SOLUTIONS
NLM AND FRICTION

Forces from ground causes horse motion.
Weight = mg
asg=0,w=0

Vo€ ——

Jm

Ap = 2 mv cos0

dp dm
F == 6 e
: (2vcos6) -

—4_—

The mass crossing an area in t would be
vX txax d=m..(1)
For small element

d

T _vad F = 2av?d coso
dt

For constant velocity, 3 =0, or F=0

Thus F,+F,+F, =0

:)

Fy =[5+ 2= 4k) (-89 34

!

or IE 2—(151 +

w

= —(-21+10§-7k)=(2i - 105+ 7k )N,

3 =-12sin30°1 - 12c0s30°] =-6i-6+/3].

By Newton's law, we have
20i+F =2 x(-61-63])

. F=-321-21jN.

J =My, - v)

or 50 x5+ 75 x5 =16(, - 0)
v, = 39 m/s.

_ 0.2x20 _
0.5

E 8N

10.

11.

12.

13.

14.

F-vim

dt
F=1x5
ma =5

5
4T 2
a=2.5m/s?
Mg = n x2mV

1 x9.8=10x2 x0.05xV

9.8

VZT:9.8 m/S

2
I:_[ Fdt = 500t — 1O§t

5 :{10cos60°

2+3
and T=ma=2x1=2N.
For 8 kg block,

}:lm/s2

8kg ~

T=05x8g
and for bucket, 2T = mg
m = 8 kg

mass of sand added = 7 kg

F = T2 +(T +mg)’

T
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15.

16.

17.

18.

19.

20.

21.

10—
:( O 8)g ng/sz
10+8 9
Tension in the string
T=mg-a) =4g-g/9

:4x§g:@1\]
9 9
a :Fcos60°: F :i
* M 2x10 20

Thus 3=(2+1)x%

F=20N.
Acceleration of blocks

__Mg
m+M
Tension in the string/spring

T—ma— mMg
m+M
T M
Extension in the string, x = % ﬁ

i
A

The force exerted by rope on the block

F:Ma:( P ]

M+m

_ Mgsin6 ~Sgno
(M+M) 2

T :Ma:%sine

mg - T = ma

mg—m—ma
or 1
a =g/4 m/s?
. R
Tcoso=W ; Tsin6=R ; tane:W
T2 = R + W?

also as for equilibrium R+ T+W =0

22.

23.

24.

25.
26.

27.

28.

29.

The system, as a whole, will fall towards ground under
gravity. The spring will neither be compressed nor
stretched regradless of the values of m, and m,.
N =m(g -a) = 0.5(10 - 2) = 4N

According to question sin® = 1/x (1 in x)

So tan® = 1
V% -1 N S
I
. <&
To keep the block stationary

o

. . . .6\":’ ‘\
relative to the inclined plane e . mgcosd

mg 4 masin®

mgsin® = macoso

g
a=gtand = a= 2 _1
Increased
F =10 x4 = 40N
40N4—20kg __200N
- .
160

e 2

a=55= 8m/s

In case (b) entire tension = 2mg, hence accelera-
tion is more.

Let horizontal velocity of block is u

T
__e =
UCOS[ ] v

v
u=—-—-
sin®

Let the block moves upward with velcity

ucosd =V

v
u:
cos6
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31.
37° 53°
T
37° NOA53
vT
200
In equilibrium Acc to Lami's thearum
200 _ T, ‘
sin(180-90)  sin(90+53) [sin(90+0) = cos]
200 T, B
1 cos53 Ty= 120
Kx = 120 = K x4/100 = 120
K = 3000N/m
32. T,-mg=mx2 T, =mx12
T, = mg T,=m x10
mg - T, =m x4 T,=m x6
T,:T,: T, = SEESESS
F
33. a-=

my + My + My

For m, to be at rest wrt m,

m,g = maa

F
m,g m|————————— =
2 1 m1+m2+m3

. my
= (m, + m, + m,) le
34. Tension in string
2m;myg 2x2x1g

- my +msy 3

Thrust on pulley

8
F. =44

Thrust 3
.. Reading of spring balance should be less than
3kg-wt
35. Unchanged, both have same accleration always.
36. In(A)T=kx, =2g

g 12
In(B)T=kx2=3g—3><§= T 9
g 4
In(C)T=kx3=2g—2x§=§g

2mymy(g+g) _ 4mymyg

37. my + Moy my +m2
In terms of w
4W1W2
= W1 + Wy
F p
38. m 3m : 5m
Let a be the common acceleration of the system
a=_ & _F .
m+3m+5m 9m -~
. P =(3m + bm)a
16 = 8ma [-- P = 16N(Given)]
2
a=— ..... (i)
m
Substituting this value of a in eqn(i), we get
F=18 N
PY 1
m 3m g 5m F
P' = ma = 2N (- a=2/m)
Q=Bm+mla=4ma=4x2N=8N
* None of the given option is correct.
_Ap  2mysin30° 2x0.5x48 1
39. Rw=TF=—7 =gljz “z-%N

40. during up the incline and down the incline constant
forces respectively would be used.

41. Change in momentum,

= Area of F-t graph

=(l x2 x6)-(3 x2) + (2 x3)

2
=6 N-s
42. Impulse = ‘Fp‘ = m‘W‘ =m(V cos60°) = mTV
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43. Before cutting the string :-

4mg %
A B
mg T 3mg
T = 3mg
After cutting the string :-
4mg
A B
mg 3mg
4dmg —
o, ~dmg-mg o
m
- 3mg
" 3m
45. f =puN
=06 x20g=120 N
Now & 120-0.2x20g _ dim /e
20
46. f = pN=04(25-9) =64 N

External force is 6 N and so block will not move.

So frictional force = 6.0 N.
47. 10 = mgsin30°
m = 2 kg
48. Qcos0+ mg=N

P + Q sin6 = uN

_ P+Qsin6
~ Qcos0+mg
49. T
12N ‘ 30°
W
T cos30°= 12 ..
T sin30° = w )

tan30° = w/12

1
w=12x$=6.92N

50.

51.
52.

53.

p(ma)>=mg a

Y
T |«

Coefficient of sliding friction has no dimension
FBD w.r.t. wedge

Mae, b

Hy ILG

W, = m;g

—

For the motion of both blocks

myg — T = mya

(m, —w,m;)g

- - a=
T-pw mg=mpa= m, +m,

For the block of mass 'm,

m, — 1,m
ng_T:mz{ini :lrl;l 1}9
1+ My

m, — 1, m
T=m,g- {w}ng
m; +m,



NLM AND FRICTION

54. 55. Let the length of incline is d
Case I : for rough incline plane
a_ = gsin45° — pugcos45° = il (1;“]9
T ng =5 "\
2d
time taken to slide down (t) = o
Case II : For smooth incline plane
. qge. 3
a, = gsin45° = N
2d
Here, m, = 2.0 kg, m, = 4.0 kg, m, = 6.0 kg, & =43
F=120 N
Acc t ti
Let a be common acceleration of the system. e
t =t %2 = t2
The equation of motion of block 1 is Th=h > T !
T, - m,gsin60° = m,a () nz[ 2d J _ 2
The equation of motion of block 2 is /N2 [{;;jg
T, - T, - mgsin60° = m,a ) 1
The equation of motion of block 3 is n® = 1-p
F - T, - m,gsin60° = m,a ....(iii) 1
= pn= 1 — —2
Adding (i), (i) and (iii), we get n
F - (m, + m, + m,) g sin 60° = (m, + m, + my)a 56. mg sinf = p mgcosH
sin0 = pcoso ...(0)
L F —(m; + m, + m,)g sin 60° when pushed up
m; +m, +m,
acceleration (a) = —(gsin0 + pgcoso)
From equation (i) = —(gsin0 + gsin0) = —2gsin0
T, = m,gsin 60° + ma V2 —v% =2(@)xs
_ m, [F —(m, + m, + m,)gsin 60 +m,gsin60° Final velocity v = 0
m,; +m, +m,
—v,2 = 2as = -v,? = 2(-2gsin6)s
T, m,F _2x120 _ 20N V2
m; +m, +m; 12 s=——0
2(2gsin 0)
E tion (i
rom equation (iii) 57. a, = a,
T2 =F- m3g51n600 —msa F-12 12
. 10 a4
T,= F—mggsir160°—m3(F —(m; + m, + m;)gsin60 J
m; +m, +m; F—12_3
(m; +m,)F 10
T.= ,+m,+m, = 6ON F-12 = 30
F=42 N
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58.

59.

60.

61.

10g = p (10 + m)g

10 = p (10 + m)
10 = 0.5 (10 + m)
10 + m = 20

m = 10 kg

Limiting friction between B and ground
= 0.45 + 10) (10) = 60N

=5 acceleration of B is zero.

Therefore acceleration of block A

i, :50—0.8(5) (10) PPN
5
F
a:7 for block A
2x§:0.6x2x10 . F. 49N

T =Myg=p(M; +m)g

M2 :“(Ml +m)

6 =044 +m) =11 kg




