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PHYS 1311 Spring 2022 Test 1
Feb. 3, 2022

Name Student 1D __________________ Score ________

Note: This test consists of one set of conceptual questions, five problems, and
a bonus problem. For the problems, you must show all of your work, calculations,
and reasoning clearly to receive credit. Be sure to include units in your solutions
where appropriate. An equation sheet is provided on the last page.

Problem 1. Conceptual questions. State whether the following statements are True or
False. (10 points total, no calculations required)

{a) On a plot of force versus time, the area under the curve from f, to ty is the impulse.
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(b) Newton’s 2nd law is valid in a noninertial fr;mfm of reference.
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{¢) According to Einstein's theory of Special Relativity, the momentum of a particle of
mass m cannot exceed me.
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{d) For a position versus time plot, the slope at any point on the curve is the instantaneous
velocity.
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Problem 2. A ball of mass m traveling with velocity < 1,.0,0 > hits a wall and rebounds

with velocity < —u,,0,0 >, (a) What is the change in momentum of the ball? (b) What is
the change in the ma;.,mtude of the momentum of the ball? (15 points total)

) AP =T - F=ni
J = m[<“\/)(00> <VX do>:-( W

Alfl= (Bl =1Fil = [my [ ~[m "l = 57

Problem 3. Given three vectors in the x-y plane with A=10 at 45° with respect to the
positive x-axis, B = 5i — .3_) and C= =5 at 30° with respect to the negative y-axis. Determine
for the resultant vector R = A + B + € its components, magnitude, and direction with
respect to the p;fl J\c x-axis. (15 points total)
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Problem 4. At ¢ = 16.0 s n object with mass 4 kg was observed to have a velocity of
< 9,29, ~10 > m/s. At t = 16.2 3 its velocity was < 18,20, 25 > m/s. What was the average
net force acting on the object? Give A‘ component form and also determine the net average
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Problem 5. The position of a particle as a function of time is given by 7 = (6.0t + 5.0025)
m, where £ is in seconds. (a) Find an expression for the particle's velocity @ as a function of
time. (b) What is the velocity vector at # = 10 s? (¢) What are the units for the constant
6.07 (15 points total)
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Problem 6. (a) Beginning with the following form of Newton's 2nd law,

Fualt) = 2, )

derive the momentum update relation, but with F,.. a function of time ¢, using definite
integration methods. (b) Consider an electron entering a region in which it experiences a
net time-dependent force given by F(t) =< Apt, 0,0 > N, with Ay = 2.75 x 10~ N/s. If the
initial velocity of the electron at t; = 0is 4} =< 0.01¢,0.01¢, 0 >, what is its final momentum
and velocity at £; = 1.0 x 107" s using the equation derived in part (a). You can give both
in units of ¢. (¢} Is neglecting relativistic effects justified in tlns case (Le., compute ¥).7 (30
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Bonus Problem. A projectile is lannched from ground level st an apdle 8, and speed
into a headwind that causes a constant horizontal acceleration of magfitude a oppaosite the
direction of motion. (a} Derive an expression in terms of a, g, and #; for the launch angle
that gives maximum range. {b) What is the angle for maximum range if a is 10% of g?
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