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3 problems, 25 points each, and 907 minutes.

Please follow these directions to ease grading and to maximize your score.

a) No calculators, books or notes allowed. A blank page for tentative scrap work is provided at the back.
Ask for extra scrap paper if you need it. If you want to hand in extra sheets, put your name on each
sheet and refer to that sheet in the problem book for the relevant problems.

b) Full credit if

N . .
o~ —free body diagrams« are drawn whenever force, moment, linear momentum, or angular mo-

mentum balance are used;
correct vector notation is used, when appropriate;

[ ]
7—  any dimensions, coordinates, variables and base vectors that you add are clearly defined;
+  all signs and directions are well defined with sketches and/or words;
;.

reasonable justification, enough to distinguish an informed answer from a guess, is given;
you clearly state any reasonable assumptions if a problem seems poorly defined,
e workis I ) neat,
I1. ) clear, and
I11.) well organized,;

« your answers are TiiLy Repucep (Don’t leave simplifiable algebraic expressions.);
O your answers are in; and .
> Matlab code, if asked for, is clear and correct. To ease grading and save space, your Matlab code
can use shortcut notation like “87 = 18” instead of, say, “theta7dot = 18”. You will be penalized,
but not heavily, for minor syntax errors.

c¢) Substantial partial credit if your answer is in terms of well defined variables and you have not substi-
tuted in the numerical values. Substantial partial credit if you reduce the problem to a clearly defined
set of equations to solve.

Problem 1: /25

. Problem 2: /25

Problem 3: /25




1) (25 pt) A shot pellet mass m hits a bird or person’s skin at speed vg. Neglect gravity. Assume m, vy
and ¢ (below) are given. Assume one dimensional motion in, say, the z direction.

a) (15 points) Assume that the force of the flesh on the pellet is —cv, that is the drag force

resists motion and is proportional to the speed. How far does the pellet go before it comes

to rest? (Please re-read the rules at the front of the exam.)
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b) @ points) Assume that the force of the flesh on the pellet is —c|v|v, that is the drag force $ F -
resists motion and is proportional to the speed squared. How far does the pellet go before [y)
it comes to rest (the answer is perhaps surprising). X .
. . . . : A Sfame
@ points) Given that quadratic drag (b above) is a much more accurate model than linear \/ >0

drag (a above) for fast moving things in air, water and flesh, why does the calculation in b
give a patently ridiculous answer? How could you change the calculation to make it more
accurate? (It might be possible to get this problem right without getting b right.)
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2) (25 pt) A torque T varies in time as it must in order to rotate a rigid rod
at constant rate of # = 2 rad/s. A bead slides on the rod. At the
start t =0, # =0, r = Im and 7 = 0. Neglect gravity and friction.

a) (15 points) What is the radius when 6 = 27?
b) (5 points) What is the speed |v| when 6 = 277

¢) (5 points) When 8 = 97 /4 what is the direction of v. A very
simple answer is desired which is not exact, but is accurate

to within a degree or less.
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’ 3) (25 pt) A uniform square horizontal rigid plate ABCD has weight mg and

is held in place by 6 negligible-mass rods. You need not write long

vector formulas if you can confidently justify your answers without
them.

a) (ﬂ points) Use moment balance about axis AH to find the
tengjon in rod BIL.

b) (M%points) Find the tension in rod AH.
c) (% points) Find the tension in rod AE. 'i
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