
Physics I (Spring 2023): Homework #1 Solution

Department of Physics and Astronomy, SNU

12 problems; 100 points in total; Posted Mar. 10; Due Mar. 24, 2023

1. [8 pt] (a) Two vectors are given in unit-vector notation by v1 = 3̂i−2ĵ+k̂ and v2 = −4̂i+ĵ−k̂.
Find v1 × v2 (using Eq.3-27 of Halliday & Resnick), and (3v1 × v2) · (v1 + 2v2).

(b) For a certain force F = qv×B with q = 2 and v = 3̂i + 1ĵ + 2k̂, a physicist experimentally
measures its direction and magnitude as F = 6̂i+2ĵ−10k̂ (for now don’t worry about the units
of this so-called Lorentz force). Assuming By = Bz, find B in unit-vector notation.

• (a) Using (v1 × v2) · v[1,2] = 0 one can easily show (3v1 × v2) · (v1 + 2v2) = 0.

2. [8 pt] (a) A dragster starts from rest on a straight, slanted road with a constant acceleration
of 40 m/s2. What are the velocities and displacements of the dragster at 2.0 second and at twice
this time, 4.0 second?

(b) A fast-moving elementary particle enters a detector with a speed of 4.0× 106 m/s and then
is slowed at a rate of 2.0× 1014 m/s2. How far does the particle travel before it fully stops?

• (b) d = −v20/2a.

3. [8 pt] (a) A person throws a ball at an angle θ = 60◦ above the horizontal towards a vertical
wall d = 25 m away (see figure). The ball hits the wall t = 1.5 second later. How far above the
release point does the ball hit the wall (h in the figure)? What are the horizontal and vertical
components of its velocity when it hits the wall?

(b) Another person throws a ball, this time from the left edge of the roof of a building (see
figure). The ball hits the ground t = 3.0 second later, at distance d = 50 m from the building
and at angle θ = 60◦ with the horizontal. Find the building’s height h above the ground. What
is the angle (relative to the horizontal) of the velocity at which the ball is thrown? Is it above
or below the horizontal? (Note: You may want to time-reverse the motion, as if on video.)
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• (a) d = v0t0 cos θ and h = v0t0 sin θ − 1
2gt

2, where v0 is the ball’s speed when launched.

• (b) The same two equations above are still applicable here except that v0 now means the
ball’s speed hitting the ground.

4. [8 pt] An airplane is flying with a speed of v0 = 240 m/s at an angle θ = 30◦ below the
horizontal (see figure). When the altitude of the plane is h = 2.4 km, the pilot releases a flare
(with no added velocity) which hits the target on the ground soon afterward. What is the angle
θ1 which the line of sight between the target and the airplane makes with the horizontal? What
is the angle θ2 (relative to the horizontal) of the velocity at which the flare hits the ground?

• y = v0t0 sin θ − 1
2gt

2
0 + h = 0 gives t0. Then, θ1 = tan−1

(
h
d

)
= tan−1

(
h

v0t0 cos θ

)
.

5. [10 pt] Let us help a motorcyclist to design his track who plans to make a big jump with his
motorcycle between a launch ramp and a landing ramp.

(a) He aims to make such a jump by driving up the ramp that will launch him at an angle of
θ1 = 30◦ relative to the horizontal. However, due to logistical constraints, the front edge of the
landing ramp on which he is supposed to land (point B; see figure) is ∆h = 10 m lower than
the edge of the launch ramp (point A). Assuming a launch speed of v0 = 144 km/h, at what
horizontal distance d from point A should point B be placed?

(b) For him to land smoothly, the inclination θ2 of the landing ramp at point B should match
the direction of his velocity when he touches down. What should the angle θ2 be? (To watch
real-life daredevils taking on this type of challenges, visit youtube.com/watch?v=pk8Lw6FoE30,
or scan the QR code below with your cellphone camera.)
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• (a) y = v0t0 sin θ1 − 1
2gt

2
0 = −∆h gives t0 = 4.5 s. Then, d = v0t0 cos θ1.

6. [8 pt] A boy rides a merry-go-round turning in uniform circular motion. The boy is R = 5.0 m
away from the rotation axis. At time t1 = 0.0 second, the boy’s velocity is v1 = (3.0 m/s)̂i +
(4.0 m/s)̂j, measured on a horizontal x-y coordinate system centered on the rotation axis.

(a) What is the period of revolution, T? What is the boy’s velocity v2 at t2 = 0.5T?

(b) What is the magnitude of the boy’s centripetal acceleration? What are the magnitude and
direction of the boy’s average acceleration during the time interval [t1, t2]? Explain why your
two answers are different.

• (b) ac = |v1|2
R , whereas aave = v2−v1

t2−t1 .

7. [8 pt] A girl whirls a toy plane in uniform circular motion in a horizontal circle of radius
R = 2.5 m at height h = 2.0 m above the ground. Suddenly the cord breaks, and the plane flies
off and hits the level ground after traveling d = 12 m horizontally. What is the magnitude of
the plane’s centripetal acceleration during the circular motion?

• y = −1
2gt

2
0 + h = 0 gives t0. Then, ac = v2

R = (d/t0)2

R .
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8. [8 pt] A jet plane is moving at a constant velocity v along a straight line, at an angle θ = 20◦

above the horizontal (see figure). The plane’s weight is m = 9,500 kg, and its engine provides
a forward thrust of magnitude |T| = 120,000 N. The lift force L generated on the wings makes
an angle θ = 20◦ with respect to the vertical (i.e., directed perpendicular to the wings). What
are the magnitudes of the lift force L, and the drag force D (air resistance) that opposes the
plane’s motion v?

•
∑

F = 0 gives L = mg cos θ and T = mg sin θ +D.

9. [8 pt] A helicopter is flying at a constant altitude while towing a water bucket of mass
m = 250 kg (see figure). The helicopter and the bucket both move horizontally with a constant
acceleration of |a| = 1.7 m/s2. Assuming negligible air resistance, find the tension T in the
(massless) cable towing the bucket.

• ma =
∑

F = T +mg gives T = m
√
a2 + g2.

10. [8 pt] Three masses are connected by cords, one of which wraps over a pulley of negligible
mass and negligible friction on its axle (see figure). m1 is on a frictionless table, while the other
two hang from the pulley. The three masses are m1 = 30 kg, m2 = 40 kg, and m3 = 20 kg.

(a) When the assembly is released from rest, what is the tension T12 in the cord connecting m1

and m2? What about the tension T23 in the cord connecting m2 and m3?

(b) How far does m1 move in the first 0.5 second (assuming that m1 starts far enough away
from the pulley so it does not reach the pulley)?
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• (a) The magnitude of the acceleration of the assembly is a = (m2+m3)g
m1+m2+m3

. Then, T12 = m1a
and m3g − T23 = m3a.

11. [8 pt] A painter is working in a “man cage” hanging from a rope which wraps over a pulley
of negligible mass and negligible friction on its axle attached to the ceiling. The combined mass
of the painter and the man cage is 60 kg.

(a) The rope on the right side of the pulley extends to the ground and is held by a co-worker
(see figure). What is the magnitude of force that the co-worker must apply (i.e., tension T in
the rope) to keep the painter still? With what force magnitude must the co-worker pull for the
painter to rise with a constant speed? With what force magnitude must the co-worker pull for
the painter to rise with a constant upward acceleration of 1.2 m/s2 ?

(b) The co-worker leaves and now the painter holds the rope (see figure). What force magnitude
must he apply to stay still? With what force magnitude must he pull to rise with a constant
speed? What if he wishes to rise with a constant upward acceleration of 1.2 m/s2 ?

• (a) T −mg = ma, (b) 2T −mg = ma.

12. [10 pt] Perseverance is a car-sized rover built to explore the craters on Mars. In order to land
Perseverance on the surface of Mars, engineers designed a unique Entry, Descent and Landing
(EDL) strategy. In each of the three stages, they considered various forces to carefully guide the
rover’s journey, including its weight, air resistance (especially when the parachute is deployed),
the rocket thrust from the “sky crane”, the tension in the towing cables, etc. After reviewing its
trip down the Martian atmosphere at youtube.com/watch?v=rzmd7RouGrM&t=20s (or scan
the first QR code below with your cellphone camera), describe the balance — or imbalance — of
the important forces acting on the rover in each stage. One or two paragraphs of 3-4 sentences
each is expected to clearly convey your understandings. Use free-body diagrams if needed.

5

https://www.youtube.com/watch?v=rzmd7RouGrM&t=20s


Perseverance

Curiosity

(Note: You are welcomed to study various resources on the web; but surely, your answer must
be your own work in your own words, and must reference your sources appropriately with a
proper citation convention. You may also want to watch a narrated video about Curiosity’s
landing — Perseverance’s predecessor — at youtube.com/watch?v=Ki Af o9Q9s (or scan the
second QR code above with your cellphone camera). To access academic journals off-campus
via SNU library’s proxy service, see library.snu.ac.kr/using/proxy.)

• Useful resources include: mars.nasa.gov/mars2020/timeline/landing/entry-descent-landing/.
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