PHY231 Midterm 2 Solutions

As usual, you may only use a calculator on this
test. The final 3 pages have all the formulas you
need. No communication between students is
allowed during the test. Please address any
questions to me.
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Problem 1: A curve of radius 200m is banked at an angle p-15°
as shown. The coefficient of static friction between the tires
and the road is PLS=0.6. Please solve the problem using the

following steps.
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1la. Assume that there is no friction. Draw the FBD, and knowing
that the centripetal acceleration points to the center of the
curve, find the rated speed of the curve. UD Fo{n}-_s)




1b. The car travels at 35m/s. Again draw the FBD, and set
up the simultaneous equations for n and f_s. Note

that f_s will in general not be equal to its maximum value.
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1c. Solve the simultaneous equations to find the values of n and

f s of part 1b. (g‘P),S)
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1d. The driver (travelling at 30}7‘/5) sees a deer in the headlights.
How fast can the car brake without skidding? | am looking for a
value of the tangential acceleration in m/s” 2.
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Problem 2. A block of mass M=1.5kg is held against a compressed
spring of force constant k1=2000N/m. The compression is unkown.
The mass is released and it is noted that it barely goes around the
loop-de-loop of radius 1.5m shown. After this it travels up the slope
shown and ends up at rest at the point C. Solve the problem

using these steps.
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2a. Draw a FBD of the block at the very top of the loop, marked
B. Find the minimum speed it must have in order to not lose
contact with the loop. (\0 PB)
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2b. By using the conservation of mechanical energy between A
and B find the initial compression of the first spring. ([0 pts )
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2c. Draw a FBD of the block traversing the slope, and determine
the numerical value of the force of friction. {)5"])\—5
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2d. Use the Work-Energy theorem to find the distance it
travels up the slope before coming to rest. (\O P\—; D)
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Problem 3. Two blocks of masses M1=2.95kg and M2=2kg are at
rest initially on a frictionless surface. A bullet b of mass 50gm
slams into the block M1 at a velocity of 300m/s. It embeds itself
in the block. The combination then continues to M2 and has a
perfectly elastic collision with M2, Follow these steps.
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3a. The first collision is between the bullet and M1. Use
conservation of momentum to find the final velocity of
the combination M1+b. ((0 F}S)
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3b. The second collision is the perfectly elastic one between
M1l+bullet and M2. Find the velocity of the COM frame. (IO PFS)
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3c. Using your knowledge of how a perfectly elastic collision
proceeds in the COM frame, find the final velocities of M1+b
and M2 in the COM frame, and thus the lab frame. (lo P\’S>
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Some Useful Formulas
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