Physics 8, Fall 2015, Practice Exam. Name:

This open-book take-home exam is 10% of your course grade. (The in-class final exam will be 20%
of your course grade. For the in-class exam, you can bring one sheet of handwritten notes and a
calculator.) You should complete this exam on your own, without working with other people. It is
fine to discuss general topics from the course with your classmates, but it is not OK to share your
solutions to these specific problems. Feel free to approximate g = 10 m/s? if you wish.

Due by 5pm on Tuesday, December 8, 2015, in DRL 1W15.

Please show your work on these sheets. Continue on other side if needed.

1. (15%) Conceptual force questions.

(a) A table sits on the floor, and a small scale model of the Parthenon sits on top of the table. For
the sake of specificity, assume that the mass of the scale model equals one-half the mass of the table.
All objects are at rest. Identify all forces exerted on the table, and describe how these forces are
related. Then draw a free-body diagram for the table, making the lengths of the arrows represent
the relative magnitudes of the forces.

(Problem continues on next page.)

phys008 /pexam.tex page 1 of 13 2015-12-01 16:51



(b) You and a child are standing on a bathroom scale, which uses compression of a spring to measure
the force exerted by your feet on the scale. Draw a graph (force vs. time) that shows (qualitatively)
what happens to the scale reading as you lift the child onto your shoulders. Assume that first you're
both standing still. Then you raise the child above your head and pause. Then you lower the child
onto your shoulders, where he or she stays. You just need to indicate (and clearly label), for each
relevant part of the journey, whether the scale reading is equal to, larger than, or smaller than your
combined weights. Don’t omit any relevant features!

(c) For three representative segments of your graph from part (b) (representing when the child is not
accelerating, when the child is accelerating upward, and when the child is accelerating downward),
draw a free-body diagram for the child. Each diagram should indicate all forces exerted on the child
and should indicate the direction in which the child is accelerating (or else should indicate @ = 0).
(So that’s three free-body diagrams.) Make sure the lengths of the arrows are representative of the
relative magnitudes of the forces. Also, if there is any force whose magnitude is the same in all three
diagrams, make that clear on your diagrams.
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2. (10%) You have a weekend job selecting speed limit signs to put at road curves. The speed limit
is determined by the radius of the curve and the bank angle.

(a) For a turn of radius 400 m and a 7.0° bank angle, what speed limit should you post so that a car
traveling at that speed negotiates the turn successfully even when the road is wet and slick?

(b) Now suppose that road conditions are good, so that even a car whose speed is quite a bit faster
or slower than your posted speed limit successfully navigates the turn without slipping. Draw three
free-body diagrams showing the forces exerted on the car as it travels around the curve: (i) one for
the car moving at exactly your posted speed limit; (ii) one for the car moving somewhat faster than
your posted speed limit; (iii) one for the car moving somewhat slower than your posted speed limit.
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3. (10%) A meter stick of mass 0.510kg is supported, in a horizontal orientation, by two vertical
strings, one at the 0 cm mark and the other at the 80 cm mark.
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(a) What is the tension in the string at 80 cm ? (I mean the tension in the straight part of the string
that is above the ruler; don’t worry about the small portion that encircles the ruler.)

(b) What is the tension in the string at 0 cm ?
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4. (10%) The figure shows two horizontal beams. Each beam is 20m long. The upper beam is
roller-supported at A (its left end) and pin-supported at B (its right end). It carries a uniform load
w = 3.0kN/m over the left half of its length. The lower beam is pin-supported at C' (its left end)
and roller-supported at D (its right end). A 5.0kN concentrated load is applied to the lower beam,
at the angle shown (it’s 53.13° from the horizontal, i.e. tan(53.13°) = 4/3), a distance 5.0m from
support C. The roller A that supports the upper beam rests on the midpoint of the lower beam.
The weight of each beam itself can be neglected.
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(a) Draw an extended free-body diagram for the upper beam, indicating all forces acting on the
beam, their directions, and their lines of action. In this diagram, replace the distributed load with
an equivalent point load. (It’s “equivalent” for the purpose of finding the support forces.)

(b) Find the support forces A,, B,, and B, exerted by supports A and B on the upper beam.

(Problem continues on next page.)
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(c) Draw an extended free-body diagram for the lower beam, indicating all forces acting on the beam,
their directions, and their lines of action. Don’t forget the force exerted by roller A (which counts as
a load on the lower beam).

(d) Find the support forces C,, Cy, and D, exerted by supports C' and D on the lower beam.
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5. (15%) A shop sign of mass M = 21.0kg is suspended from a uniform beam of mass m = 13.5kg
and length L = 19.0m. The horizontal beam is supported on the left by a hinge; the beam is also
supported, a distance 13.0m from the hinge, by a guy wire that makes an angle # = 17.1° w.r.t.
the beam. The sign is supported 16.0 m from the hinge. Neglect the mass of the guy wire and the

thickness of the beam.
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(a) Draw an extended free-body diagram for the beam, indicating all forces acting on the beam, their
directions, and their lines of action. Don’t forget the mass of the beam itself.

(Problem continues on next page.)
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(b) Find the tension 7" in the diagonal guy wire and the forces F, and Fj exerted by the hinge on
the beam. (Remember that forces are in newtons, while masses are in kilograms.)

(c) If the guy wire has a circular cross-section of radius R = 0.0100m (that’s 1.00 cm), what is the
(tensile) stress in the guy wire? (Remember that stress has units of N/m?.)

(d) If the guy wire is made of steel having Young’s modulus £ = 2.0 x 10! N/m? and has unstretched
length 13.6 m, by how much does the guy wire stretch (i.e. how much does its length increase) when
it is under tension?
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6. (15%) Consider the truss shown below.
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(a) Find the force F), exerted on the truss by the roller support at F.

(b) Using the Method of Sections, solve for the forces (tensions or compressions) in truss members
CD, HD, and HG. Indicate whether each of these members is in tension or in compression.
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7. (15%) For the overhang beam shown below.
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(a) Find the support forces A,, B,, and B, exerted on the beam by supports A and B.

(Problem continues on next page.)
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(b) Draw load (EFBD), shear (V'), and bending moment (M) diagrams for the beam.
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(c) What are the largest magnitude of the shear V' (in kilonewtons) and the largest magnitude of the
bending moment M (in kilonewton-meters)?
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8. (10%) Your physics teacher Bill gets the crazy idea that he himself will be the “mass” bobbing
up and down on the end of a stiff spring that is attached to the ceiling of DRL room A2. Bill first
hangs the spring from the ceiling and measures its relaxed length to be 0.85 meters. Then he climbs
the ladder, gradually applies his full weight to the lower end of the spring (by sitting on a little
attached bar), and measures the spring’s new equilibrium length (the length of the spring when Bill
is in static equilibrium) to be 1.55 meters.

(a) If Bill’s mass is 70 kg, what is the spring constant k of the spring?

(b) If someone pulls down on Bill’s feet until the spring’s length is 1.85 meters, holds them there for
a moment, then lets go (without giving any sort of push), will Bill’s motion repeat itself periodically?
If so, how often? If not, why not?

(c) Sketch a graph of the length of the spring as a function of time, where ¢ = 0 is where the person
lets go of Bill’s feet. Be sure to label the important features of the graph, e.g. period and amplitude.

(Problem continues on next page.)
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(d) If the person instead pulls down on Bill’s feet until the spring’s length is 1.70 meters, then lets
go, how will the period of the motion be affected? (State what the period will be.)

(e) How will the amplitude of the motion be affected? (State what the amplitude will be.)

(f) If Bill somehow managed to hold a 70 kg medicine ball while sitting on this same spring, thus
effectively doubling his mass, would the natural period of the motion be affected? (State what the
period would be.)
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