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1. Conceptual Questions )
(30 point) Put a circle around the letter that you think is the best answer. (’) 4

1.1. (6pts) The force exerted by a tennis racket on the ball 2;

during a serve can be approximated by the F vs time plot
below. What is the impulse on the ball?

A)8Ns
C)2Ns T
D)ONs 5 3Tim'f3 (m.s?) 1.0
E) None of the above

T = Qrea Uudler F-us.-'é Ceerve

Force (kN)

=Aa. (;';_ a‘lk./v-fms): YN. s

1.2. (6pts) When you ride a bicycle, in what direction is the angular velocity of the wheels?

@Eﬁ) %\'&9
il

B) to your right
(') forwards

D) backwards
E) up

1.3. (6pts) There are two dumbbells connected with massless rods? I, and I are their
moments of inertia about the midpoint of the rods. What is the ratio Ip/ 15?

(;u o7 =0

s ¢ %
Q) =
D) 4 C 2 —F 2 =O
" mi2 h\ mf2
E) g B. Noxrs ot

F) None of the above ref.

Ty=2(%)( &) = =u R" j; 9

Ty =3.m-(& 22' ’“g*e
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1.4. (6pts) A rod attached to the wall with a hinge is hold horizontally as shown in the figure.
The mass of the rod is 1.0 kg. Its length is 2.0 m. Assume the acceleration due to gravity
is 10 m/s>. What is the torque due to gravity relative to the hinge?

A) 10N m.
B) 20N m —
) 30N m. | v eé
} - —mﬂ.ﬂﬁ. ...._—-]-
D) 40N m. 5 —
s

E) None of the above.

“g

Z = Yxmd'i ’5“5-9%900-; Wg _ 4039[(;;‘%1.2# :/O/V“,
e

1.5. (6pts) Calculate the vector product of the vectors in the figure if A=4 and B=2.

A) 8 and the direction is oul of the page
B) 8 and the direction is into the page 150°

Dy

(') 4 and the direction is out of the page
D) 4 and the direction is into the page
~

— ';r/‘l-
Z‘F B=4B3 5m Q.Kou%a/{&xf%akawﬁ'a@) = 4-0?.5130:: 4

/OUJl

E) 8 and the direction is along the vector A
~
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Problem 2. (30 pts)

A block of slippery cheese slides on a horizontal table at 10 m/s. It then slides up the wedge

rigidly attached to the table as shown in the figure. The height of the wedge is h=1.8 m.
Friction is negligible

& Nagy
goteté ARy B
i o
T Ve o
va o Ih A LS
dlies rmj_> ) =30 | N
Eef levef C B N

a) (15 pts) What will be the value of velocity at the top of the incline. point A

(use conservation of energy). J ?{’O
c=bp R =Lty

M'U;l m g & M?fl
4 - g

%= %629k =V (iom)~ 228 % 454 = Sors =5 K

b) (5pts) Introduce a coordinate system and find x and y components of the velocity at
point A.

Vax = Up.Cob = 6% Crte®= 693 %
Uay = - Sl 6% 3= 407

c) E pts) Find a total flight time before it hits the ground. (Kinematics)
" o
'.__.. . -‘éz o 157‘_ 0?{03 _,o?z\ _ = 7‘__ 2 =
g%—rﬁ%ﬁ—ﬁz > (?){ 2 =0 L% 0816¢ €367 =O
t,=4.44s ’f‘:;f./i/s_

{:L: P o B N (u_a ou)

d) (5 pts) How far from the right edge of the wedge will the block travel before hitting the
table? (Kinematics)

XLt) =Gt =2 Uy bt =292 % 7

—_——
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Problem 3. (30 pts)
An m=2.0 kg block is attached to a massless string that is wrapped around a M=1.0 kg, R=0.2

m radius cylinder, as shown in the figure. The cylinder rotates on an
axel through the center. The block is released from the rest 7=1.0 m

above the floor. The moment of inertia of the cylinderis I = %M’R2 @/

a) (3 pts) Draw a free-body diagram (show forces, coordinate
system(s), positive direction for the rotation and a torque).

b) (13 pts) Find linear acceleration of the block and the tension in
the wire (Translational and rotational N. 2°¢ laws).

"F
forwt = wp-T=wta (1) l/
7€0('M B 2T = Tl e Tl (2-) W=t N; ,3

a"'-: = = = 93 3>
A o - A A .

+ 2 ; iﬂ_@. ﬁ_ .‘iﬂ
mer A+ i 5 1+ ol-é?.?«bo

()>T=m(g-0) = 2.0up.(9.8%%>~2 8y %) =3j}gfl

g

¢) (10 pts) How long does it take for the b!ock to reach the floor? (Kinematics)

IC!MW 27__“4 g g %é' }p/o}rd
ket
_é_‘:‘/gﬁ _ 2/0}/ e

7874
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Problem 4 (30 pts).

An m=380 kg worker sits down 2.0 m from the end of an M=1450 kg steel beam of length
[ = 6.0 m to eat his lunch. The cable supporting the beam is rated at Ty,,,, = 15008N.

-\ 1

b) (10 pts) Find the tension in the cord, T.
Should the worker be worried (larger or smaller T,.)? f:w \ T
T cM

)HT =0 DI =0 )Tk =0
'Tor?,u_w are aalceclotect with "'*‘-’*-SF“"ip to A /ﬁ==-=-=- ?

l) 27"5 =0 o Levar arit) =2 64%30‘9 aall‘s Ff;ﬂ’ 6.0 m 4'
— ° ! L4 -7
= "%\f"‘ﬂ%'ﬁ“ ““gﬂﬂ*-’—‘ﬁgﬁ& =0 &’“——i' 3.0 g

|
)

A - ﬂ-l-z.u,gg_n
T= M‘Ea_-tm{f, ____//E;i—?.cﬁ:u =]/: iz,gpg_ 3,044.;.302?0.9_3%1. Y Ou B
-5 150 Ous (60.;4) ﬁﬂ']Sbo - /5-25_870
wleiek, 13 /aerr Heae Tmcx=/5000/(/. QD, bhe. Slawelsd
Ge worried

¢) (7 pts) Find the horizontal force exerted by the wall on the beam.

@) K =0 = Fyy -T-Co3°=0
me =T-&1309_—_45~,2 55MN. g = 4%}//4;_/

d) (8 pis) Find the vertical force exerted by the wall on the beam.
(3) JF=0 = Fuv -Mg-ug <T: S 30° =0
Fuv = (M'ﬂk)g ~T"&u 30°
Fav =(1450up +80up)- 4. 85> —15255N- 5 = 2366 50/
%
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Problem 5 (20 pts)

A bullet of mass m moving with velocity v strikes and becomes embedded at the edge of
a cylinder of mass M and radius R. The cylinder. initially at rest, begins to rotate about
its symmetry axis, which remains fixed in position. Assume there is no frictional torque.

=~ MR? R =
2

Jfrr:ylint;ter

a) (3 pts)What is conserved durfng this collision?
auéular wowtetfoer 1s COUSRrvedd,

A

b) (13 pts) ots) What is the angular velocity of the cylinder
after this collision?

Zéul ﬁ/’ Zéuf-f Gg/

i . ? : /J‘Guuu '/Idyf
bule /
Z"e %ﬂ,z —z;e LJ_,{: ;(MPO 'f'ciMPo‘L &

_ﬂ—ﬂ—_—#
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Problem 6 (20 pts)
A 100 g ball moving to the right at 4.0 m/s collides head-on with a 200 g ball that is

moving to the left at 3.0 m/s.

a) (2 pts) What is conserved during this collision?

e 2 fe"‘*:o = &\qu keowtontfieas /s QOMSEKVQ.D/‘

b) (4 pts) Draw a diagram and a coordinate system: show velocities.

}:j —-y?)”_?
| ®#* “@ o”" "
- Ma Mg X Mo M N

6-&/)‘0(&. GL#M

¢) (14 pts) If the collision is perfectly inelastic, what is the speed and direction of the
combined balls after the collision?

5[’1‘ =Py ] y
WMol —uiyVy = (Wa+ Wy 2w’ assuwece S’ f's/wsfaibe_

U= MaVe-HMe Ve _ Olep 4.0% -0 2up. 3.0 %?7

Wa +Udg o /a/+a?)aao ;A
So :ffwcwaZ/quefvtfﬁ-e&ﬁ[(wm%# Lot et
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Problem 7 (20 pts)
Starting from rest. a 12-cm-diameter compact disk takes 3.0 s to reach its operating

angular velocity of 2000 rpm. Assupe that the angular acceleration is constant. The disk's
moment of inertia is 2.5x10 " kg m™. w

“

a) (6 pts) Find the angular acceleration of the disc.

(,._Dl = Zeco r_’_c‘y-(zrr../_ danre ) = ZooT rg:f | -!:, =30, Tt
Kigle drev < 3 s

rot. kiu. 0g-i L, =}Jo‘io(-é4

:_(*.2.'_:20073 %OTQ./
A 5 27 = 698/ Y

t{ 305 B 9 ﬂ_—

b) (6 pis) How much torque is applied to the disk during this initial 3.0 s?

EO?‘- N 2ud /aw = Z:O(I :ZS‘-/D_S.QO.,UZ. 59(,8/ ’:s?-g—_ j ?S/C;B/Vk«!
>

¢) (2 pts) How much torque is applied to the disk afier 3.0 s?

(=]
Sece d t 27!',‘-:3.:75, (2 = Cout, 2t hesony A =0 => Z-“-J;o/‘;o
=

d) (6 pts) How many revolutions does it make before reaching full speed?

o i 1
e, m‘MW-é'ﬁz_m: 5;,7! :A%/'f of»f "‘O.{;'&;fi =

TI’-&’ . -

_,(gw__.__ Feo 2

Qf e g9 5) (s) i Zﬂ?? _:,_/m?‘r ). .{rdl/ = 50 rev
/

mumwrsiry af
Massachusetts

UMASS Lowell



