
Physics I (Spring 2022): Homework #2

Department of Physics and Astronomy, SNU

12 problems; 100 points in total; Posted Mar. 25; Due Apr. 8, 2022

• By turning in your homework, you acknowledge that you have not received any unpermitted
aid, nor have compromised your academic integrity during its preparation.

• Exhibit all intermediate steps to receive full credits. You are welcomed to use a scientific
calculator — physical one or the one on your cellphone. g = 9.8 m/s2 unless noted otherwise.

1. [8 pt] A swing ride at an amusement park can be modeled as chairs that are swung in a circle
at a uniform speed by 10-m massless cables attached to a vertical rotating pole (see figure).
Suppose that the total mass of a chair and its occupant is 200 kg, and the cable makes an angle
θ = 30◦ with the pole while in the circular motion. Determine (a) the tension in the cable and
(b) the speed of the chair.

2. [8 pt] The coefficient of static friction between a block (m1 = 70 kg) and a table is µs = 0.25
(see figure). Assume that the massless cord between the block and the knot K is horizontal,
while the angle θ shown in the figure between another cord and the wall is 60◦. Find the
maximum weight, m2, of the second block for which the system remains stationary.
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3. [8 pt] Let us estimate the speed of a stunt car making through a six-story vertical loop seen in
youtube.com/watch?v=jVS4ts1A-ao&t=200s (or scan the QR code below with your cellphone
camera; watch it from 03:20). Assuming that the car is driven at a constant speed through the
circular loop of radius R = 10 m, what is the minimum speed that the car could have at the
top of the loop (point B) to remain in contact with it there? What is the normal force on the
driver (m = 60 kg) from the car seat there? What is the normal force on the driver from the
seat when the car passes through the bottom of the loop (point A)? To realize the uniform
circular motion discussed here, what does the driver need to do as the car ascends from point
A to B (i.e., can he simply do nothing with his foot off the gas pedal)?

4. [8 pt] Fa = 20 N is applied horizontally to a box of 3 kg, as it slides a distance d = 0.5 m.

(a) First, the box slides on a horizontal frictionless surface (see figure). What is the net work
done on the box during the displacement by all the forces acting on it — Fa, the gravitational
force on the box, and the normal force on the box?

(b) Now the box slides up a frictionless ramp at angle θ = 30◦ (see figure). What is the net
work done on the box during the displacement by all three forces acting on it? If your answer
is different from that in (a), explain why. If the box started from rest at the start of the
displacement, what is its speed at the end of the displacement?

5. [8 pt] At the loading dock of an ice factory, a 45 kg block of ice slides down a frictionless
incline 1.5 m long (= d) and 0.75 m high (= h). A factory worker pushes up against the ice
block, parallel to the incline, so that the block slides down at a constant speed.

(a) Find the magnitude of the worker’s force.

(b) How much work is done on the block by (i) the worker’s force, (ii) the gravitational force on
the block, and (iii) the normal force on the block from the surface of the incline, respectively?
What is the net work done on the block during its descent? Is your answer zero? If so, how
come did the block lose its mechanical energy when no net work was done on it?
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6. [8 pt] A toy airplane of mass m = 0.9 kg is flying at a speed of 22 m/s on a horizontal circle
of radius 16 m (see figure). The person holding the guideline cord pulls it in until the radius
becomes 14 m. The plane speeds up, and the tension measured in the cord becomes four times
greater. What is the net work done on the plane?

7. [10 pt] A team of workers plans to install an emergency escape ramp on a steep downhill
section of a highway. Consider a scenario where a runaway truck with failed brakes is moving
downhill at 130 km/h just before the driver steers the truck up a frictionless emergency escape
ramp with an inclination θ = 15◦ (see figure). The truck’s mass is 25 t and can be modeled as
a particle.

(a) What minimum length L should the ramp have if the truck is to stop (even momentarily)
along it? Does the minimum length L change if (i) the truck’s speed or (ii) its mass is decreased?

(b) In practice, what can you do to reduce L, thus the construction cost (to see the emergency
escape ramp in action — and acquire a hint — visit youtube.com/watch?v=C0BxORWTD7s,
or scan the QR code below with your cellphone camera)?

8. [8 pt] A skeleton athlete starts from rest at the top of an icy hill. He coasts down the hill
and up a second hill (see figure). The crest of the second hill is approximated by a circle of
radius R = 36 m. Assuming a frictionless surface, what is the largest height h of the first hill
for which he can pass the crest of the second hill without his sled losing contact with the ice?

9. [10 pt] A snowboarder starts straight down the left side ramp of the so-called superpipe
(R = 5 m; see the figure on the left below). Her initial downward speed is 5.4 m/s.

(a) Assuming a frictionless surface, find the highest point she reaches on the right side ramp, h.
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(b) Now assume that the curved portions of the structure are frictionless, but the coefficient of
kinetic friction for the flat part (L = 10 m) is µk = 0.2. How many complete passages through
the flat part can the snowboarder make before she comes to a full stop?

(c) Explain why snowboard superpipes are built on a mountain slope and in fact lengthy (see pic-
ture below; to watch a snowboard superpipe match, visit youtube.com/watch?v=kD3XrTz8G8Q,
or scan the QR code with your cellphone camera). Explain why skateboard halfpipes aren’t.

10. [8 pt] A steel ball (m1 = 1.6 kg) is attached to one end of a string (R = 1.2 m), the other
end being fastened to point P fixed to the ceiling (see figure). Assume that the radius of the
ball is negligible compared to R. The string is initially held horizontal, then the ball is released
from rest. It swings downward and, at the very bottom of its path, strikes a block (m2 = 2.4
kg) initially at rest on a horizontal frictionless surface. Assuming an elastic collision, determine
(a) the velocity — magnitude and direction — of the ball just before the collision, and (b) the
velocities of the ball and the block just after the collision.

11. [8 pt] A shell is shot with an initial velocity v0 = 20 m/s at an angle of θ = 60◦ with the
horizontal. At the top of the trajectory, the shell explodes and fragments into two pieces of
equal mass. One fragment, whose speed right after the explosion is zero, falls vertically. How
far from the gun does the other fragment land, assuming a flat terrain and negligible air drag?

[Problem 12 in the next page.]
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12. [8 pt] A dishwasher at a restaurant drops a large plate vertically by accident (i.e., as the
plate falls, its momentum has only a vertical component). The plate breaks into three pieces
which fly apart parallel to the floor. The external force acting on the plate by the floor had no
component parallel to the floor. Using the velocities measured immediately after the impact
(see figure) and m3 = 1.30 kg, find the masses m1 and m2.
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