Problem Solutions for Physics 1301 Final

Problem 1

What is h as afunction of m, M, and L?
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Approach: Use dynamics, acceleration =0
Free body diagrams Force diagram
TJ_?TZ T, T,
w [I] [1]
Wy W,
Ti- Wp =0 T2- Wp=0 4 F, =Tsng+Tsng- Mg=0
T1 =Wy To =W, & F, =Tcosa, - Tcosq, =0
T1:T2:T:Wb:m9 01 =42 =9

Target : h(m,M,L)
Assume the frictional force on the pulley is negligible.
Assume the string mass can be neglected.

Plan unknowns
Find h h
sng=—" 11 sing
@0 2
e2g
Find sing
Tsng+Tsnqg- Mg=0 [2] T
Fnd T
T=mg [3]

3 unknowns, 3 equations — ok to solve



Solve [3] for T and put into [2]
2mgsnqg- Mg =0

solve for sing and put into [1]

S'nq—M
2m

Evaluate:

Check units: Thisis correct since the sag has units of lengthand all the mass units
cancel.

If the mass of the object (M) is larger than 2m, there is no solution for h Thisis
reasonable since a heaviest object that can be held by the force caused by the two hanging
masses has a mass of 2m.

If the distance between pulleys (L) is larger, h must be larger. Thisis reasonable since a
longer string will sag more.



Problem 2

Initial time time 1 - at bottom time 2 - hitsthe
of swing ground after flying
through the air.
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Find strength of the rope to keep from breaking (T) and distance away it hits the floor if it
does break (d).

Approach:

Use dynamics to get the force of the rope on the package at time 1.

aF =T-mg=ma,

Since the package is moving in acircle, at the bottom
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Get the speed of the package at the bottom from conservation of energy.
Use conservation of energy between the initial time and time 1.

E1- Eo = DEransfer

System: package and Earth

Initial time: energy of thesystem E, = mgh .

Time1: energy of the system E; =%m\/f

ay

DE transfer =0
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mvf =0
L-h
Use geometry to get h: cosq = I

Use kinematics betweentime 1 and fina time:

ty
yi, 1 +_T/1
g g

Yfl +LI__|\ X

X1 Xf,tf\v
f

y1=H yr=0

X1 =0 x=d

t1=0 =7

vy ="? vi=7?

& =9



Vertical and horizontal motions are independent
Horizontal: constant velocity

Vx =Vxav =7—=V1
tf
Vertical: constant acceleration

_ny :-g

Assume the mass of the rope is small (massless rope).
Assumethe air resistance is negligible.

Target: T,d
Plan unknowns
Find T T
V2

T-mg= m-1 [1] V1
Find v,

1 2
mh- ~mvi=0  [2 h
Find h
cosq = LTh [3]

3 unknowns, 3 equations — ok to solve

Solve [3] for hand put into [2]

cosq =——-
“ L

Lcosq=L- h
h=L- Lcosq

moL (1- cosq)- %m\/f =0 solve for w? and put into [1]
29L (1- cosq) = v?

T =mg(2(1- cosq)+1)
T= rrg(3- ZCosq)




Check units: units are correct for T since mg equals a force.

T= (70kg)§%.8ng(3- 2cos37o)
S g

T=96 10°N
Evauate:

If the mass of the package is larger, then the force on the rope is larger at the bottom.
This is reasonable since the rope must exert alarger force than the weight of the package.

If theinitial angle of the rope were 0, the cosine would be 1 and the force on the rope
would just be mg (the weight of the package). Thisisreasonable since if the rope did not
have any initial angle, it would not swing. The package would just hang straight down on
the rope and would not be accelerating.

The value for the strength of the rope is reasonable since it is more than the weight of the
package (700 N) but not a great deal more.

The value is reasonable since the force of the rope on the package must be larger than the
weight of the package since the package is accelerating in the radial direction at the
bottom of the swing.

Now solve for d

Plan unknowns
Findd d

— =V [1] vy, B

29l (1- cosq) = v# from solutionfor T [2]
Find t

0=-gft )2 +H 3

3 unknowns, 3 equations — ok to solve



Solve [3] for t; and put into [1]
1 2
=- =g(tf)* +H
Soltr)

ﬁ = tf
g
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Solve [2] for v and put into [1]

= 20 (L- cosq) solvefor d
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d= 2—H1/29Li1- cosqi
g
d= 21/HLil- cosqi

Check units. units are correct for d since square root of length squared equals a length
d = 2,/(1.om)(4.0m)L- cos37°

Evauate:

If the height of the package above the floor at the bottom if its swing were larger, then it
will go farther before it hits the floor. This is reasonable since it will have more time to
travel before it hits the floor.

If theinitial angle of the rope were O, the cosine would be 1 and it would not go any
distance from the bottom of the swing. Thisis reasonable since if the rope did not have
any initial angle, it would not swing. The package would just hang straight down on the
rope and not be moving.

The value is reasonable since the horizontal distance is about the same size as the
distance off the floor (1m) or the length of the rope (4m).



Problem 3
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What was the speed of both cars before the collision? Was either speed greater than 50
mph?

Approach:
Use conservation of momentum in the time interval just before the collision to just after
the collision.
System: both cars
Pt - Pi = DPtranfer
Assume the time interval of the collision is small so thereis a negligible
momentum transfer from the frictional force. The weight and normal force are
perpendicular to the plane of the street so cannot transfer any momentum in that

direction. DP{rgnfer =0

+y +y
Pa Pc
> g
P +X +X
Conservation of momentum:
Pry - Pix =0 Pry - Piy =0
fx |><_ y |X W= mg
Pix =MpVp Piy =MAVA
Prx =(ma +mp)v, cosq pry =(ma +mg)vesing
|(WA +WB)VCC05q' WBVB :OI |(WA+WB)VC§nq' WAVA =0

Use conservation of energy in the time interval just after the collision until the two cars
stop.

System: both cars

Et - Ej = DEgranfer

1
Ej = E(mA +mg)v3

Ef =0



The frictional force transfers energy out of the system. The frictional force is

constant during the skid.
f= rrFN

The weight and normal force are perpendicular to the motion of the cars so

cannot transfer any energy.
DE tranfer == Jfdf = - L

path
0- %(mA +mg)vg =-nfyL
R —
g

Get the normal force on the cars from dynamics There is no acceleration perpendicular

to the road.

aF, =Fy- Wag =0
Fn - (Wa +Wg)=0

Plan
Find VA
(WA +WB )VCS.n qg- WAVA =0 [1]
Find vc
1
2 (Wa +Wp)vg =nfyL  [2]
Find Fn
Fn - (Wa +Wg)=0
3 unknowns, 3 equations — ok to solve

Solve [3] for Fy and put into [2]
Fn =(Wa +Wg)g
1
Z_Q(WA + W vg =m(wp +Wg )L
Solve [2] for v and put into [1]

V¢ =+/2ngl

(WA +Wg L /2oL sing- Wpv, =0 solvefor va

w /2n‘g|_g'nq:VA
A

unknowns
Va
Ve

Fn



g_ﬂu: [v] Thisis correct since misisaunits of speed.
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Evaluate: 34 mphisa normal speed for driving a car in the city.

Now get the speed of the other car

Plan unknowns
Find W& VB
(W, +Wpg v, cosq- Wgvg =0 [1] Ve
Find v¢

=.J2ngL from solution for va [2]

2 unknowns, 2 equations — ok to solve
Solve [2] for v and put into [1]

(W4 +Wpg )/2moL cosq- Wgvg =0 solvefor vg

WJZHQL cosq =Vvpg
B

Check units: H ]—8 H [v] Thisis correct since m/s is a units of speed.
&

(26001b + 2200Ib) JZ(OBO) ! Ye6it) cos30° = v
22000 25
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69W= vg| Speeding

=Va

Evauate: 69 mph isa normal speed for driving a car on the freeway. It is possible.



Problem 4

What is the period of the merry-go-round after al the children are on?
Approach:

Userotational kinematics:
After al the children are on the angular velocity of the merry-go-round is
constant.
Neglect friction at the axis of rotation.
I nstantaneous angular velocity equals average angular velocity.
_Da_2p
W " =
Dt T
Use conservation of angular momentum to get angular velocity.
Lt - Li = DL transfer
Break the problem down to each time interval when a child jumps on.
System: merry-go-round (with any children riding on it) and the child jumping on.
Initial time: Just before jumping on
Final time: Just after jumping on

Timeinterval 1: Time interva 2: Time interva 3: Time interval 4:
Li = rmv; =rmvcosq | Li = lwi+rmvcosq | Li = lowe+ rmvcosg | Li = lsws+ rmvecosq
L1 =1iwg Lo =1hwy L3 = |3W3 Lt = l4wWy

I, =mr? + 1. Mr? I, = 2m® + Yo Mr? I3 = 3mr? + Ya Mr? l4 = 4mr? + Y2 Mr?




Conservation of angular momentum for the 4 time intervals:

I1wq - mv cosq =0

15w, - (Iwy +mv cosq) =0
| sw3 - (Iowo + My cosq) = 0
| 4wy - (I3w3 + mv cosq) = 0

W =mg
Target: T

Plan
Find T

|4W4 - §3W3+rﬂvcosqg:0 [2]
g %)

Find I4

14 = 4WIQ)r* + Y5 (Wn/g)r? [3]

Find w3

5

|3W3 - §2W2 + rﬂVCOSQi: 0 [4]
g 4]

Find lows

5

I owWo - glwl + rﬂvcosq;: 0 [5]
g a

Find liwq

lwy - rﬂvcosqzo [6]

6 unknowns, 6 equations — ok to solve

unknowns
T

Wy

laws, |4

low,

1wy



Solve [6] for 13wy and put into [5]
W
4wy =r—vcosq
g
&eWw wW 0
oWy - gr—vcosq +r—vcosqz==0
g g a
w .
oWy =2r—vcosq putinto [4]
g

a% w w 0_
I 3wg - g r—vcosq+r—vcosgqz=0
g g9 a

I gwg = 3rﬂvcosq put into [2]
g
A ?rﬂvcosq+ rﬂvcosquo
g g a
w
|4W4 = 4r—VC05q
Solve [3] for 14 and put into [2] and solve for wy

&, 0
W2 +1Mrziw4 = 4rﬂvcosq

g 2 9 @ g
wW
4—vcosq

Wy = W 1w, put into [1] and solvefor T
4—r+——2"7r
g 2 g
4Wvcosq _ 2p
4Wr+%er T
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Preaw +— W, +
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Check units: m = [s] = [t] Thisis correct since sis aunit of period.
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Evaluate:

The period increases if the radius of the merry-go-round increases That is reasonable
since then it would have a larger moment of inertia.

The period decreases if the children run faster (v). That is reasonable since the merry-go-
round would rotate faster and it would take less time to go around.

6.5 seconds to go around means the children are traveling at a speed of 2pr/T or 9ft/s.
Thisis dower than they were running so it is reasonable.



Problem 5

lbar = JJ32mL2 L =140
| eyt = Md T=2s

Where must the ball be placed to make the period 2.0 s?

Approach:
Use dynamics.
at=la
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assume the pendulum is displaced by asmall angle: sing=q
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try solution: g = A cos(2pft +f)
? = - Asin(2pft +f)2pf

—'=- Acos(2pft +f )(2pf)?

A
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check units:

eﬂq+ emu +‘£L:ém2l) ému
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This is not unreasonable since d is less than the length of the bar.



