Phys 131

Fall 2024
Fundamental Mechanics: Final Exam (Version 2)
11 December 2024
Name: __ O0LU T1oN Total: /139
Instructions
e There are 17 questions on 10 pages.
e Show your reasoning and calculations and always explain your answers.
Physical constants and useful formulae
1
g = 9.80m/s? G = 6.67 x 107! Nm?/kg? Disk/solid cylinder: I = 5 M R?

2 2
Hoop/hollow cylinder: I = M R> Hollow sphere: I = 3 M R? Solid sphere: I = E MR?

V/Question 1

Two cars each travel along a horizontal surface. The
speed and direction of travel of each car is indicated at
the same initial instant (left of diagram) and at the
same final instant (right of diagram). The diagram
is NOT to scale. Is the average acceleration of car A

smaller than, larger than or the same as that of car BY 10m/s 10m/s
Explain your answer B S T
: | "> @ PRERPY o
A= E.mv = \j-r =¥,
Dt It

Tor  cor A VF=20mls Uiz Omls =D AV = 20m/s

CowB VE=1Omls V= =loemls =2  Av=20mls
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V4 Question 2
A bug walks at a constant speed around the inside of a loop which is B
oriented vertically. Point A is at the bottom of the loop and point B
is at the top. Which of the following (choose one) is true regarding the
directions of the acceleration, a of the bug at the two illustrated points?

i) ais T at A; ais 1 at B. Tor wniform circular mohonr e,
a istat A; dis | at B. ﬁ(&{ﬁlah‘ﬂ'\ 5 Fﬂd«(ﬁ)%

iii) ais | at A; dis T at B.

) dis | at A; dis | at B.
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/v Question 3

A person launches a 0.250kg ball from the ground. The ball leaves the person’s hand with
speed 20 m/s at an angle of 30° above the horizontal.

a) Determine the time for the ball to reach its maximum height.

T i & © ]
ST [ Vi=Vieah© \};6=V:g+ Oy bt -+
30" t = 20mls cos30” | =
e Omls = Lomls -4, 8m)s At }
ti=0s  tF7 | = Omis 42 |
/ / _ —lomls
XizOm  xF= [ Vi = Visin® [ =0 Dt =
i ) | Ly A -], %m!
Ji= pa y'F" f = Bl sasts? o — \
Vig = 19l V= | siomls 2 | A . 08 )

Viy = 10nls Viy= Omls l,
Qw= Om 5% J.f‘

O:j = -4.guls’

b) Determine the velocity (including direction) at the highest point in the ball’s trajectory.

A‘l " -
e [} \ \/PJ?- Omls \Imls

—_—D
V= Vixt a8t = 13m) s /10
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Vv / Question 4

A 0.10kg red ball and a 0.20kg blue ball are launched horizontally from the same height
above a horizontal floor. The red ball is launched with speed 8.0m/s and the blue ball with
twice the speed, 16.0m/s. Let At,eq be the time taken for the red ball to hit the floor and
Atpe that for the blue ball to hit the floor. Ignoring air resistance, which of the following

{ciloose one) is true? -{J'J] Vix= N
)
thlue = Atreq. = — S [ =
) Aty < Ared. L \/'é Omls Y W uf=o
iii) Atpye > Atreq. ' .
) Blbiue > Blred YFeuid W AH"ZaJAJo
Explain your answer. o I :
— P 5=h+3(-4) A
L >
AL*= g-gh W BT \nce perclent of mss
Le= N 4 andk lawn ca s peech /6

i Question 5
A rope pulls a block, with mass m, along a horizontal fric-
tionless surface. The block moves horizontally while the rope
pulls at the illustrated angle. Which of the following (choose
one) is true regarding the magnitude of the normal force, n,
exerted by the floor on the block?

5 =g R SFiy < Muy=
ii) n.>mg ﬂ@ ‘
i) n <mg = N +Tsin60-mg=0

- /4
iF% n:m% - Tsineo® < My

v/ Question 6

A 0.040 kg ball is initially at rest at the bottom of a frictionless vertical tube of length 1.2 m.
The ball is pushed by air which exerts a constant upward force of 1.5 N on the ball. Determine
the acceleration of the ball while it is in the tube and the velocity of the ball when it
reaches the top of the tube.

Zﬁd:mag \!.r;:\/.j 20, (yF-u.)
<ol 2x Zimbtx (1.7m)

= bbm¥/s*

>
E:'j!l/
>

Fair = mg =My

G:-—__——
o L

|.5N - AEmlsix 0.040%3 - 0;040% Qj /5

LLIN = 0.046,7}(’3 ,_,/](y | =D \/{3:— \Nbbm Y™

Z — 9. 2mle

QJ = Z%mls®



/.~ Question T

A 40kg box can move along a ramp which can be

inclined at variable angles. The coefficient of kinetic

friction between the box and the ramp is 0.20 and the
coefficient of static friction is 0.30

) Determine the largest angle above the horizon-

g tal, #, so that the box remains at rest on the
4 . ramp.

3 < |
n g - é-lﬂ*-)‘x: May = O 7 R Sl I u_;“_....g___._,_.,_.
K/g | | ;
. i @‘ .
F.
d

2 Fiy M% =0 l e ., o

el B |

ZF&f -6 =p N- Mj(osér—o
j Fa)c =0 =D
_—qu,m 7['3 5/{/’50

=7 Myjsmf) é/(/(.s V{gCOS@

=y Sie
CosO

=D n=m3cose>

‘[s - f""\@ SING = =p ‘fs = MCCJ siné

x =D ton & Qj,(,;
=2 & ¢ adon us)

=b @ ¢ orchon (0.30)
é//(a

=38 £ Vib® =p T&t”

f cage) {

\

b) Suppose that the angle of the ramp is increased beyond the maximum of the previous
part. Which of the following (choose one) is true?

i) The box remains at rest.
47\ ii) The box slides down the ramp with constant speed. .
b @ he box slides down the ramp with constantly increasing speed
L—
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,ﬁw |4l\f\LH(. %n’ch'a& ‘)[OFCL o less 'H’/{m S}'b(hé 7]:0 N e /
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L/'/ Question 8
Two blocks are connected by a massless string that runs over a massless
pulley. Ignore air resistance. In the following, show the entire argument
and derivation starting with Newton’s Second Law.

a) Determine the acceleration of the block on the right.

E/r M, -For = »”
J = Mz
Tf T2 Fiys My '
‘0 e 3.0kg
> =0 T-Mf =M\ M.
! P
Z }_‘j o aﬁ ’Mn G_£ " Gy
NS | (Tmig - miawy | =0 (T-mg -ma,
DTmﬁ Ma. =y [ T-mg Majt~‘7 (T=mg M G

e g — %

COM}J-M O WO =D m(ﬁ" m,i a?__j -Mz,g = M'z_azj

=1 m;j‘m?_é = m QTJ""MLQZ b (MH_MZS &‘L(j

o M= Mz) 3.0kq -
=] C(sz = ( 2 3 - (MQ QEmlst = 1. Abm|s*

M3, 3-0k5+2.01¢:j
b) Determine the tension in the string.
Use T =Mg-moay = M (g~ 0ay)
= 3.0t4 (8 mls> - A6 (s?)
b T = 24N

/16



% /Quest1on 9

Two boxes on a frictionless surface are separated by a com-

pressed spring. The mass of box B is twice the mass of box

A. They are held at rest and then released. Which of the

following (choose one) is true af any instant while the spring ‘o2

extends as they move apart? Netotons 3 Lo
o

=) forws 24

—

i) The net force ;fn A equals that on B. They have the same speed.

ii) J'he net force ;fn A equals that on B. A has a grealer speed than B.

itiY" The net force ﬁn A is larger than on B. A.has a greater-speed than B. P &t= MpVa H\'\gg\/g,
iv) The net force ﬁgl A igafger tha, .Ah ,{g;nif; speed than B. - =

v) The net force g A is largef than on B.A has the same speed as B. =D vp = ~Vp Mg

-

/ Question 10

A box slides along a rough horizontal surface toward
a spring. The box hits the spring and compresses it.
While the spring is being compressed by the block, let
Woepring, be the work done by the spring and W; the
work done by friction.

a) Which of the following (choose one) is true while the spring is being compressed?

) Wiring =0 47

gt M N i
spring <0 - . SR o
Explain your answer. _S: FArcos @ = FArcos180
=-FAr <€ 0O

b) Which of the following (choose one) is true while the spring is being compressed?

i) W=0 AL 1s0° 2
iy We >0 M_____Q
f “o f}*l(_”&h
Explain your answer. W{ - ‘rlt Alees '8 O° = ,._"}L Ar < O
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Question 11

A block is attached to a spring (spring constant 2000 N/m) that is suspended
from the ceiling. The block is initially held at rest so that the spring is
stretched by 0.40 m and the bottom of the block is 0.60 m above the ground
The block is released and drops toward the Earth. It reverses direction at
the moment that it would be about to touch the ground. Determine the
mass of the block so that this occurs. (nihal

) Fnal

Ef =E.
W= 0.60m Y# = om
K‘L'i' UQF i MSP‘F < K+ Ug\ + USPJ

Asp= 0.40m  DSt= ) 0Opn

%M*Mf@ﬁ s kCAS{)Z V= Omls NE=0Omlg

= é%% Mgy, + Tk (AS() -

?,, kQLS*ﬂ'DL = Mgy + i]c@&.'}l

Zl I @.\31:) = -§/ k@s;) : . mﬁﬂf

L 2000n/m (1.6m)* =L 2000N/\ (0.400)" = M x X 8mlsT % 0.60m
1000 T — 1607 = Mmx 5.38 Mm%/
=7 %403 = S5.88mYs? xm

_ - B4of - 4ok
SVM T M ¢
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/., Question 12 N

A particle moves along the indicated straight path 2T
in the zy plane. While this happens the following
two forces act on the particle: ﬁA = 2Ni+ 3Nj and LT
Fp = —2Ni+ 3Nj. Let Wa be the work done by
f‘A and Wg be the work done by Fg. Which of the : I % ﬂ : o
following (choose one) is true? e L
—) X -
i> Wi = Wa. w=F-AF AT = -3t +7m)
WA > Wsg. —
WB—'»—?J\JX{-:?Q) +3N x7v =127 /4

//Question 13
Ropes pull on a disk as indicated. The magnitudes of the tensions T
are: 75 = 10N, Ty = 15N, and T3 = 8N.' The angle between Tg
and the horizontal is 45° and this rope is attached halfway from
the axle to the disk edge. Let 7; be the magnitude of the torque

(about the center of the disk) produced by T,. Which of the
following (choose one) is true?

i) mm<n<m Ti=T Fsind, = RT sinO°
i) m<713< M = ON-
i) 9 < 13 < 7T ) )
1 < To < T3 Ca= RhRsng, = r‘\]/ZXl'Sngm{‘{SLJ
= 5.3NxR /4
1//“Questicolrl 14 To= Te¥35nds= RxgNx5n4G° = IR

A disk in a hard drive has radius 0.0625m and rotates about an axle at its center, speeding
up from rest to 7000 rpm in 0.150s.

a) Determine the angular acceleration of the disk. W= F00Crpm= J000 = Z'—d\; e
min Liey,
= b0 w0hT TRl a6 cadlst -
by e dng - O - 73R edls

b) Determine the tangential acceleration of a point on the disk midway between the axle
and the edge of the disk.

G-L = QZ r = 4QUOF&C}/51X (Oﬁ"_g...ézb/\d)
: Z

= |50m[s™ /6



\/‘/ Question 15

A bucket with mass m; is suspended from a massless string that is
wrapped around a cylinrical drum. The drum has with radius, R, and 373
uniformly distributed mass, ms and rotates about a frictionless axle '
through its center. The bucket is released from rest and the string moves
across the drum without slipping. Determine an expression for the mag-
nitude of the acceleration of the bucket (the only symbols allowed are
mi,ma, R and g).

Ruchet

Devm
_:F ZF}J:m‘alé ’CML—“"IVL
=4 m,R j
:D T.—Mlg :mla&j ’Cﬁ{ﬂ'}’r\j zmz M
Fé = /é_r: L?_m?_QZ&é
T: M]Ej +M,CL‘3 ey
T=1tmfla )

Let Eed% be #a acalvabuc of the Ll edge of Yo drum .

“Twen ond
Oedge y = Oty Oedgp y= -k =D
=1
TW5 T:Mlﬂ +Mr5(l‘1j T= ‘“{lmz_[{a__lzﬁ_

=]

—'.zlmzaij = M,Q*FMJQB

B OI [M +-1M _,,/\/h =7 a = - My !
Gl 2m) J, / I omirdm §
3 ..\\_- B e — /
TR
1 m
=7 = |

" Bucket

Ts&v‘nﬂ & stnﬂ‘

= RT sina®
=R T

ay

e iR

J

:—a"
o M/R



v _/ Question 16

Solid spheres with various uniformly distributed masses ap-
proach on an inclined track with the same speeds. The
spheres roll without slipping along the track, Which of the
-following is true regarding the maximum heights reached by
the spheres along the ramp?

heavier sphere reaches the same maximum height as a lighter sphere.
i) A heavier sphere reaches a higher maximum height than a lighter sphere.
iii) A heavier sphere reaches a lower maximum height than a lighter sphere.

Explain your answer.

=f =€
Muss  and radaws do

ot + 6T + U = Kiusi, + Kt 1Y not afledr Fre max helgh
AgyE= Fmots LT

= Lohviteg 2R /6

D ogyf= uiza vl

Question 17

Titan is a moon of the planet Saturn. Titan has mass 1.35 X 1023 kg and radius 2.57 x 106 m.
Determine the acceleration due to Titan’s gravity at the surface of Titan. Note: to receive
full credit for this problem, your solution must with Newton’s second law and
use this to derive the answer.

moss M

& . EF;& = Moy
I%

Al
&y > sz

MUsS M

T wo 25x1B
= £.6IA0™ Nm? i LBSxlotky
663 / kg * (2.5 In10m) v

= L%GM’S-L /8
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