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PROBLEMS

4.1 Find the resultant of the following forces:
(i) 10 N along x-axis
(ii) 6 N along y-axis and

(iii)4 N along negative x-axis. (8.5 N making 45" with x-axis)

Solution: F. = Net force along x-axis = 10.4 =6 N
Fy = Force along y-axis = 5 N
Magnitude of the resultant force =F=2
F=VF2+Fz2
F=(6)2 + ()2
F=+36+36
=v72=8.5N
Now, 8 =tan'=F,/Fx
B=tan'=6/6
8 =tan' (1)

B = 45 with x-axis

4.2 Find the perpendicular components of a force of 50 N making an angle of
30° with x-axis. (43.3 N, 25 N)

Solution: Force F=50N
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Angle 8 =30
Frk=2and F, =2
Fx=FcosB
F« = 50 x cos 30
=50 N x 0.866 (. cos 30 = 0.866)
Fr=433N
Similarly, Fy,=FsinB
Fy =50 % 0.5 ("." sin 30 = 0.5)

F,=25N

4.3 Find the magnitude and direction of a force, if its x-component is 12 N and y-
componentis 5 N. (13 N making 22.6° with x-axis)

Solution: Fxk=12N
Fp=5N

(i) Magnitude of the force =F = 2
(i) Direction ofthe force=6=7¢

F=F2+F2

F=v(12)2+ (5)2

F=144+25

F=13N

(i) ©=tan'=F,/F
@=tan'=12/5

0 =tan' (2.4)

8 = 22.6 with x-axis
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Angle 6 =30
Fx=2andF,=¢
Fx=FcosB
Fi =50 = cos 30
=50 N = 0.866 (. cos 30 = 0.866)
Fx=43.3 N
Similarly, F,=FsinB
Fy =50 = 0.5 (."sin 30 =0.5)

Fy=25N

4.3 Find the magnitude and direction of a force, if its x-component is 12 N and y-
component is 5 N. (13 N making 22.4° with x-axis)

Solution: F,=12HN
F,=5N

(i) Magnitude of the force =F =2
(ii) Direction of the force=8=2¢

F=vF2+Fz2

F=(12)2+ (5)2
F=+144+25
F=13N

(ii) 8=tan'=FK/FK
B=tan'=12/5
B =tan’' (2.4)

8 = 22.6 with x-cxis
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4.4 A force of 100 N is applied perpendicularly on a spanner at a distance of 10
cm from a nut. Find the torque produced by the force. (10 Nm)

Solution: Force=F=100N
Distance=L=10cm=0.1m
Torque T=7%
Torque T=F x L
=100N=0.1m

= 10 Nm

4.5 A force is acting on a body making an angle of 30° with the horizontal. The
horizontal component of the force is 20 N. Find the force. (23.1 N)

Solution: Angle 8 = 30 (with x-axis)
Horizontal component of force F, =20 N
Force F=%2
Fx=Fcos8
20N =F cos 30
20N =F x 0.866 (. cos 30 = 0.866)
F=20N/0.866=23.09

F=23.1N

4.4 The steering of a car has a radius 14 cm. Find the torque produced by a
couple of 50 N. (16 Nm)

Solution: Radivs=r=L=14cm=14/100m=0.16 m

Couplearm=L=16cm=146/100m=0.16 m
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Force=F=50N
Torque T=72
Torque T=F x L

=50N x (2x0.14)

=16 Nm

4.7 A picture frame is hanging by two vertical strings. The tensions in the strings
are 3.8 N and 4.4 N. Find the weight of the picture frame. (8.2 N)

Solution: TensionT) = 3.8 N
Tension To = 4.4 N
Weight of the picture frame =w = ¢
When the picture is in equilibrium, then
Yy Fe=0 and YF=0
Therefore T-w =0

Or (T +Te)-w=0

Ti+Te=w
38+44=w
W=82HN

4.8 Two blocks of mass 5 kg and 3 kg are suspended by the two strings as
shown. Find the tension in each string. (80N, 30 N)

Solution: Mass of large block =M = 5kg
Mass of large block=m =3 kg

Tension producedin each sting=Ti =2 and Tz:= 2
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Ti=wi + w2

T\=Mg+mg
Ti=(M+m)g
Ti=(3+5) x 10
=8=10
=80 N
Also, T2=mg

Ta=3x%10=30N

4.9 A nut has been tightened by a force of 200 N using 10 cm long spanner.
What length of a spanner is required to loosen the same nut with 150 N force?
(13.3em)

Solution: Force = F =200 N
Length=L=10cm=10/100=0.1m
Length of the spanner to tighten the same nut:

Force=F,= 150N

Length = La= ¢
Since T =Tz
FixLi=FyxLs

200 = 0.1 =150 x L2
20=150 = L2

L2=20/150=0.133m=0.133x 100 = 13.3 cm

4.10 A block of mass 10 kg is suspended at a distance of 20 cm from the center
of a uniform bar 1 m long. What force is required to balance it at its center of
gravity by applying the force at the other end of the bar? (40 N)
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Ti=w1 + wa

Ti=Mg+ mg

hi={M+mjg

Ti=(3+5) % 10
=8 x 10
=80 N

Also, Ta=mg

To=3=10=30N

4.9 A nut has been tightened by a force of 200 N using 10 ¢m long spanner.
What length of a spanner is required to loosen the same nut with 150 N force?

(13.3ecm)
Solution; Force=Fh=200H

Length=Li=10cm=10/100=0.1 m
Length of the spanner to tighten the same nut:

Force=F,=150N

Length=l2=¢
Since =Tz
Fi xLi=F = Ls

200 x 0.1 = 150 = L2
20=150 = Lg

Lz=20/150=0.133m=0.133 % 100=13.3 cm

4.10 A block of mass 10 kg is suspended at a distance of 20 cm from the center
of a uniform bar 1 m long. What force is required to balance it at its center of
gravity by applying the force at the other end of the bar? (40 N)
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Solution: Mass of the block =m = 10kg
Length of the bar=1=1m
Momentarm ofwi =Li=20cm=0.2m
Moment arm of wa=L:=50cm=0.5m
Force required to balance the barF. =2
By applying principle of moments:
Clockwise moments = anticlockwise moments
Fir=Li=F =L
mg x L= Fzx Ly
(10x10) x 0.2= F2 x 0.5
20=F:= 0.5
F,=20/05=200/5=40N
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