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0.1

Consider the following figure:

• Select the necessary conditions for equilibrium of the object
shown in the figure above and the torque about an axis through
point O.

1. Fx + Fy = 0

2. Fy +Ry − Fg = 0

3. Rx +Ry = 0

4. Fyl cos θ − Fg(l/2) cos θ − Fxl sin θ = 0

5. Fx −Rx = 0

6. Fy(l/2) cos θ−Ry(l/2) cos θ−Fx(l/2) sin θ+Rx(l/2) sin θ =
0

Conditions of equilibrium are :
∑
Fi = ma and

∑
τi = 0

Projecting the first on the x-axis and y-axis should give:

Fx −Rx = 0

and
Fy +Ry − Fg = 0

For the torques, we can choose the counter-clock direction as the positive one.
Fg doesn’t contribute as it’s on the rotation axle. We have:

Fy
l

2
sin(

π

2
− θ) −Ry

l

2
sin(

π

2
+ θ) − Fx

l

2
sin θ +Rx

l

2
sin(π − θ) = 0

Fy(l/2) cos θ −Ry(l/2) cos θ − Fx(l/2) sin θ +Rx(l/2) sin θ = 0

The statements that hold true are 2)-5) and 6)
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0.2.

0.2

The L-shape carpenter square can be thought of as the combination of two
rectangles (blue and red in the picture below). The blue one has a mass of
m1 = 15 × 6 = 90 units, while the red one is m2 = 7 × 6 = 42 units (the
squares are supposes to be uniform and their masses scale linearly with their
area).

6cm

15cm

7cm

6cm
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The blue rectangle has its center of mass at (x1 = 3, y1 = 7.5), the red
square has its center of mass at (x2 = 9.5, y2 = 3).
The overall center of mass coordinates are then calculated as follows:

x =
m1

m1 +m2
x1 +

m2

m1 +m2
x2

=
90

132
× 3 +

42

132
× 9.5

= 5.07cm

and

y =
m1

m1 +m2
y1 + +

m2

m1 +m2
y2

=
90

132
× 7.5 +

42

132
× 3

= 6.07cm

0.3

We use Newton’s 2nd law:
∑
Fi = ma and

∑
τi = 0

Fsam + FJoe = mg = 5.45 × 102

If we choose the center of gravity (for convenience so that the weight won’t
contribute), we can evaluate the torque of all forces about this point. We
take r1 = 7.65

2 − 1 = 2.825 m as the distance from the center to Sam and
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0.4.

r2 = 7.65
2 − 2 = 1.825 m the distance from the center to Joe.

Fsam × r1 = Fjoe × r2

Fsam = Fjoe
r2
r1

Fsam = 1.548Fjoe

We can now plug in the first equation to get :

1.548Fjoe + Fjoe = 545

Fjoe =
545

1.548 + 1
= 214 N

and

Fsam = 1.548Fjoe

= 1.548 × 214

= 331 N

0.4
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a)

According to the action/reaction principle, the force exerted by the hammer
claws on the nail is of the same magnitude as the force exerted by the nail on the
hammer claws. Let’s take the hammer as our system which is in equilibrium.
The forces exerted are:

• The weight : m~g

• The force exerted by the nail: ~f

• The applied force : ~F

• The friction force from the surface on point O: ~R

By choosing the clockwise direction as positive,the torques about point O
are:

• F × 0.30 = 180 × 0.30 = 54 N.m

• −f × d = −f × 0.05 cos θ

• ~R and m~g will not contribute.

Equilibrium requires:

54 − f × 0.05 cos θ = 0

f =
54

0.05 cos 25.2
= 1193.6 N

= 1.19 kN

Its direction is just 90 − 25.2 = 64.8◦

N.B. Vector force ~f can be written in the x-y coordinate system as :

~f = −1193.6 sin θ~i− 1193.6 cos θ~j

= −508~i− 1080~j

b)

The hammer is still the system we are studying at equilibrium:

~R+m~g + ~F + ~f = ~0
~R = −(m~g + ~F + ~f)

= −(−1 × 9.81~j + 180~i− 508~i− 1080~j)

= 328~i+ 1090~j
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0.5.

0.5

The lady is under three forces: Fg1 , Fg2 and gravity which will have no
contribution to the net torque if we take the arbitrary point of rotation 0 as
the center of mass. r1 and r2 are the distances from the first and second scale
to the center of mass respectively. Under equilibrium we have:

Fg1 × r1 = Fg2 × r2

370 × r1 = 300 × r2

With the condition : r1 + r2 = 1.65 m
We can easily solve to get : r1 = 0.739 m and r2 = 0.911 m.
0.911 m is the distance from the center of mass to the lady’s feet.
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0.6

Tension Force ~Ft:

To keep the arm in the position of the figure, the net torque about Point O
should be zero:

Fg × 0.29 = Ft × 0.08 × sin(π − θ)

= Ft × 0.08 × sin(θ)

Ft =
0.29 × Fg

0.08 × sin θ

=
0.29 × 36.6

0.08 × sin 13.5
= 568 N

Force ~Fs

The arm is in equilibrium:
∑ ~Fi = ~0:

~Fs + ~Ft + ~Fg = ~0

~Fs = −(~Ft + ~Fg)

F 2
s = F 2

t + F 2
g + 2~Ft · ~Fg

F 2
s = F 2

t + F 2
g + 2 × Ft × Fg × cos(~Ft, ~Fg)

F 2
s = F 2

t + F 2
g + 2 × Ft × Fg × cos(

π

2
+ θ)

F 2
s = F 2

t + F 2
g − 2 × Ft × Fg × sin θ
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0.7.

Fs =
√
F 2
t + F 2

g − 2 × Ft × Fg × sin θ

=
√

5682 + 36.62 − 2 × 568 × 36.6 × sin 13.5

= 561 N

0.7

a) Free body diagram

Some of the numerical val-
ues in this free body diagram are different that the numerical values of the
problem.

9



b)

• The tension in the wire can be evaluated from the equilibrium condition:∑
τi = 0

T × 5.50 × sin 60 = 200 × 2.75 + 750 × x+ 80 × 5.50 (∗∗)

T =
200 × 2.75 + 750 × 1.10 + 80 × 5.50

5.50 × sin 60
= 381 N

• Rx can be obtained from
∑
Fxi = 0

Rx − T cos 60 = 0

Rx = T cos 60

= 381 cos 60

= 191 N

• Ry can be obtained from
∑
Fyi = 0

Ry + T sin 60 = 750 + 200 + 80

Ry = 750 + 200 + 80 − 381 sin 60

= 700 N

c)

In equation (**) above, for a maximum tension of Tmax = 775 N the bear
can reach a distance xmax evaluated as follows:

Tmax × 5.50 × sin 60 = 200 × 2.75 + 750 × xmax + 80 × 5.50

xmax =
Tmax × 5.50 × sin 60 − 200 × 2.75 − 80 × 5.50

750

=
775 × 5.50 × sin 60 − 200 × 2.75 − 80 × 5.50

750
= 3.60 m
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