
Problem 4 
A standard track used in almost all running events consists of two 
straight parts and two semicircles, each of the four sections having 
roughly equal length of 100 m. 
i) On the following drawing of a runner rounding a curve, draw labeled 
arrows to show all the forces acting on the runner. Your drawing should 
indicate clearly where the forces act and their directions. The arrow on 
the drawing points towards the center of the circle. Assume that the 
runner is moving with constant speed. 
ii) Using your picture from part ii) and concepts of equilibrium, explain why it is impossible to 
run quickly around a curve standing straight up as shown (i.e. without leaning over). 
iii) Draw a force diagram of a leaning runner and explain how leaning over makes rounding the 

curve possible i.e. what changes in the equilibrium equations. Show clearly the direction of 
the lean assuming that the center of the circle is to the left as in part ii) above. 

Problem 5 
The physics of pushups: The drawing 
shows a simplified model of the force 
needed to do a pushup. Assume that a 
person’s body is a bar of mass M with a 
moment of inertia about the pivot (the 
toes) of IT. Assume that the center of 
mass is a distance L from the pivot and 
that the force shown (due to the arms) is 
purely vertical and applied at a distance 
of 4L/3 from the pivot. 
a) Draw a free-body diagram showing all 
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the forces acting on the bar. 
b) Find the value of the applied force F needed for the object to be in equilibrium and show that 

it is independent of the angle θ and thus independent of the height h. 
c) What is the value of the force (magnitude and direction) exerted on the person by the ground? 

This means the force applied at the toes, not the force applied on the arms. 
Problem 6 
A plank of mass M and 
length L is held up a cable at 
each end. The left cable has 
a maximum tension of 3Mg 
(any more force and the cable 
will break) while the right 
cable can exert a maximum 
force of only Mg. A load of 
bricks is placed on the plank 
with its center of mass 
located a distance D from the 
left edge (see drawing) 
a) Considering only forces, how massive can the load of bricks be before the cables will fail? 
b) Assume that the bricks have the maximum mass as calculated on part (a). Where must the 

Max force = 3Mg Max force = Mg
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bricks be placed (i.e. what is D) so that neither cable exceeds its maximum tension? 



Problem 7 
A plank of mass M and length L leans against a wall at one end and 
rests on a circular support at the other end. Assume that there is 
friction between the plank and the wall also between the ladder and 
the cylinder. Assume the plank is uniform so its center of mass is at 
the center. Note that the plank must hit the cylinder tangentially so 
the normal force from the cylinder is perpendicular to the plank and 
the friction force due to the cylinder is along the plank. Assume that 
the plank does not move. 
a) Draw a clear diagram showing all the forces acting on the plank. 
b) Choose and X and Y axis and write a set of force equations for 
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those two directions. 
c) Write a torque equation using the left end of the plank as the axis. 
d) Repeat part (c) but using the right edge of the plank as the axis. 
Problem 8 

A uniform bar of mass M and length L is attached to a wall by a 
frictionless hinge (i.e. there are no torques exerted by the hinge). 
The bar is released from rest in a horizontal position as shown.


The bar has moments of inertia about its center and about its end
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a) What is the angular acceleration of the bar at the instant that it 
is released? 

b) At the instant after the bar is released, find the magnitude and 
direction of the force exerted on the bar by the hinge. 

c) Use Work/Energy concepts to find the angular velocity of the bar when it has swung down to 
a vertical position and is just about the hit the wall. 
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Problem 9 
A small child runs and jumps onto a merry-go-round which has 
a moment of inertia I0 about its axis of rotation. The child has 
mass m and is initially moving with velocity v; she grabs onto a 
bar attached to the plate which is a distance R from the center 
of the merry-go-round. The merry go round was initially not 
rotating. Assume that the child is running tangential to the 
merry-go-round before jumping on as shown. 
a) What is the magnitude of the final angular velocity of the 

merry-go-round, ωfinal? Give your answer in terms of m, v, 
R and I0. 

b) What fraction of the initial kinetic energy of the running child remains in the final system 
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(i.e. what is KEF/KEI)? Give your answer in terms of I0, m, v, and R. 
Problem 10 
A gyroscope supported at one end is rotating as shown (the edge 
towards you is moving up, the top edge is moving away from you, 
the edge away from you is moving down, and the bottom edge is 
moving towards you). Assume that the support pivot can exert 
forces on the gyroscope but cannot exert any torques. For the 
multiple choice questions, you do not need to explain your answer. 
i) In what direction does the angular velocity point? 
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Problem 1 

T 
3 = , ⇒ V goes up NkT Nk 10 NkT a) V = VNEW = 

P 
, P 

10 
3 P 

b) (i) F = mg = 8(10) = 80N 
(ii)FBuoy = (1000)(.002)(10) = 20N, 

∴ F = 80 − 20 = 60N 

c) Velocity goes down, pressure goes up. 

Problem 2 

a) Equilibrium, so FBuoyant − w = 0 ⇒ FB = w. 
wFB = Vf ρfg = (πr2d)ρg = w, d = 

πr2ρg 

b) FTOT = Ma = FB − w, FB = πr2(d 
22 

)ρg = d(πr 2ρg ) 
w wFrom (a), d = 

πr2ρg 
⇒ FB = 

πr2ρg
(πr 2ρg ) = w 

2 2 

Half as deep ⇒ half as large buoyancy force. 
−w −wFTOT = Ma = w 

− w = 
2 

, a = , but w = Mg.
2 2m 

−g 
⇒ a = 

2 
, accelerating downward at g .

2 

Problem 3 

a) P + ρgy = constant, P1 + ρg(0) = P2 + ρg(6500) 
P2 = P1 − ρg(y2) = 1.013 × 105 

− (0.95)(9.8)(6500), 
P2 = 4.08 × 104N/m2 = 0.40 atm 

b) N = const, V = const, PV = NkT 

P1T2 
⇒ 

P1 = P2 , T1 = 293, P1 = 1.5 × 107, T2 = 253, P2 = = 1.30 × 107N/m 2 
T1 T2 T1 

Problem 4 

ii) f exerts torque around center of mass, so you fall over. 
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iii) Now N exerts torque which can balance torque due to friction. 

Problem 5 

a) 

3 
b) Take torques around toes: MgL cos(θ) − F (4

3 

L ) cos(θ) = 0, F = Mg 
4 

1 
c)T + F = Mg, T = Mg . 

4 

Problem 6 

a) 3Mg + Mg = 4Mg.

b) Take torques about left end: 4MgD − LMg = 0, D = L .


4 

Check torque around weight: 0 = D(3Mg) − Mg(L − D), D(4Mg) = MgL, D = L .
4 

Problem 7 

a) 

2 

gL 

2 

L

b) Fx = N2 + N1 sin(θ) − f1 cos(θ) = 0 
Fy = f2 − Mg + N1 cos(θ) + f1 sin(θ) = 0 

c) τ = Mg(L 
2 

cos(θ)) − N1L = 0. 

d) τ = N2L sin(θ) + f2L cos(θ) − Mg L 
2 

cos(θ) = 0. 

Problem 8 

a) τ = Iα, take torques about hinge. 

3g3g(Mg)(L 
3 2L

,
2 
)(sin(90◦)) = (ML2 

)(α) ⇒ α = = α = 
2L3 
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