Homework No. 09 (Fall 2023)

PHYS 205A-002: UNIVERSITY PHYSICS

School of Physics and Applied Physics, Southern Illinois University—Carbondale
Due date: Monday, 2023 Nov 6, 2:00 PM, on D2L

Instructions

You are encouraged to use any of the resources to complete this homework. However, the
extent to which you depend on resources while doing homework is usually a measure of
how much extra work you need to put in to master the associated concepts. Solutions
should be the last resource.

Describe your thought process in detail and organize it clearly. Make sure your answer
has units and the right number of significant digits.

After completion, scan the pages as a single PDF file, and submit the file on D2L (under
Assessments — Assignments).

Problems

. (10 points.) A ball having a mass of 150 g strikes a wall with a speed of 5.0m/s and
rebounds with only 50 % of its initial kinetic energy.

(a) What is the speed of the ball immediately after rebounding?
(b) If the ball was in contact with the wall for for 8.0 ms, what was the magnitude of
the average force on the ball from the wall during this time interval?

[Solution]

. (10 points.) A shooter of mass 90.0 kg shoots a bullet of mass 3.00 g in a direction 60.0°
with respect to the horizontal, standing on a frictionless surface at rest. If the muzzle
velocity of the bullet is 600.0m/s, what is the recoil speed of the shooter?

[Solution, see 20185 MT-03 P05, 2014F MT-03 P04]

. (10 points.) A car of mass m; = 2000.0kg is moving at speed vy; = 35.0m/s towards
East. A truck of mass my = 5000.0 kg is moving at speed vg; = 25.0m/s towards South.
They collide at an intersection and get entangled (complete inelastic collision). What is
the magnitude and direction of the final velocity of the entangled automobiles?

[Solution, see 2023S MT-03 P06, 2022F MT-03 P07, 20215 MT-03 P07, 2016F MT-03 P05]


https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=0&end=601
https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=606&end=1075
http://www.sphics.com/tc/201801-SIU-P205A/files/2018S-P205A-UPMT03.pdf
http://sphics.com/tc/201408-SIU-P205A/files/2014F-P205A-Exam03.pdf
https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=1082&end=1482
http://www.sphics.com/tc/202301-SIU-P205A/files/2023S-P205A-UPMT03.pdf
http://www.sphics.com/tc/202208-SIU-P205A/files/2022F-P205A-UPMT03.pdf
http://www.sphics.com/tc/202101-SIU-P205A/files/2021S-P205A-UPMT03.pdf
http://sphics.com/tc/201608-SIU-P205A/files/2016F-P205A-UPMT03.pdf

Figure 1: Problem 4.

. (10 points.) Two masses, m; = 1.0kg and my = 2.0 kg are hanging off separate strings.
Forst mass m; is pulled to a height h; = 1.0m and dropped. It swings down and collides
with the other hanging mass (ms at rest) and they stick to each other (complete inelastic
collision). See Figure 1. The collision happens in a plane. How high do the masses rise
together after the collision.

[Solution]

. (10 points.) What is the ratio of the final kinetic energy to initial kinetic energy in a
perfectly inelastic collision involving two particles of masses m and M when the mass M
is initially at rest? Express your answer in terms of m and M.

[Solution]

. (10 points.) A mass m; = 100.kg moving with a speed vy; = +10.m/s (elastically)
collides with another mass mo = 1.0kg initially at rest. Determine the magnitude and
direction of the final velocities of the masses after collision.

[Solution, see 2022S MT-03 P06, 2021S MT-03 P08, 2016F MT-03 P06, 2015F MT-03 P07]

. (10 points.) Consider a thin rod of length L placed on the positive z-axis with one end
at the origin. It has a mass density described by

kg

c=—0.8 E,

— 2 — —
p(x) =a+bx+ca, a=0 b—l.OE, (1)
where z is the distance from end placed at the origin. At what distance (in terms of L)

from the end placed at the origin is the center of of mass of the rod?

[Solution, see 20228 MT-03 P07, 2017F MT-03 P06, 2016F MT-03 P08, 2015F MT-03 P08,
2014F MT-03 P0g]


https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=1486&end=1960
https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=1966&end=2256
https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=2258&end=2706
http://www.sphics.com/tc/202201-SIU-P205A/files/2022S-P205A-UPMT03.pdf
http://www.sphics.com/tc/202101-SIU-P205A/files/2021S-P205A-UPMT03.pdf
http://sphics.com/tc/201608-SIU-P205A/files/2016F-P205A-UPMT03.pdf
http://sphics.com/tc/201508-SIU-P205A/files/2015F-P205A-UPExam03.pdf
https://www.youtube.com/embed/Hd-dqLWoaTQ?&start=2711
http://www.sphics.com/tc/202201-SIU-P205A/files/2022S-P205A-UPMT03.pdf
http://www.sphics.com/tc/201708-SIU-P205A/files/2017F-P205A-001-UPMT03.pdf
http://sphics.com/tc/201608-SIU-P205A/files/2016F-P205A-UPMT03.pdf
http://sphics.com/tc/201508-SIU-P205A/files/2015F-P205A-UPExam03.pdf
http://sphics.com/tc/201408-SIU-P205A/files/2014F-P205A-Exam03.pdf

