Name }@8_ Seat Number

PHYSICS 2110
Exam II — Fall 2010

INSTRUCTORS (Circle ONE): CLASS MEETING TIME

Shriner MWF 8:00 AM
Ayik MWF 10:10 AM
Murdock MWF 12:20 AM

YOU MUST SHOW YOUR WORK ANID EXPLAIN YOUR REASONING TO RECEIVE
CREDIT. ALL CELL PHONES AND OTHER COMMUNICATION DEVICES MUST
BE TURNED OFF AND STORED OUT OF SIGHT. NO EXTRA PAPERS ARE
ALLOWED OTHER THAN THE PROVIDED FORMULA SHEET.

Free-body diagrams are required for problems involving forces. For problems involving free-
fall, you may ignore air resistance.

PROBLEM POINT VALUE YOUR SCORE

] 4

2 8

3 14

4

5

6 23

7 10

8 15

9 8

10 10

TOTAL 100
1. For each of the following quantities, identify whether it is a vector or a scalar. (4 pts)

(a) Momentum Vector
(b) The dot product of two vectors Stalr
(c) Kinetic energy ﬁ'ﬂ)&f

(d) Potential energy ﬁﬁb/‘

2. Find the angle between these two vectors: (8 pts)
A =1.01—2.0j — 3.6k
B = —45i—1.6] — 2.2k
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3. You wish to lower a large crate down a ramp and have attached a rope to the crate to allow you
to prevent it crashing to the bottom. Frictional forces along the ramp are sufficiently small in this case
that they may be ignored. Just in case you and the rope don’t do the job sufficiently well, a section of
rough surface 3.0 meters long (p = 0.20) and a spring are located along the horizontal surface, as
shown below, to stop runaway objects.

Rough surface

L

In the particular situation at hand, the crate has mass 122 kg, the ramp makes an angle of 20.5° with
horizontal, the spring constant is 440. N/m, and the total distance traveled along the ramp 1s 5.2 m.
Unfortunately, as the crate is part of the way down the ramp, the rope breaks, allowing the crate to slide
the rest of the way and run into the spring. The maximum compression of the spring 1s 0.52 m.
Another mechanism (not shown in the figure) then grabs and holds the crate in place to prevent further
mayhem.

(a) How much work is done by gravity on the crate? (3 pts)

Wy = "”@Aé - ‘“022/:@)[?.5’0»‘:/5’)(5..251 . 20.5°) =2200T

(b) How much work is done by the spring on the crate? (3 pts)

w}frfrﬁ = Z/QX; _%)%z =0 _‘é (WO”/M)(}Z”()L = ‘“é&f

(¢) How much work is done by friction on the crate? (3 pts)
W = - Y M = —/L/Rmé,dx B fa.za)ﬂzzzj)&.gﬁ/;l) [547,“) L Z’AY

(d) How much work is done by the rope on the crate? (5 pts)

W,(QL:A‘K AK:QM’K‘,} -—0OJ-0J =07

Wt = Wg,mv 7 W;yn‘,g * Wi 7 Wmfe e
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4. In four situations, a horizontal force is applied for a short time to change the velocity of a
hockey puck sliding over frictionless ice. The overhead views shown in the figure indicate for each
situation the puck’s initial velocity ¥; and its final velocity . Rank the situations according to the
work done on the puck by the applied force in order from most positive to most negative. You must
include an explanation of how you determined your ranking in order to receive any credit on this
question. (4 pts)
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5. A large blob of slime is dropped or thrown from the edge of a cliff. Which of the graphs in the
figure below could be a correct representation of the blob’ﬁ/kinetic energy as a function of time? (4 pts)
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6. A 2.00 kg and a 8.00 kg hockey puck move on a frictionless horizontal surface. The 8.00
kg mass is initially at rest at the origin and the 2.0 kg mass moves on the x axis in the +x

direction at a speed of 6.002.

After the collision, the 2.00 kg mass recoils at 3.00%1in a direction 135.0° from the +x axis.

y 1 y !
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v !
(a) Find the x and y components of the final velocity of the 8.00 kg mass. (10 pts)
A= rnumg,-n'f'uwv‘_ 19 ¢ msre(\rf-d g
(1.ou)(60%) = (2°° ) (3.9%) (-eos45”) + (R.0° la) V.
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(b) Find the final speed and direction of motion of the 8.00 kg mass. (4 pts)

V= AVgr v = 2.10%

Diuc‘hml

O = tax! (“—u-i%—) = - )4.6°

2.03

(¢) How much kinetic energy was lost in the collision? (4 pts)
. P
K.= L(ze0 ) (60%) = 26.07T
17 mA* S
Ke = Lawaxgo3)’ +h(weon)(210%) = 2667
o 15 B~ Ke = 9% 1
(d) What is the velocity of the center of mass of the system before and after the collision?

(5 pts)
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7. (a) Circle the correct number or numbers: In order for mechanical energy to be conserved in
a process, it is necessary that (3 pts)

(i) the process is a collision.
(ii) fhere are only conservative forces acting.

(iii) there are non-conservative forces acting.

nly conservative forces are doing work during the process.

(v) only non-conservative forces are doing work during the process.

(b) A block slides from A to C along a frictionless
ramp, and then passes through a horizontal region CD
where a frictional force acts on it. (4 pts) A

(i) Is the kinetic energy of the block increasing,
decreasing, or constant in region AB?

IncCyeasun '
(ii) Is the kinetic energy of the block increasing,
decreasing, or constant in region CD?

de<jamn 9
(iii) Is the mechanical energy of the block increasing, decreasing, or constant in region
AB?
ConstgnlC
(iv) Is the mechanical energy of the block increasing, decreasing, or constant in region
CD?

cJ‘QCI’Qqaaing,

(c) The figure shows a graph of potential energy vs. position for a particle moving along a
straight line. Three points (A, B, C) are marked along the x-axis.

. m - )

N4

Which of the following statement is true for this potential energy? (3 pts)

(1) This could not represent an actual physical situation because the potential energy
is negative at some points.

(ii)  There are three positions which are points of stable equilibrium.

The magnitude of the force on the particle is larger at point A than at point C.

(iv)  For a given value of x, the particle can have a total energy that lies either above or
below the value given by the curve at that point.

(v) The magnitude of the force on the particle is greatest near point B.



8. A M =2.0 kgblockis dropped from rest onto a
vertical spring. The velocity of the block just before
touching the platform attached to the spring is v =>5.0 m/s,
and the maximum compression of the spring is D = 0.50 m.
Ignore friction, the mass of the spring and the mass of the
platform.

(a) Calculate the spring constantk . (9 pts) %_3
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(b) On the rebound, calculate the maximum height that the block rises above the equilibrium
level of the platform. (6 pts)

}’Hg,H-.:: -‘z-:-sz'

9. A m = 1.2 kg ball drops vertically onto the floor, striking with a speed of vp = 25.mls.

It rebounds with an initial speed of v=10.m/s. The ball is in contact with the floor for
At =0.02s.
(a) What impulse acts on the ball during the contact? (4 pts)

J=mV—-mVe = [(.2Zx [0~ l.?.x(—-z';)

J = l?..+30-=“(-2. NS (

(b) Calculate the magnitude F of the average force on the floor from the ball. (4 pts)

Ak o.0Z




10. A particle moving along the x axis experiences a force given by

F,(x) = _@_‘Ti
X
a) What is the work done on the particle as it moves from x=1.0 m to x=3.0 m ? (8 pts)
Ho (39n) |
W = Jf—l dx = — (400 Nw¥) j - dX
X, (a‘-‘ﬂ-) X*
I'3-°m) | ‘
= (4> N'm") (,,12) \(i.om) = (4.00 N‘m) (igm_- i
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b) What is the change in potential energy of the particle for this same displacement? (2 pts)

A = —W = 2.677 JW




