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Pruysics 231, SPRING 2023.

TeST I (150PTS+20PTS)

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/s%.

Problem 1 (15pt) Consider a mass M undergoing one-dimensional motion in the z-direction. At time
¢t = 0 the mass is at position z = z,. The velocity at time ¢ is given by v = o + 8t* where
a, B8 are constants. (your answers will involve the given constants)

(a) Find the net-force on M at time ¢
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(b) Find the position of M at time t.
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Problem 2 (10pts) Find the magnitude and standard angle for FF = —(10 N)Z — (10 N) 7.
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Problem 3 (10pts) Suppose P = (0,1,1) and Q'= (=3, 2,8) and R = (2,0,2). Find the angle at P
interior to the triangle PQR.
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Problem 5 (15pt) A man stands on the roof of a 18.0m tall building and throws a rock with a
velocity of magnitude 15.0m/s at an angle of 30.0° above the horizontal. You can ignore
air resistance. Assuming the building is on a horizontal plane, find how far the rock
travels horizontally from the point where it was thrown.
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Problem 6 (10pts) Given the position on mass m at time t is 7 = (at, 8t*,vt3) find the speed and
net-force on m:
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Problem 7 (15pts) Pastor Chuck throws a roll in such a way that its horizontal range is equal to five
times its maximum height. At what angle of inclination was roll thrown ? Assume a level
landscape and ignore air friction (treat the roll as a projectile).
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Problem 8 (10pts) Suppose the coefficient of s,taft'l’é friction is puy = 0.6 for the box sliding along the
plane pictured below. If F, = 2M g then find the acceleration of M
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Problem 9 (15pts) Suppose forces F; and F, push on masses m; and mgy on a frictionless plane. Find
the contact force between the masses.
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Problem 10 (10pts) Suppose a car is increasing its speed at a rate of 3m/s? when its speed is 20 m/s.
If the car is moving around a flat circular track with radius R = 100 m then what is the

magnitude of the acceleration on the car ? Also, plot the acceleration vector based at the
indicated dot (which represents the car) on the diagram below:
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Problem 11 (15pt) Suppose the plane has a coefficient of static friction of us = 0.8 for the box M.

Further suppose M = 4m is connected by a very light cable over an essentially massless
pulley to the mass m. Find largest angle « for which the masses stay motionless.

Hint: sina = /1 — cos? .
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Problem 12 (30pts) On level ground Kakashi can throw a particular ninja tool a distance of 50 m. If
Kakashi throws the ninja tool while riding on a sprinting hound running 20 m/s then how
far can Kakashi throw the tool? Ignore air resistance and assume both throws are
optimal and the throws begin and end at the same height (perhaps his target is Mighty=

Guy on a large turtle, or, a large cat). Also, assume Kakashi can throw just as hard when
on the ground or riding the ninja hound. (use calculus as appropriate)
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