
Assignment V (REVISED), PHYS 111 (General Physics I)
Fall 2018

Due 10/5/18 at start of class

As always, please put your clearly written answers on separate paper.

1. A 4.00 kg mass moves under the simultaneous influence of the following three (constant)
forces:

~F1 = (3.00 N)̂i− (6.00 N)ĵ

~F2 = (−6.00 N)̂i+ (10.00 N)ĵ + (2.00 N)k̂

~F3 = (−40.00 N)k̂

The mass starts at position ~ri = (−2.00 m)̂i + (3.00 m)k̂ and with initial velocity ~vi =
(−2.00 m/s)̂i+ (4.00 m/s)ĵ.

a) Find the (constant) values of ax, ay, and az for the mass.

b) Develop expressions for vx(t), vy(t), and vz(t). (Make sure this makes sense given what
you know for ~v at t = 0).

c) Develop an expression for the position as a function of time [x(t), y(t), and z(t)]. (Make
sure this makes sense given what you know for ~r at t = 0).

d) Find the velocity of the mass at t = 5 s.

e) Find the displacement between t = 3 s and t = 7 s.

f) Find the average velocity between t = 3 s and t = 7 s

1



2. You want to hold a book of mass M up against a wall (see illustration below). Assume that
the wall-book interface is frictionless. Thus, to merely “hold” it against the wall, the vector
sum of the forces on the book must be zero. Assume that θ > 0 as drawn.

a) There are 3 forces on the book. What are they?

b) Carefully draw a free body diagram for the book. Make sure your vectors are approxi-
mately the correct lengths.

c) If M = 2 kg and F = 30 N, what would θ be to hold the book stationary?

d) What does θ have to be for arbitrary F and M to hold the book stationary?

e) If the book has a mass of 3 kg, you apply a force of 40 N, and θ = 60◦, what is the
acceleration of the book? (Acceleration can be a scalar or a vector; here I’m looking for
the vector, so give me magnitude and direction!)

f) Now assume that instead of having the wall-book interface frictionless, the interface has
coefficient of friction µ. (For this problem, we will let µ be both µs and µk). In terms of
M , µ, and θ, develop expressions for both the minimum and maximum magnitudes for
the applied force F that keep the book stationary. (As a check on your answers, if you
take your maximum applied force Fmax and subtract your minimum applied force Fmin,
you should be able to simplify the difference Fmax − Fmin to the following expression:

2Mgµ cos θ
sin2 θ−µ2 cos2 θ . Note that this difference is not your ANSWER, but it is a way to check

and see if you might have made a mistake).
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3. Three masses accelerate to the right as shown below. The rightmost mass has mass M , and
the other two masses are m1 and m2 as shown. The three masses are connected by ropes of
negligible mass. The masses slide on a frictionless surface. The rightmost mass accelerates
with constant acceleration a. The entire force causing this motion is not shown, but acts
directly on mass M only. (The other masses accelerate because they are pulled by M).
Determine:

a) The magnitude of the force applied to M to make this system move.

b) The tension in the rope between M and m1.

c) The tension in the rope between m1 and m2.

d) The net force on m1.

(Remember, give all answers in terms of m1, m2, M , and a only!!!!)

4. A triangular wedge of elevation angle supports a mass M . Connected to mass M via a
(massless) string is a second mass m that hangs freely from a frictionless pulley as shown.
The wedge is firmly attached to the Earth (it can’t move) and the wedge/mass interface is
assumed to be frictionless. θ = 48◦. Assume the hypotenuse of the wedge has a total length
of 10 meters, and that the large mass M starts at the very top of the wedge with an initial
velocity of 3 m/s down the slope of the incline. If M = 3.00 kg, what is the minimum mass
m that would prevent the 3.00 kg block from reaching the bottom of the wedge? (Assume
that the string is sufficiently long so that m stays below the pulley no matter what).
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5. A sign of mass m is held up by four (massless) wires connected to sturdy poles as shown
below. The top two wires make an angle of θ1 above the horizontal at their attachment
point with the sign. The bottom two wires make an angle of θ2 below the horizontal at their
attachment point with the sign.

a) Draw a free-body diagram for the sign.

b) Assume that the bottom two wires are cut. Find the tension in each of the top two
wires. (You’ll have to leave your answer in terms of m, g, and θ1.

c) Instead of cutting the bottom two wires, assume that the wire in the upper-right and
the lower-left are cut (so that the only two remaining wires are in the upper-left and
the lower-right). Draw a new free-body diagram for the sign. [In reality, cutting these
cords will cause the sign to rotate. Ignore this. Assume the sign is very small – basically
a point mass – so that cutting the two wires in question don’t change the geometrical
alignment of the sign].

d) If the wire in the upper-right and the lower-left are cut, show that the tension in the
upper-left wire is equal to:

T =
mg cos θ2

sin(θ1 − θ2)

Note! You cannot solve a problem like this by merely plugging in the proposed solution and

showing that it works! Such a method will not earn credit. Rather, you need to actually go

forward and come up with what the tension should be in terms of m, g, θ1, and θ2 by starting

with the free-body diagram you already drew and then apply Newton’s second law. From there,

you may have to manipulate it a bit to get the form shown. I merely give you the answer so you

can know in advance if you did it right or not.

e) The above solution gives you a pretty crazy answer when θ2 > θ1; you get a negative
tension. What does this physically mean?
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6. A flat, frictionless table has a mass M resting on top of it. Connected to each side of this
mass are two massless, inextensible strings. Going over frictionless pulleys, the strings are
attached to hanging masses 2M (on the left) and 3M (on the right) as shown.

a) Draw free body diagrams for each of the 3 masses.

b) Solve for the acceleration of the system, as well as both string tensions.

c) Assume that the table is actually not frictionless. Redraw your free-body diagram for
the mass on the table.

d) Let us continue to say that the table-block interface has friction. Under this constraint,
the acceleration of all three masses ends up being 0.25 m/s2. What is the coefficient
of kinetic friction between the table and the block? (I’m looking for an actual number
here).

7. A car is traveling at 20 m/s down a hill with a 12 degree grade. (In other words, the car is
driving down an inclined plane with angle of elevation 12 degrees). Suddenly, the car realizes
that another car is stopped 30 meters ahead (on the same inclined plane). Immediately, the
driver slams on their brakes – causing the brakes to lock up and slide against the pavement.
Assuming the coefficient of kinetic friction between the car tires and the road is 0.6, how fast
is the car moving when the two cars collide?
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