Final Exam PS150
April 25, 2009

Answec Kc\!

Name
Show your work !!
10 points v (m/s)
1. The velocity of an object moving in one dimension (the x- 10 F-mmmmmem e
direction) is described be the velocity profile in the figure to :
the right. i
\
a.  What is the final displacement after 9.00 sec? }
- t(s
Arex from 6-5 sec. = 5 1omls (88)= 25m > ©
x=_25  meters
b.  What is the maximum displacement during the motion AQ Jromo oo R e
from 0.00 to 9.00 sec?
Atea from O-% sec =5 10w (¥s) = 3m
Xmax=___ 35 meters

¢. What is the acceleration at t = 7.00 sec?

Slope = AV - _(:_If_'_l?l"l’ = -5 mfs?

At 4 s
a= =500 m/s?

10 points
2. A 3.00-kg object hangs motionless while suspended by
three massless cords as show in the figure to the right.

300

T,_-}
| £
a. Calculate the tension T. X Ty=2
TF, =0 Tax “T,x =0 =D Tyos 30- T; €os60° =0 _»
. 0 M T2x
F,. =0 i ¥ laq— T = sin + n =
TRy Tiy * Tag Mg > T,sin6ed +T, sin 30 Mg
T = Ty cos 30° or | Ta= "TTCos co°
0560’ Cos 30°
< T,=25.46 N
b. Calculate the tension T,.
-_ . 0 i . o
i, sinb0” + (T, E';‘_‘ic Sin30 =Mj
Cos D
T, [sined + @s¢0° tan30° |- 14 - _Mq .
- j -rl 75 ° )
$in60 +c0sC0 1an0 T,=14.% N

T = 3.00Lj (q.s m}szl

¥

" = 28,46 N
sin6d + cos60° f2n 30° _—

1}

T, =T, 0560" _ a5.4¢ N<co$ ¢o’

o = {4.70 N
cos 20 Cos 3o° > _1_,—%‘




10 points
3. Two masses are connected by a
massless string that passes over a

frictionless (massless) pulley. If the l ¥

coefficient of kinetic friction on the & a

incline is 0.300, o
m, = 1.00 kg

a. Find the acceleration of the two
masses.

2 Fy= (m,+m,) ax = —m«ssin?f)r —-/vh;rn +m,3 = (m.+m1)ax

~M,q 5in30° - u, Mg cos 30° +m,3=(m‘+m,§ax =  a, =—mi(sin3o' + Jhu €05 30°)+mLiL
(m.+m1>
Ax = "E"j(Q.Smfs"x—'i +0.3066 ﬁ/z) + 1.0ky (25 m)s”)

L = ).18 mfs?
200 j a= 1.18 rn/s2
b. Find the tension 7 in the massless string. Good e zssum“—e& e direction of
' 1 cH
the acceleration corvectly.

ZF, = MAy = “\13 SRR L EY ™

b T (g 13 (150019

X m:j
T = 8.62N T= 8.62 N

10 points

4.  Three titanium spheres form a straight line along the x axis. The first sphere is traveling with a
velocity v, while the 2™ and 3" spheres are initially at rest. After all the collisions have occurred,
find the final velocities of the spheres. Assume all the collisions are elastic and along the x-

direction.
A B
O O O
m
157’ cplﬁs‘loh N, M. -m "\2m . K
—— oy 1T M s - - - _
T, e PO TP VNie N =g, ve= =73 v,

V. - '2'“| — 2m 2
¢ = + 0 =D Ve = 2M_V =N
M, M, 2¢ Zvn ° 3 ‘e

_ 2"‘i wllision s Voo — V';,‘ = %Va sz=__q_vo

V = m,-m 2 -~ 2
= 273 V.. +0 = M Ly s Z
MadMg o 3Im 2° 9
= 2(2 — 4 3. = -§~ 8
V", g: Vz; +O > —3 3vo % Vo T ij = /q Vo
b.  Find the total kinetic energy of the spheres after all the collisions have occurred?
. e | L z
Total Ke:= 3wm, Vgt v Y bm,y
Come = g (-4u) +1GEn)(EWY + 5™ (%)
=Y o
ToTAL 1 3V 2 | 2 g Te KE o = '/2 mv,’
Ke s (o, 8 L6\, o o Tl vy A
TOTAL 2m q + a—)— + —B—T' \/o - 2 h'\VD ;“- = ‘i M\Jo A; i‘s' 5\\6\1‘& be.-é hf,‘msc
- !
Enibal = Jim\l" -




10 points
5. Anexternal force is applied to a 2.00-kg mass according F(N)
the force diagram at the right. If the mass is originally at
rest at = 0.00 sec, what is its velocity after 5.00 seconds?

J=impulse = %F dt = Area of 2 +rafw 200 }
j !2+5)5QC %X 200N = TOO NS = 2-00kj (V;-V',)

' -5
TO NS - 350 mls 2 4 5 tiseo

2.0kq
10 points ‘fvf' =350 mf¢ \

6. A homogenous sphere of mass M is released from rest (point 4) at a height 4 =2.00 m above the
ground as shown in the figure below. The mass of the sphere is 2.00 kg and its radius is 10.0 cm,
Assuming that it’s moment of inertia is 2 MR?, find its velocity at point B. Assume that the sphere

i

(i}

Vs

rolls without slipping.

20 points

7. Two masses are connected by a massless string passing over a pulley of mass M
and radius R as shown in the figure to the right. The string moves over the
pulley without slipping causing the pulley to turn. Assume the axle of the pulley
is frictionless (and motionless). The masses are released and free to move.
Assume I%* =y MR* with a mass M = 2.00 kg, and a radius R = 0.200 m.

a. Find the acceleration of the two-mass system.

TR = ma S mq-To=may l?m,(l.aj)j@
NG +X~L T+3

m,aj | -r‘z = mi‘(g*aj) my m;

3

)2

2

2F3= M, 3, => Tz"'“aj

b
S T=Id = TR-T,R

T f‘ in @:
Sbshihde ® £ @O inTo m|1 ) Mzi

Mg =M 2y ~M3q - MyA = = 3Ma L s m, +m,
3 J/ 3
W\(} W, S ( M +m, +m,> - (s-1)a.8 mfs?
(kg+8(‘j+¥"f

1= 1

laap? - 8k
2 MR _a? T,-T,= 1Maj @ 9 7kg

a= O0.6) m/s?
= 0.6)




b. Find the tension T;.

@ T,z m.(tx-a.s) = B\ccj (q.s-o.(.\)w«lsl = }3.50 N
T/= +3.5 N

¢. Find the tension T,.

T,z mi(q+aq)= ?kj(q.s«w.u)mls’ = 7289
=429 N

d. Find F, the force required to keep the pulley from accelerating upward or downward.
i.r3=0 = F“T.‘Tz‘MS =0 => F = MS“'T-"'Tz
F= 2kg(s.8m/s?) (73,54 22.9)N = ILL N

20 points

8. The flywheel on your car is initially moving with angular velocity of 4,000 rpms. You decide to
change to the next gear and the clutch plate (as well as other sources of friction) slow the flywheel
down to a final angular velocity of 2,000 rpms (rev/min). This is accomplished in 2.00 seconds.

a. Find the angular deceleration. Assume that the deceleration is constant.

. 1 - ~ 2,000 21 rad {oviv = 20%.4 rad
wy = 4,000 %ﬁgﬁ (M){_ﬁ'ﬁ = 418.9 rad/[s W = 1724 rQV>( 205 /s

6O0s
= We-w; _ (2094 ~418.9)rad/s _ _ N
* ‘A{' —( 2.00 s > B 104.% rad/s o=-104.F radss’

b. If we assume the flywheel is a flat disk of 25.0-kg mass and 20.0-cm radius, what is the average
torque applied to the flywheel while it is decelerating? I%* = ¥ MR®

T=Td-= ":TMR2°( :-‘2-(25.0[4-3><0.20m>2<104.? rzd/s'z) = 52.36 N'm

c. How much work is required to reduce the speed of the disk from 4,000 rpms to 2,000 rpms?
2 2 2
W=T A6 or W= AK= $Tw'-%Tw - %I(%-w.z)

)
2 2 1
W=AK =5 (11 MR‘Xw;-w;‘) :_:.‘_(Zs,ohj)(o.zo.m) (zo 9.4% 4189°) rad'/s’ o
W=-32,899 T = -3,29xi07 T W:-g,qulo":rl Work= -3.29 " ]

d. What is the average power dissipated from the flywheel as it slows down from 4,000 rpms to
2,000 rpms?

Work :'3.29 XIO" J - -1.04 <107 w
time 2.sec o4 kW J

% 10
Power,, = 1. 64— watts

Powcr =

5 points (extra credit)
e.  What is the change in angular momentum of the disk when it decelerates from 4,000 rpms to

2,000 rpms?
T= AL AvL= T At = 529N (25)

At AL= 104.8 kgm?s

ALz io4.8 h‘?-ml/s

or AL= L(aw) =T (W -w;)




