t=10 + 2a
dv
= (t — —=t-5
a=({-5) = gt
t? 25 t* 5t° 25
=—-5t+— X=—= =t
V=3 LN 6 2 2
att = 5 sec.
_125
x——6 m
f=0.8x50=40N
50— T —40 =5a
T—-40=4a = a=-—ve

.. this direction is not possible
40-T=4a = T—-90 =5a

a=-ve .. this direction is not pos-
sible.
~a=0 = =107
=0.2 2kg
’ f At r = o5
! | B =8kg |
u=0.5 T
fl —0.2%x2x10=4
fona = 0.5 %10 x 10 = 50
firstly applied f, then f,
Heref,  =>25 = Sof =0
10kgT—20
a =2m/s?

max

F=m_xa__ (block moves together)
F=15%x2=30N
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PHYSICS - Newton Laws of Motion, Friction e:

Exercise-lll Level - 1l
1. T-0.2g=0.2a ..(D)
mg—-T=ma ...(2)
adding(l)and(2) mg—2=(m +0.2)
a
mg-—2
a=
m+0.2 ~+(3)
Particle B moves downwards with a
acceleration so 1300 1
N
’ Now 2(Tcos30°)cos¢=N
V3 ( 1
2xTx—| —|=2 _
T 2 3 = T=2N
a Tl 3
AQ02kg |g 3. First find out acceleration of A so for this
g ?’“ = a=20-2F, = 20-2x8
' m9 o25m a,=4m/s?
1 Now use pseudo concept (in which A is
0.25 = -at? non
2 inertial frame)
_1({mg-2 2 . F,
0.25 = E(m +O.2j (0.5)° [Given t = 0.2 sec] - 2 L s ma,
= m=0.3kg —
Now put value m=0.3 kg iseq. (2) & (1) 50cm
«—>
We get a =2m/sec?, T=2.4N 2F F,=8N
When B touch the ground at this time F =20 N _ _26 )
velocity of partical A is 1T ¢ B | 1kg
v =2(0.5) =1 m/s?
It move upward untill the velocity of A is A=1kg |

2ere. =  8-4=4m/s®
= 0=1-gt, t=0.1sec
B remain at rest on ground for t' = 2t Now S0 1 4,42
t'=2x0.1=0.2sec 100 2
1
t=—=0.5sec
2. >
4. formanof massm, a,c=anr *+arc
R 2R ay,c =(1.2+a)
" 4
x| for man of mass m, a,, g =amr +arc
G T = (2 — a), So now
“T2R T-mg=m,(1.2+a) ...(D
xcos® =R
2R
=— CoS¢ =
V3 o
Now  3Nsing =mg aT T
2.6 26
N=Y2 _ N2 - m.=60Kg
Ssine 3 12 ZT a, g =2m/s?
ﬁ amg =1.2m/s o m,R =
1
N=2N =40kg
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PHYSICS - Newton Laws of Motion, Friction

T-mg=m,(2-a) ...(2)
Solve eq. (1) & (2) and put m, = 40 kg
m, = 60 kg
you get a=2.72m/s?
T=556.8N
5. Initial m, =>2m,

.

after cutting

=>mya=mg/2-myg=as= (mlz_zmz]gm/
2
s2?
6 Initial After cutting
3mg
T
N
3mg
o s lBg/Z
) 2mg

2mg—T = 3mg/2

T =2mg — 3mg/2
=mg/2

www.aviral.ac.in
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a, = 3mg-mg
m
(b) =2g71
m
a.=0,T=0
© % =%
_3mg-2mg g 2
2m 2
T-mg=mg/2
T=3mg/2
a, =g
= T+Ma=Ma, (1)
2Mg-T =2Ma, - (2)
{N = 2Ma} T-2Ma=5Ma
T
T a (
m
5M oMeE— L2 | V&
2 -
T=7Ma ...(3)
Using eq. (1), (2), (3)
2
a=—
we get 53 9
desina = jdmg ..(1)

ZZT.sindO:Ncosa

ZZT do =Ncosa

ZZT(d—XJ =Ncosa
R

2T (nR/R)=Ncosa
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PHYSICS - Newton Laws of Motion, Friction @:

f =Nsin6 =mgcos0sin6
=  u(mgcos? 0 +Mg) = Mgcos 0sin®

_ Mgcos6sin6
Mg cos? 6 + Mg
10 at t = 1 sec it start slipping so.

at this moment acceleration of block = n_g
t =1 sec a=4(t) =4(1) =4 m/s?

2nT=Ncosa ...(2) = 4=pg = pn, =04
from (1) & (2) Z(;}X v =2t
T cosamg
27 after that at t = 1 sec v = 2m/sec.
at t = 2sec v =8 m/sec
after wards a =0 so at t=3secv=
8 m/sec
a, =9 (sliding), v =u+ at
2+1 2 6 __
= 8=2+101(2) 10x2 "k
15 10cm p, =0.3sec=
10
—xTcm p=0.5
=T 15" 1 1kg|,~ 0
Y H=Vu.
Excotamg _1em 2kg [~
15 2n 3kg
9 (E)) Using pseudo concept II71777777 7777777
N
N kg ] St-sn
f, = BNe—]
1 2kg 4
(pseudo) M force on 3 kg block
>a 3kg +—> 6N =1,
When N=0 maximum acceleration of block of mass 1

kg =5/1 =5 m/s?

a=gcoto . .
= 9 maximum acceleration of block of mass 3
(b) kg = 6/3 = 2 m/s?
= N;=Ncos6+Mg = f=uN; So block move together only when
— u(N 0+Ma) - N= 0 acceleration of all the block is not greater
pu(Ncos 6+ Mg) mgcos than 2 m/s?

6<— 3kg —— F

3kg ——6

F-6=3%x2 = F=12N
Now sliding starts in both block when
acceleration is greater than equal to 5 m/
52

6¢<— 3kg —> F
3kg
F-6=3x5 = F=21N

= f=p(mgcos?0+Mg)
Wedge not move when
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PHYSICS - Newton Laws of Motion, Friction

When F = 18 N block 1 kg & 2 kg move

together.
A -1k —>f,
LN 2kg F=18N
6N B g -
c|] 3kg ——>6N= f,

6N<—— 3kg

——> F=18N

So 3kg

56N

a, =6/3=2m/s?
common acceleration

= a=4m/s?

= 1kg f=2? f=4N

www.aviral.ac.in

f=6N
=18-6=3x a
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PHYSICS - Newton Laws of Motion, Friction

www.aviral.ac.in

Exercise-1VV

©

The free body diagram of the person can be
drawn as

Let the person move down with an accelera-
tion a then

T
.
Person
60g
60g-T=60= 60g-T_ _ =60 a_,
60g - 360 2
or &, 60
B)

The system of masses is shown below. From
the figure.

T, T,
C B A F
F-T,=ma 0
and T,-T,=ma ...(i0D)
Eqg. (i) gives,
10.2-T,=2x%0.6
= T,=10.2-1.2=9N

© o
As the string is
inextensible, both
masses have the same
acceleration a. Also,
the pulley is massless |
and frictionless, hence
the tension at both
ends of the string is the
same. Suppose the
mass m,, is greater than
mass m,, so the heavier al @

mass m, is accelerat-

ing downward and the m.g
? 1
m.,g

lighter mass m, is ac-
celerating upwards.

Therefore, by Newton's 2nd law

T-mg=ma (|)
mg-T=m,a ...(iD)
After solving Egs. (i) and (ii)
_(m-m) 9 _
a= (mi N mi) 9=3 (given)
g_ mz(l_mllmz)
So, g~ m,(L+m, /m,) 9 ... (iii)

www.aviral.co.in

. B

Level - |
ml
— =X
Let, m,
Thus, Eq. (iii) becomes
1-x l
1+x 8
/ m _9
or X-= 5 or m, 7
So, the ratio of the masses is 9:7.
(B) _
Using the relation
2
mv_ _ LR, R =mg
r
2
= =umg or Vv® =purg

= v?=0.6x150x10

or v=30ms?

Again from Eq. (ii), we get

9-T,=2x0.6

= T,=9-1.2=7.8N

) _ _ _

The particle remains stationary under the
acting of three forces F ,F, and F,, it means
resultant force is zero,

F, = —(F, +F,)

Since, in second case F_ is removed (in terms
of magnitude we are talking now), the forces

acting are F, and F, the resultant of which
has the magnitude as F,, so acceleration of

. N . . .
particle is El in the direction opposite to

that of F,.

®)
A+B=18 (i)

12 =y/A2 + B2 + 2AB cos 0 ...(ii)

Bsin0
tano=———
A +Bcoso
Bsin0
A +Bcoso

= tan90°=

= 0059=?A ...(iiN)
Solving Egs. (i), (ii) and (iii)), A=5N, B=13N

©

Apparent weight of ball
w'=w -R

R = ma (acting upward)
w'=mg-ma

=m(g-a)
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PHYSICS - Newton Laws of Motion, Friction

10.

11.

www.aviral.ac.in

Hence, apparent acceleration in the lift is g-
a. Now, if the man is standing stationary on
the ground, then the apparent acceleration
of the falling ball is g.

)

Here, thrust force is responsible to acceler-
ate the rocket, so initial thrust of the blast
=ma

=3.5x10*x% 10

=3.5x10°N

Q)

The arrangement

is shown in figure.
Now, draw the

free body diagram

of the spring

balances and block.
for equilibrium of block,
T, = Mg

where T, = Reading of
S, For equilibrium of S,.
T2 = Tl

Light
spring

S
. balance

Light
spring

B~ 4

Where, T, = Reading of S. balance
S, For equilibrium of S,
T,=T,
T, T2
t 1
'F
Sl Sz Block
mg
T, T,

Hence T, =T, = Mg
So, both scales read M kg.

&)

Let acceleration of system (rope + block)

along the direction of applied force. Then
—a

P m
a- _M=r
Frictionless

M+m
surface i
Draw the FBD of block and rope as shown in

figure M

Where, T is the required parameter.
For block,

T = Ma

~ T- MP
M+m

©

Here B is implying A but A is not implying B,
as kinetic energy of a system of particles is
zero means speed of each and every Particle
is zero. which says that momentum of every
particle is zero.

12.

13.

14.

15.

www.aviral.co.in

.

But statement A means linear momentum of
a system of particles is zero, which may be
true even if particles have equal and oppo-
site momentums and hence, having non-zero
kinetic energy.

©

Let coefficient of friction be pu, then retarda-
tion will be ug.

From equation of motion.

Vv =u +at

= 0=6-ug %< 10

6
- % _o0.06
or H=700

&)
Let R be the normal contact force by wall on
the block.

[
10N R
W
R =10N
f=wandf=puR
S uR=w
or w=0.2x10=2N

((®))

Resultant force is zero, as three forces on
the particle can be represented in magnitude
and direction by three sides of a triangle
in same order. Hence, by Newton's 2nd law

- dv
(F =maj , Particle velocity (y ) will be same.

)

In stationary position, spring balance read-

ing =>mg =49
‘,,
§ ;
i

49
www.aviralstore.com

m=—=5k
or 98 9

When lift moves
downward.
mg-T=ma
Reading of balance
T=mg-ma
=5(9.8-5)
=5x%x4.8
=24.0N

D <—
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16.

17.

18.

19.
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S

Let mass of the block be m.

. 0
mg sin 30 mg cos 30°

mg

Frictional force in rest position

F = mg sin 30°

[This is static frictional force and may be
less than the limiting frictional force]

2x10
10

lO=mx10x% or m= 2kg

Q)
On releasing, the motion of the system will
be according to figure.

mg-T=ma ..(i)
and T-m,g=m.a ...(ii)
On solving

_|m -m,
a—(mJQ ...(iiD) *
Here
m, = 5kg, m, =4.8kg, al AT TA Ta
g=9.8ms2

5+4.8 m,g
0.2 !

x9.8=0.2ms™?
8

(D)

The force exerted by machine gun on man's
hand in firing a bullet.

= change in momentum per second on a bul-
let or rate of change of momentum

_[_40 ). 1200-48N
1000

The force exerted by man on machine gun
= force exerted on man by machine gun
=144 N

©

According to work - energy theorem,
W=AK=0

== work done by friction

+ work done by gravity =0

= — (umgcos ¢)I§ +mglsing =0

or %cosd):sind)

20.

21.

22.
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or p=2tand
QY
When friction is absent
a, =gsino

1 .
" Sl = Ealti (|)
When friction is present
a,=gsin 0 - pgcoso

1 ..
S, = Eaztﬁ ...(i0)
From Egs. (i) and (ii)
1 1
Eaﬁf = Eaztg
alti = az(ntl)2 (.t =nty)

— N2
ora, = n%,

jiz gsin® - p,gcoso _ 1

a gsin® n
gsin45® —p,gcos45’ 1
gsin45° n®
1 1
or l-p=— or pw=1-—
n n

D)
Since o is constant, v would also be con-
stant. So, no net force or torque is acting on
ring. The force experienced by any particle is
only along radial direction, or we can say the
centripetal force.
The force experienced by
inner part, F1 = me?R;
and the force
experienced by
outer part,
F,= mo’R,

Fl _ Rl
F2 R2

=

®))
Given, m=0.3kg,x=20cm
and k=15 N/m

F=-kx ...()
and F=ma ...(iD)
: ma = - kx
—a=- 1Zx20x10'2

a= —%x2=—10ms‘2

.. Initial acceleration, a =10 ms=

www.aviralstore.com
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23.

24.

25.

26.
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®)
o v? 100 x100
2n0g 2x0.5x10

~100x100
~ B5x2

(D) _
In the frame of wedge, the force diagram of

block is shown in figure. From free body dia-
gram of wedge.

=1000m

ma CoSs a N

For block to remain stationary.
ma cos o = mg sin a
or a=gtana

©
This is the question based on impulse mo-
mentum theorem.

F.At|=|change in momentum

= Fx 0.1p; —P|

As the ball will stop after catching ;
P,=mv =0.15x%x20=3,P=0
= Fx0.1=3 =

(8))

The situation is shown
in figure. At initial time,
the ball is at P, then
under the action of a
force (exerted by A
hand) from P to A and
then from A to B let
acceleration of ball dur- 5
ing PA is a ms? [as-

sumed to be constant]

in upward direction and

velocity of ball at A is ¥
v m/s.

Then for PA,
vZ=02+2a % 0.2

F = 30N

For AB, 0 = v2 - 2xgx2 P
=>v?=2¢g %2 2
From above equations,

a=10g =100ms=

27.

28.

29.

30.
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o B

TaleQ

Then for PA, FBD of
ball is F- mg=ma
[F is the force
exted by hand on ball]
=>F=m(g+a)

=0.2(119) ma
=22N
Alternate using work energy theorem
W +W, =0
==-mgx2.2+Fx0.2=0
or F=22N

()

Here, the constant horizontal force required
to take the body from position 1 to position 2
can be calculated by using work-energy theo-
rem. Let us assume that body is taken slowly
so that its speed does not change, then
AK=0

:WF + WMg + Wtension
[symbols have
their usual meanings]
Fl 45°\|
— H 0 — ——
W_=F x |sin 45° = @
W,,, = Mg (I-I cos 45°),
[¢]
Wtension = O
- F=Mg(2 -1) 1
il
© i
Acceleration of system, Mg
_F
T m+M

k
MF

So, force acting on mass,

F=ma

_ mF
“m+M

()

mg sin = ma
.a=gsin6

where a is along the inclined plane

.. Vertical component of acceleration is gsin0
.. Relative vertical acceleration of A with re-
spect to B is

g (sin?60°-sin%30°)

= g =4.9ms ™ (In vertical direction)

®
From the graph, it is a straight line so, uni-
form motion, Because of impulse direction of
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velocity changes as can be seen from the

slope of the graph

. ) 2 4
Initial velocity v, = 5= Ims

. . 2 a1
Final velocity Vv, = 5= -1ms

P =mv, =0.4N-s

P, =mv, =-0.4N-s

J=P,-P =-0.4-0.4 =-0.8N-s
(J=impulse)

‘j‘ ~0.8N-s

www.aviral.ac.in

31. (D)
F, = mg(sin 6 +pu cos0)
F, = mg(sin6 - u cosb)

. F _sin6+pcoso
F, sinb-pcoso
tanO+u  2u+p _3

=tan9—p 20—

www.aviral.co.in
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Exercise-1VV

1. w.rt B

A

0.1x10xcos45°

e
e
<t 3 1>

when stringcut T =0
= ma,=mg

a, =g
3mg—-2mg=2ma,
a =g/2

3. 20—-6—-4 =
a=10 m/s?

4. (B)

T cos 6 = ma F=2Tsin0

F coso F
a=——. =——coto
2sin® m 2m

10.
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o

Level - |1l

®)
Due to inertia particles left at their places
when we pull the clock suddenly.

®)
AV > Fcoso
i N
¥ 1

Fsin® m

mg

[N=mg+Fsing]

Fsin6
™40
m

v

mg

>Fcos0

[N=mg—-Fsing]
f=uN

®
QY

mg sind + umg cos6 = 3
(mg sind — umg coso)
sind = coso at 45°
1+p=30-pw
u=2=u=0.5

N=10
n=>5
(A, ©)

Components of 1N force : 1cosg along
the incline opposite to mgsing and 1sing
perpendicular to the incline.

If 9 =45 the cosg=sing.

If 9 >45 then cosg <sing so frictional force
acts towards Q.

If 9 <45 then cosg >sing so frictional force

acts towards P.
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