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Puysics 231, SPRING 2023. TesT II (150PTS+10PTS)

Your solutions should be neat, correct and complete. Full credit is not necessarily attained from the correct
answer, you can lose points if the solution is not readable. Box answer where appropriate. You may omit
units on calculations, however, answers must include proper units for full-credit. You are allowed a 3” x 5”
card. By default, problems based on earth with g = 9.8m/s2.

Problem 1 (20pté) It is observed that a particular spring obeys a modified form of Hooke's Law:;
F(z) = —k(z + Bx?) where k and 3 are constants.
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(a) find a potential energy function for F' =
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(b) omit units and suppose (just for this part) that ¥ = 8 = 1. Find the work done by
the force from z = 0 to z = 1.

Problem 2 (10pts) You are given the graph of potential energy for a particle under the influence
of a particular conservative force. If the total energy of the particle of 3.0J then
approximate the the possible range of motion in the following cases:

(a) initial position of 20m: ANSWER HERE: _l&m < X = 25m

(b) initial position of 40m: ANSWER HERE: 33t % X £ Ym
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Problem 3 (20pts) Suppose two carts slide along an essentially frictionless track. Cart A has mass
My = 20 kg and cart B has mass Mp = 60 kg. Suppose A travels rightward with an initial
speed of v, = 13m/s. Furthermore, after the carts collide, cart A moves to the left at
speed 6 m/s cart B moves right at speed vg = 15m/s. Find the initial speed and
direction of cart B before the collision. Also, was the collision elastic?
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Problem 4 (20pts) A 4.00 gram bullet is fired horizontally into a 2.00 kg wooden block resting on a
horizontal surface. The coefficient of kinetic friction between block and surface is 0.30.
The bullet remains embedded in the block, which is observed to slide 0.50m along the
surface before stopping. What was the initial speed of the bullet?
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Problem 5 (20pts) Suppose a 1000 kg car travelling 40.0 m/s and a 2000 kg truck travelling 25.0m/s
collide and stick together after the crash. See diagram for the geometry of the problem.

Find the velocity (magnitude and standard angle) of the car and truck immediately after
the crash.

car
— = M. = (00q 5{3,,,
Ve = 40" f Wl = 200k

vy
\f‘r = 25 <
truck
sk

Po= o, Ve, 00 + Mo L0, Voo = (M )

s ,}' N
o sommm————"" W ? ‘fd "é W x}‘
\/41 , M, 4 M < “2 ‘r

% = et {: ;@{j!ﬁ}éka (“/a Mé}} 2o é’éﬁ (5“5“”}5&);}

Yy
SO0 Wé}

.

V= <, 6er

- 3 =]

Ve Ve = J37%) (16677

ﬁ . EV;: = .34 "% |

s © =51.35%]
G = +on” %—-—“‘ég) \ J

Problem 6 (15pts) Hypothetically( as in, I'm not saying this is the correct result from the above
problem), if the crash in the previous problem gave the car and truck crashed together
and initial speed 10m/s and there was a coefficient of kinetic friction of 0.4 then how far
would it take for the car and truck to skid to a stop?
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Problem 7 (20pts) Suppose the inclined plane and horizontal plane pictured below have no friction
and the spring and board have very small mass compared to mass M = 2.0 kg pictured
at the top of the incline. Suppose L = 14.3m and f = 40°. It takes a force of 20 N to
compress the spring a distance of 1.00 cm from it’s equilbrium. If the mass M slides down
the incline, across the plane and then compresses the spring a distance 1.2m (just before
bouncing back) then what is the initial speed V,, which was given to M 7
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Problem 8 (15pts) A mass m; = M is at (7,4, —5)cm and my = 2M is at (4,4,4)cm. If my = 3M is

at (a,b,c) and the center of mass is at (3,3, 2)cm then find the values of a,b and ¢
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Problem 9 (10pts) Find the work done by the force F = (e bsin(ky), 2cz) along the path from
(0,0,0) to (z1,v1,21) given a, b, k,c # 0.
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(—y, z). Directly calculate:
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where C' = {(z,y) | z*+y* = R* for R > 0 and we assume C is given the CCW-orientation.
Then, find a potential energy function for F'. Is I’ a conservative force? Discuss. Explain
these seemingly contradictory results.
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Problem 10 (10pts) Let F(z,y) = ;gi—?
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