SAMPLE QUIZ 4

Thisisaclosed book, closed notes quiz. Calculators are permitted. The ONLY formulas that may be used are those
given below. Define all symbols and justify all mathematical expressions used. Make sure to state all of the assumptions
used to solve a problem. Credit is given only for alogical and complete solution that is clearly communicated. Partial
credit will be given for awell communicated problem solving strategy based on correct physics such as the strategy
illustrated in the Competent Problem Solver. MAKE SURE YOUR NAME AND ID #1SON EACH PAGE!! Each
problem isworth 25 points: In the context of a unified solution, a useful picture, defining the question, and giving your
approach isworth 6 points; a complete physics diagram defining the relevant quantities, identifying the target quantity,
and specifying the relevant equations is worth 6 points; planning the solution by constructing the mathematics leading to
an algebraic answer and checking the units of that answer is worth 7 points; calculating a numerical value with correct
units isworth 3 points; and evaluating the validity of the answer isworth 3 points. The multiple choice questions are
worth 2.5 points each for atotal of 25 points.

Useful Mathematical Relationships:

For aright triangle: sinezg, cosezg , tanezg,
: a a2+b2=c2 sin20+cos?0=1
For acircle: C=2nR, A = tR2
4
b For asphere: A =4nR2,V =3 R3
B+ \/B2-
If AX2 + Bx + C =0, then X = B 2I,3A AAC
n .

d(z ): it d(cosz) — _sinz | d(sinz) _cosz | df (2) _ df (z) dz | f(d—w)dz:w,
dz dz dz dt dz dt dz
d N Zn+l
—Jwdz=w, |z dz= nz-1
dzJ f n+1( )
Fundamental Conceptsand Principles:
- AX - dist — Ay g AC A8 _ A®
Vx =— S=——+ dyx = - w=— o=—

At At At r At At

dx dr dVX do Vi do A Zﬁ_ ma
T dt dt T dt S T
T=TrFy 2t=lo W = [Fed/ KE:lmVZ Et —Ei = AEyranster | P=MV

path 2

Be — D = AT - = - >mf [Ffdm 2 2. |-
Pt —Pi = APtransfer | Pyangter = J Ft|  Togm = ZWI‘iI = Tam | =>mr" =[r%dm | L =l®
Lf —Li = Algrangfer | L =T XP L trangfer :J?dt

Under Certain Conditions:

2

1 1
xf:—zax(At)2+vOXAt+x0 F=uFn | FSUusFN | E = kAX KE:E|(D PE=mgy |PE= kx?

N |-

0 :loc(At)2+0) At+0 ve 2 | Vem =To
=5 o o azT | =l¢m+Md cm

Useful constants: 1 mile = 5280 ft, g = 9.8 m/s2 = 32 ft/s2




Problems

1. You have been hired as a stunt advisor for amovie to be shot in Minnesota during the winter. The
villain attempts to crush the hero by releasing alarge sewer pipe from rest on aboat ramp. It rolls
down the ramp and at the bottom of the ramp it encounters the horizontal, slick ice of a frozen stream.
Having crossed the frozen stream, the pipe starts up a second ramp that is covered with slick ice. The
hero is standing at the top of this ramp. The director wants the sewer pipe to almost reach her. Y our
assistant has measured the maximum height (above the frozen stream) that the center of the sewer pipe
can reach. He has aso measured the mass and radius of the pipe and the different angles that the two
ramps make with the horizontal. At what height do you tell the crew to place the center of the sewer
pipe before releasing it on the first ramp?

2. You are helping to design the opening ceremony for the next winter Olympics. One of the
choreographers envisions dancers running, then sliding out onto the ice and each grabbing alargering
(the symbol of the Olympics) that has about the same weight as adancer. Thering is held horizontally
at shoulder height by avertical pole stuck into theice. The poleis attached to the ring on its
circumference so that the ring can rotate horizontally around the pole. The plan isto have a dancer
grab thering at a point on the opposite side from where the pole is attached and, holding on, slide
around the polein acircle. You have been assigned the task of determining the minimum speed that
the dancer must have before grabbing the ring in terms of the radius of the ring (r), the mass of thering
(M), the mass of the dancer (m), and the constant frictional force (f) between the dancer’ s shoes and
theice. The choreographer wants the dancer and ring to go around the pole at |least twice. The dancer
moves tangent to the ring just before grabbing it.

3. You are part of ateam evaluating adesign for anew bridge across the St. Croix River. To save
money avery simple construction technique has been proposed. The bridge will be aflat horizontal
structure hanging at each end from alarge cable. The other end of each cable is supported by two high
towers on either side of theriver. Because of the different geology of the two banks of theriver, the
towers are different distances from the bridge. This requires each cable to be attached to the bridge at
adifferent angle. The design specifications give the two different angles that the cables are attached to
each end of the bridge, the weight of the bridge, and itslength. To begin your structural analysis, you
need to find the position of the center of mass of the non-uniform bridge.

Part 111 - Conceptual Questions

1. A sted bal rollswithout slipping down aramp starting from rest and an identical steel ball, also
starting from rest at the same place, slides down an identical but frictionless ramp. At the bottom
of the ramp

(@ thedliding ball is going faster than the rolling ball.

(b) therolling ball is going faster than the sliding ball.

(c) both balls are going with the same speed.

(d) the answer to this question depends on the length of the ramp.
(e) theanswer to this question depends on the height of the ramp.



2. A uniform plank of wood is supported on two scales as shown.
Which of the following statementsistrue?

(&) A exertsboth agreater force and a greater torque about the
center of the plank than B.

(b) B exertsboth agreater force and a greater torque about the center of the board than A.

(c) B exertsagreater force than A but both exert the same torgque about the center of the
plank.

(d) A exertsagreater force than B but both exert the same torque about the center of the
plank.

(e) Both A and B exert the same force and the same torque about the center of the plank.

3. A projectile moving to the left explodes at the top if its trajectory and breaks into two equal
parts. Just after the explosion, one part has zero velocity and then drops straight down. What
isthe direction of the other part of the projectile just after the explosion?

(&) Straight up.

(b) Totheright.

(c) Upandtotheleft.
(d) Down and to the right.
(e) Totheleft.

4. Thefigure depictsadisk that isrotating in the clockwise direction. When
the power isturned off, the disk gradually slows down and stops. Which ~a
figure below shows the directions of the angular velocity vector (o) and
the angular acceleration vector (o) during this slowing down process?
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5. Aring rollswithout dlipping across the floor. The ring's rotational kinetic energy is
(@) larger thanitstrandational kinetic energy.
(b) smaller than itstrangdational kinetic energy.
(c) equal toitstrandational kinetic energy.

(d) independent of its mass.
() independent of its center of mass motion.

(€)



6. You pushonabar of length L as shown in the picture.
The bar is pivoted about an axis through its center as

shown. The torque you are exerting on the bar is L p
(@ PL f s —_0_
(b) P(L/2) =

(c) P(L/2)sin®
(d) P(L/2) cos6
(e) P(L/2)tan®

The figure depicts two pucks on africtionless table. Puck | isthree
times more massive than puck 1. Starting from rest, both pucks — Finish ——
are simultaneously and continuously pushed across the table by
equal forces. The next two questions refer to this situation.

7. Which puck will have the greater energy at the instant the first
puck reaches the finish line?

(@ puckl
(b) puck Il
(c) They will both have the same energy. I Em) @ -
(d) Too little information to answer. T T
F F

8. Which puck will have the greater momentum at the instant the
first puck reaches the finish line?
(@ puckl
(b) puck Il
(c) They will both have the same momentum.
(d) Too little information to answer.

9. Anelevator isbeing pulled up straight up on acable at a constant speed. The elevator only has
contact with the cable. Ignoring any effects dueto the air:
(@) thetension of the cableis greater than the weight of the elevator.
(b) thetension of the cableislessthan the weight of the elevator.
(c) thetension of the cableisequal to the weight of the elevator.
(d) which is greater depends on how fast the elevator is going.
(e) thereisno connection between the tension of the cable and the weight of the elevator.

10. The space shuttle in acircular orbit around the earth has a gravitational acceleration of about 0.95
g. Thetorque exerted on the space shuttle by the Earth is

(& 9.5 timesits masstimes the distance of the shuttle from the Earth.
(b) toward the Earth
(c) tangentia to the shuttle’s orbit

(d) perpendicular to the plane of the shuttle’s orbit
(e) zero



