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1. (15 pts) A ball with mass m = 0.2 kg and radius R = 0.1 m is thrown into, the air from an initial height of yo = 1.25 m at
an angle of 6 = 379 with a speed of 1%y = 20 m/s and an angular velocity of @ = 30 rad /s. Ignore acrodynamic effects.

| (Take fom = -E-mR"; g =10 m/s? ; sin37 = cos53 = 0,6 ; sin53 = cos37 = 0.B)

a) (8pts) How many revolutions does the ball make before it returns to the ground? Treat the ball as a point mass for its projectile F
motion, 1
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¢ top of a long incline with 8 = 37°. When

2. (15 pts) A solid ball with mass m = B kg and radius R = DMm::plwcdatlh
thc( balll}is)ml:md from rest, it first slides g:r a distance of d = 3 m on the frictionless purt of the incline until it reaches point

A. The lower parl of the incline has pij), = 0.25. At point A, the ball starts to slip and gain rotational speed,
(Take I = mR’ g = 10 m/s?; sin37 = cos53 = 0.6;sin53 = cos37 = 0, 8)

2) (6 pts) Write the equations (apply Newton’s second law) for the translational and rotational motion of the ball. Doi’t solve
them herel

|
|
H
1
1
H
i
B
I
'
i
§
1
1
1
1
1
]
I
1
1
i
1
i
i
|
1
1
i
1
1
i
1
i
i
|
i
|
i
1
i
i
I
1

 RotaRondl Motow ¢
2. T = Xecm Pemn
FrR =Tem Rem

(Mephaws32”) R :(.--7(9. ) olem
> Hem = 5).1;,,%&053? /2.‘;‘-!. -

: -

!
P
27
“
=
o
1
e —
F o)
T
[~ ]
B

o e e S e - S S S e S e S . . i e —

From A 1o Yhe 'i'ﬁ'a'\-vm"r W“i% skicln
U = U0+ Qg t
= o+ ( sin23 %= Ri 05 33°)
Conditton, (or rolling withe vy sl ding #
Ve = W

vk w '-'ﬁ-kiﬂ 4+ dlem ¥t
at A
- ﬂ\tm'& .

_ SHwOWs3N 4 o
= .

- 532°
D Uy « a0 —fleiwsd3r)t = fl(_&ﬁ%—-—- E
Oo =8 (L pewsars-fasi®) e

+ UJo
S tz2———T T

q (% ].lk_cnﬁ's'i‘:- sin3t°)

PHYS 111 Final Exam (13: 30-15 10) | Ianuaryg 2023
— 2 - r

g ——— . - —— - - — = e — -
o e e - S p— - ; . g
Il =T — q"ﬂ I..g__ 5-_ " -j-.. '-_—.. - | .



- & — N TEE W W & -

STUDENT ID s;a,nu TURE

3. (15 pts) The position of a simple harmonic oscillator (SHO) as a finction of time is given by x = st(it +3;—'-) where ¥ is
in meters and t is in seconds. Give your answers in terms of  when necessary. .
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Uem = i—mR“} with mass m,, = 6 kg and radius R = 0.05 m. (Take g = 10m/s®)

LAST NAME FIRST & MIDDLE NAME STUDENT ID SIGNATURE

4. (20 pts) The system shown is released from rest when the spring (k = 50 N /in) neither compréssed nor stretched. The blockg 3

have masses my =10 kg and m, = 3 kg, The horizontal surface has friction with p = 0.1, The pulley is a solid c?“ﬁﬂq-

A) {15 pts) Wri i =} 2
: fgl( pts) Write down the eriergy equation AK+ AU =W, needed to find the:speed of the blocks at the instant block m; has

lena vertical height of h. Don't solve your equation yet!
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b) (5 pts) Find the speed of the blocks at the instant block m, has fallén a vertical height of ii = 0.4 m.
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5. (15 pts) Figure shows the collision between two particles having the same mass . The*inmmipg particle has velocity v,
and the target particle is initially at rest. After fhe non-head-on elastic collision, the incoming particle moves with speed v} =
12 m/s at 8; = 377 above the horizontal, and the target particle moves with speed vj at 8 below the horizontal. The center-
of-niass velocity after the collision is g, = (J5 ;) m/s. (Take sin37 = cos53 = 0.6;sin53 = cos37 = 0.8)
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d of mass 9m and length { where
6. (20 pts) A small clay ball of mass 7 and velocity v strikes and sticks to a'I%inc:::ll::?; rl:ﬂ 45 o The olay o ystem s
masses are in kilograms, velocity is in meter/second, and length is in melers

8 height of h = 0.06 m, (Take Jp ==ml?; g = 10'm/s?)

~3)(3 pts) Find the moment of inértia of the, clay+rod system with respect to the pivot P in terms m and .
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b) (7 pts) Find the angular velocity of l‘hl.'-r clay+rod sysicm in tnnns of v and [ immediately aﬂer the collision,
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c) (8 pts) Find, apprqximately, thc initial vclnmly of the clay

B 00 0 0 e e o 2 e e sl o - S G v ik g o M e e T
| Atkee He wllistow i
: AK+ U =0 |
| .

i =Teys W= (meqmgh i
]

" 1 . 1
} (l?sml )(\” tOMﬂk unit i
I

- VE 2.5 |m/g|!
| (J—)(J-f-;-:r-) =to fijh  wheatocharsg . |7 13 mie|
! ‘ ?' - e g .U':' 12.5 m]s :
PHYS 111 - Final Exam (13:30-15:10) Janvary 9, 2023

— B -

e B e ——————




Full N ame

Pr 1. (20'pts) A bm;r_: of mass m = 20 kg is released from rest and slides down a fmtmlm ramp with
height & = 1.8 m. At the bottom of the ramp, the box slides onto a conveyor belt moving at & constant
speed of vp. The coefficient of kinetic friction between the box and the belt is 1, = 0.5. (g =10 m/s?)

| Uy 3\
8RR e
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a) Find the distance d the box slides on the belt until its velocity matches that of the belt v, = 4 m/s and
the two move together, 1
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'Y A AU =0 oppodite to motion and slows the |
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b) Find the distance d the box slides on the belt if v, = 8 m/s.
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| | 1 | kaping section of a factory comes to the fon :
vl ~oho A b yrig PR pz‘;regi?igs picked up for shipment, In ofder ¢4 ;::i

(8 = with speed v; and slides down where | _ d 1 , R S
;a;:ln[; g(s s ?l;’:)b‘:lx, aBI;pringabumpcr is used with spring constant k = 100 N/m and the MaXimyy, Q_,

spring force F(max) = 100 N, The box slidés a distance of [ = 4 m dowi the incline before it hity gy ‘..

: , o2 it caont i 1. o5 000
spring as shown. The coefficient of kinetic. friction Eel\veﬁn. the box and the entire ramp 18 pi, = 0,75,
(g=10m/s*: sin37°= cos53°= 3/5 : cos37° = sin53° = 4/5)

) Find.the work done by the'gravity; normal forcé. and kirietic-friction on'the box until it hits the

spring.
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b) Find the maximum speed of thie box -t the top of the ramp if the box is to be picked up when the
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c) Note. that a fractional increase of AT/T = 0.25 day / 365 days means that leap years (29 days in
F abruary) Wlll not be nceded If R = 6370 km, what is AR, apprnximately in km?

F-.-tr----'-----ﬂ'*--'-"—'-*'!'-"'"'""t!'l'""""“"““'-'-'-—F--'-!--P-'-. ------- cemmee .- - — - ——— - = T -
i ﬂ 2 _’?_“_59‘ ’ﬁﬂ b= “%ﬂ E
i T % 2920 g-
EL 2 AR = e i |
: 2 365 AR 2.2 kw E
i . i.
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Pr 4, (20 pts) A uniform rod of length 1 and mass m; initially rotates at constant angular speed w g o %
frictiotless horizontal table around a fixed pivot at one end, as shown bclqw. The rod quikcs a Smal]
object of mass g, which is initially at rest, Assume that the collision is elastic. As a result, the rod stopg <X
and the small object moves, as shown. "
(Use I =myl?/3 for the rod pivoted at one end)
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2) Find v in terms of the given'quantities.
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pr 5. (20 pts) A bﬂmiﬂg ball of'radius R and mass m, =7 kg is released from rest from the top of a roof |

with @ = 37", and rolls down a distance of d = 4.2 m without slipping, o

(lem = 2/5my R 2; g=10m/s*; sin37°= ¢0s53°=3/5 ; ¢os37°= sin53°= 4/5)

3
d |
‘l - TR
| ‘\?C‘m 4
hi -—F‘Hf

a) Find the magnitude of the friction force acting on the ball as it rolls down the roof:
[ T T T I W TN
i \"O'i‘haunaﬂ. wohens | 9lumb @ & @ J E
;.I m,gsfn& - b s LAY . s . Fe = -;i-‘m1 ﬁ stn B :,
; FjR: I:.mb'\ a lem {E.E"}- | =-~.-2§7$X)(.1°‘)(315) ':'.IQ-N ;
{2 wigsia ® = Porx i o L s fa Rty E=12n
o= S PO | o9 _
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b) Find the center-of-thass speed #p; of the ball at the instant it reaches the-edge of the roof and starts its

flight (projectile motion).
E----‘-—--------u----'---d-'---------------h-----'------*-n--u------'----rm.--.-u-.h -------- - - : --;--Tf--; ------------------------ - -t e E
: Shhe frichow ovaly - ad‘”—“'& =16 Vem
E % IﬂK T B“u =0 _7), Dewn = ,l _\_2_((0}(1{_1) (3/5) = 6 mls ;
’ ' = Lk s Lx, w* | g
i g ds1a8 = =My & 2T, e o i e - P i
' | g ! 12 7, a  And |Ven = 6 m/s ‘:
E .1?(561&-\‘(1& ;ﬁéy(il}m-b% (/gfdﬁf)( ) U‘:;ﬁ: %{.l. ,zaﬁmd i

¢)'Suppose that the ball falls a vertical distance-of i =6 m from:the roof and lands in a sandbox:of mass

m, = 14 kg that brings the ball fo a sudden stop. The sandbox-+bowling ball system then moves

horizontally. Find the speed of the sandbox, with the ball in it, imniediately after the ball lands in it.
; IM. ?Néc’-t:-\'\l-e. wiohow At 'Mavh-m’nﬁ; -@ (‘4)(6)(9]5) o (q. +19) .U.i._ é
i compontut of velodly daer wot hane. Bl
E T w“"ahﬂ ;n to.\l.?\-b\-bjdﬂ ‘fq-c.lw;,\-,t"‘“ H | i
LS g wad = (mema) Uy ' Ef= &/5 mls |’
N | !,
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Pr 6, (10 pts) A small block of mass m = 0.5 kg is attached to the end of'a‘ horizontﬂl spring with & = 2
N/m. It is pulled and released from rest at ¢ = 0 s from an extended position A = Xmqy. Thereafter the
motion of the black is due entiely to the spring force. Afiét 0.1 s, the speed of the block is mcaayrcd to

be v =0.2 m/s. Assume that the motion takes place on a frictionless surfice.
(sin0.2 = 0.2 ; c0s0.2 ~ 0.98 ; 5in0.4.% 0.39 ; cos0.4 ~ 0.92)

a) Find the amplitude of the motion X4y
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X = A wsiwh) Givea 1 Vz02mls ab 2018
i U (4) = .EI._>:‘- = | (& 0.2 . i
1 dt = W A stalwt) 2? Xmm T —— ¥
! 2.%1n L(?-)(DJ)] P
i = el Rm._,‘ 5iﬁ-(wt) | E
: 0.% v
E By W ﬁF 2 * - "‘"'T"'a'; :
E' . -“-{- - -ETB - 2 bﬂ\d/‘ : 2 5\n U é
: () (0:2) -
b Naagw MW o  driised 1<) . :
g' w st lwt) i H 2 0.5 m Xmax = 0,5 m 5
""'""""""""""" "'""'"'"‘""-""-'-h*-------t--------u--: — o e e T . i e e ..............;._-.......-.“....-....-‘a--:-'--h--i
b) Maximum speed 17,4, of the block.
L Max speed w whine sialwl) v -§
i mui‘m UM » %
‘.' 9  Viax = W Xmax :
; = (2) (0.6 ) !
| ¢ |
: | Vmax. = 1 wmls ‘ ;
¢) Total energy E of the system.
TR AP NPT RN
: E=K+Uy = -;-k-#m%' :
i R = 8 U;-.tx ;
i = L (0.5) ()" E
;'i . 0,453 | g & anlen
' l E= 0.25 3 \
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