Physics 135-1 Midterm Solutions and Comments - =80 gm

1) A track with a vertical loop of radius 9 cm idtseg on Force on mass?

a table. An 80-gm mass is at the top of an “ong'am
which is 35 cm high relative to the bottom of tbep.
There is no friction. When the mass is releaseligaes
sliding around the loop, what will be the magnitad¢he
force acting between the track and the mass wheen th
mass is at the top of the loop?

35 cm

Solution: The mass has an acceleration®f as it

circles the loop. The acceleration always poioveaird

the loop’s center, so it points downward if onatishe

top of the loop.v7/r is thenetacceleration of the mass, st :
it goes on the right-hand side B maand our force equation ismg + N = —m%r, whereN is the normal
force the track is exerting on the mass. To findie equate the kinetic energy of the mass to llaage in
its gravitational potential energy. It has fal@Hhicm — 2x 9 cm = 17 cmso we havé: mvZ = mgbh, or

v? =29(0.17) = 3.33 Ats™. [An enormous number of students used 35 cmhiaheight, but that gives you
the kinetic energy of the mass at the bottom otdbp, not the top.] We haw =-m(3.33/0.09) + mg =
—2.96 + 0.784 =2.18 N The minus sign shows that the track is pushowrdvard on the mass, as
expected. This problem could also be solved frloeviewpoint of a fly riding on the mass. In thase one
has “centrifugal force” pointing upward, gravityipting downward, and the two forces add to give the
“weight” of the fly, which must equaiN.

Problem average: 4.9 Number skipping it: 20

2) You are pushing an open crate full of sand akieyel sidewalk. The coefficient of friction= 0.35 for
the crate and sidewalk. The crate originally hadsas of 40 kg, but it has started to rain and water is
soaking into the sand at a constant rate of 0.1f2ikgvery meter the crate is pushed. How muchgneill
you need to expend to push the crate 300 metemndahe point where it started to rain?

Solution: The frictional force i$ =mmg. However, the mass is not constant in this daseis changing at
a rate 010.12 kg/m Writing the mass change ies= 40 + 0.12 xwherex is how far the crate has moved,
gives us a force function &f(x) = (0.35)(9.8)(40 + 0.12 x)The work done will be the integral Bfx)dx, or
W = 137.2 x + 0.2058% evaluated from 0 to 300. We hawe= (137.2)(300) + (0.2058)(300F 59,682 J
The problem can also be solved using the cratesage mass, é£ [(40 + 0) + (40 + 0.1 300)] = 58 kg
ThenW =nmmgd = (0.35)(9.8)(58)(300) = 59,682a93

before. (This averaging trick only works because t Landing Point ———»
mass-change function is linear.)

Problem average: 6.8 Number skipping it: 28

3) A movie stunt calls for an air-cannon which iglaad at v
—cro : 0

g = 55° from the horizontal to launch a Halloween

pumpkin such that it will land on a point on afdifat is

exactly 195 meters away and 155 meters high. \Miiat 0

the initial velocity  of the pumpkin be?




Solution: The general equations of motion for the x- arakgs arex = X, + Wt andy = y, + Wt — % gf.

We can put the coordinate origin at the cannoiatxg = y, = 0, and sincery = pcog] andvy = vsing, the
equations then becom®5 = \ycos(55°)tand155 = ysin(55°)t — 4.9% Solving the left equation farand
substituting into the right equation, we havds5 = \sin(55°)(195)v, cos(55°) — (4.9)[19%, cos(55°)f, or
155 = 195 tan(55°) — (4.9)(34Q)%, orv = 67.7 m/s Some students semi-solved this problem by assumi
that the pumpkin would have zero y-velocity whereached the top of the cliff. This is an incotrec
assumption, but if one works through the numbegrits out that the pumpkin is only rising at 6. nvhen
it hits the edge of the cliff, so the answer olb¢diby assuming zero y-velocity is close to theexirone.

We gave significant credit for this, under the tiyethat studentsightbe using physical intuition to
guessimate the answer quickly, due to time pressure

Problem average: 7.9 Number skipping it: 4

4) Two people are trying to hold a barge still as/ar
floods past. They can just do this if one of thestarts
130 N at 34° to the barge's x-axis, and the othls pt
45° to the barge's x-axis from the opposite bask, a
shown in the illustration. Assume that the rivéidsv
is entirely along the barge's x-axis. How muclcéois
the river exerting on the barge?

Solution: The barge is not moving across the river's

flow (along the y-axis), so the forces being exéiig

the people must be equal and opposite in thatttrec

We haveg(130)sin(34°) = T sin(457whereT is the

unknown tension being exerted by the top person.

Inserting numbers yieldB = (130)(0.5592)/(0.7071) = 102.8 N'he x-axis tensions exerted by both people
must equal the force of the river, Ba= (130)cos(34°) + (102.8)cos(45°)180.5 N

Problem average: 8.7 Number skipping it: 2

5) A level, frictionless table has two masses @f B.2 kg and 3.2 kg, as shown at right. They are
connected by a frictionless pulley to a third maiss
5 kg, which is falling under the influence of grigvi
What are the tensions &nd T, in the cords?

Solution: We start by finding the acceleration of the
system. Since the gravity acting on the 5 kg n&ss
the only force in the problem, we have F = ma or
(5kg)(9.8) = (2.2+3.2+5.0@ara=471mk T,
only has to accelerate the 2.2 kg mass, so
T.=(2.2 kg)(4.71 mR =10.4 N T, must accelerate both masses on the table, sowee ha

T,=(2.2 kg + 3.2 kg)(4.71 nf)s= 25.4 N (There were a lot of tens on this problem, atat af zeroes. |
suspect this correlates well with those students edrefully studied Quiz 2, Problem 2 . . )

S kg

Problem average: 5.6 Number skipping it: 15



6) A mass of 0.2 kg is being spun in a circle onicibnless,
level surface. Itis held in place by an elasticdowhich has a
spring constant of k = 100 N/m, and a relaxed lemdt, = 1
meter. The mass is initially moving in a circlerpf 1.1 m, but
then the mass is sped up (the method is irrelewnat)t moves
outward to a radius o = 1.4 m.

a) What was the kinetic energy of the mass whema# at 1?
Solution: The force from the cord 5= k(x — %) = (100)(1.1 — 1) = 10 NFor circular motion this force
must equaimv?/r, soF = 10 N = mdr quickly gives ug~mv* = (0.5)(10 N)(1.1 m) 5.5 J

b) How much energy had to be added to the systanote the mass out toF 1.4 m?

Solution: As before, we find the kinetic energy frdafx — x) = m/r. We haves mv = % kr(x — %) =
(50)(1.4)(1.4 — 1) = 28.JThe kinetic energy change for the mass is #84s 5.5 = 22.5.JThe spring's
elastic energy has changed frés % k(x — %)* = (50)(1.1 — )= 0.5 Jto (50)(1.4 — 13= 8 1 The change
in energy for the spring (8 — 0.5) = 7.5.J The total energy change is tHer 22.5 + 7.5 30 J

Problem average: 4.0 Number skipping it: 39

Quickies
(For the most part, these questions were gradedaadly right, or wrong, no partial credit. | didt keep
statistics for each problem. The overall averagéhe Quickies was 6.2 out of 10.)

7) How many calories does it take to power a 75-Wgltt bulb for 18 minutes?
Solution: (75 W)(18 min)(60 s/min)/(4.186 J/cal) = 19,350 cal

8) The gravitational acceleration on Mars is g =r8/8. If | throw a baseball from a flat frozen Martian
lake (m = 0.2 kg, v = 40 m/s) at an anglegef 45° from the horizontal, what kinetic energyllie baseball
have when it lands?

Solution: Since the baseball lands at the same heightvvbith it was thrown, it has only kinetic energy
when it lands.E = % mv = (0.5)(0.2)(40)= 160 J

9) You are in a rocket sled on a flat desert whaselaration isncreasingby: a = (3 m/3t. If the sled
startsat x =0, v=0, t = 0, where will you beamit = 11 seconds?
Solution: a = 3tmeanss = % 3¢, which in turn meand ="/, 3t = (0.5)(11§ = 665.5 meters.

10) You buy a one-pound bag of cookies on Earth, therel to Mars. What weight will a metric scale
show for the cookies once you reach Mars? (SestigneB).

Solution: One English pound = 4.45 N, which is the metreght of the cookies on Earth. On Mars, they
will have a metric weight of4.45 N)(3.8/9.8) = 1.73 N

11) A skydiver with a mass of 82 kg leaps from aplame and soon reaches a constant downward velocity
of 105 m/s. What is the frictional force actinglim due to air resistance?

Solution: Since his velocity is constant, there is no netd acting on him. Thus, the air friction musti&iq
gravity. We havé- = (82)(9.8) =803.6 N

Midterm Average: 38.7 out of 60, or 64.5%
Low score: 6 /60 High score: 60/60



