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Problem 1: 

This is a relatively straightforward Newton’s Second Law problem. We set up a coordinate 
system which is positive rightwards and downwards (to anticipate the motion of the masses). 
Considering the force balance in the vertical direction for the first mass, we simply have: 

−N + m1g = m1a1y = 0 

N = m1g 

In the horizontal direction, we have the tension in the string and kinetic friction: 

T − µk N = m1a1x 

T − µk (m1g) = m1a1x 

For the second mass, we only need to concern ourselves with the vertical direction, which 
involves just gravity and the tension in the rope (which is still the same T since the string is 
massless, although now directed vertically due to the pulley): 

−T + m2g = m2a2y 

We note that since the string is of a fixed length, the accelerations of the two masses must be 
connected. With our choice of positives in the coordinate system, they are in fact the same (if 
you chose a different sign convention in your coordinate system, they may have opposite signs). 
So we can collect our equations together in terms of a common acceleration a: 

a ≡ a1x = a2 y 

T − µk m1g = m1a 

−T + m2g = m2a 

a.)  Adding those two equations allows us to eliminate T and solve for a: 

m2g − µkm1g 

m
a =


1 + m2


b.)  Plugging in this acceleration into one of the equations allows us to solve for T: 
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a

T = m2g − m2a 

T = m2g − m2 

⎛⎜ m2g − µkm1g⎞⎟ 

⎝ m1 + m2 ⎠ 


m1m2g (1+ µ k ) 

m
T =


1 + m2


c.)  We know the acceleration and the distance b, so this part is just a simple application of 
kinematics: 

1 
x = at 2 

2


2b
 2b(m1 + m2 )
t = = 

a m2 g − µk m1g 

d.) Once we know the time and the acceleration, the velocity is easily obtained by just plugging 
in our previously obtained values: 

v = a t 

2b (m2 g − µkm1g) 
m

v =

1 + m2


Problem 2: 

a.)  A free-body force diagram for the mass shows the two forces acting on it: gravity 
downwards, and the normal force perpendicular to the surface of the cone. Note that you should 
not draw an additional “centripetal force” on your diagram: this is just a label which we apply to 
forces which are directed radially inward: in this case the normal force’s horizontal component. 
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b.)  We can find the speed of the mass by using the fact that it is moving in a constant horizontal 
circle. Set up a coordinate system with positive upwards and radially outwards, and consider the 
force equations in the two directions: 

∑ Fy = may 

N sinα − mg = 0 

∑ F = maxx 

2 

−N cosα = m 
⎛⎜ −v ⎞ 
⎝ r ⎠ 

Now by dividing our two equations (after rearranging the mg onto the other side in the first 
one), we can eliminate N and solve for the velocity: 

2N cosα mv
= 

N sin α rmg 

2 rg 
v = 

tan α 
v = rg cot α 

c.)  In one circle, the mass will travel a distance equal to the circumference, 2πr. So, since we 
know the velocity, we can find the time of a complete circle easily: 

r tanα
T = 

2πr 
= 2π 

r 
= 2π 

v g cot α g 

d.)  It was a little unclear in the original problem setup whether the mass was sliding around in a 
circle on a fixed frictionless surface, or stationary on a rotating frictionless surface. For this part 
of the problem, this distinction is important: the mass is stationary on the inner surface of the 
cone that is rotating, so we can have static friction between the mass and the surface. 
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At the maximum speed before slipping, the static friction force will be directed downward 
along the surface of the cone to keep the mass from sliding upwards and outwards. We can add 
it to our force balance equations and re-solve for the velocity. The trickiest part is getting the 
angle and the sign of the frictional force correct: 

∑ F = mayy 

N sinα − µ N cosα − mg = 0s 

∑ F = max x 

2 

−N cosα − µ N sin α = m 
⎛⎜ −v ⎞ 

s ⎝ r ⎠ 

As before, we can move mg to the other side and divide the two equations to cancel N and 
solve for the velocity: 

2N cosα + µ N sin α
= 

mvs 

N sinα − µ N cos α rmgs 

v = rg 
cos s sin α 
sin s cos α 

α + µ
α − µ

Problem 3: 

For this problem, we will have to use all of the conditions of static equilibrium: that the 
forces are balanced in all directions, and that the total torque is zero for any choice of pivot point. 

a.)  Since the force F is completely unknown, it makes sense to place our pivot point at that 
location, to eliminate it from our torque equation. Since this is also along the line of action of 
the gravitational weight of the foot (at its center of mass), we eliminate two forces for the price 
of one. As usual we will adopt a coordinate system which is positive rightwards and upwards, 
and with the positive sense of rotation being counterclockwise for computing cross products. 
The torque about our chosen pivot is: 

∑τ = 0 

−(T sinα ) d + Nb = 0 

We note that the normal force is equal to half the weight of the person, since the problem states 
the weight is evenly distributed on both feet. Plugging that in for N, we can solve for T: 

mgb
T = 

2d sinα 

b.)  To get a handle on the force F and its angle, we now need to consider force balance in the x 
and y directions. Do not neglect the weight of the foot, even though that force is not indicated in 
the diagram provided in the problem. 
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