Your Name: PHY203
Final Exam
Chapters 1-11,15
Fri., 12/12, 3-5 pm

Show work

Use correct Sl units

Use scientific notation

All answers with 3 significant figures
* useg=9.81m/s?

Gof whore
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1. Two stones are initially at rest on cliffs of heights Ha=95.0m (stone A) and
He=150 {(stone B). At t=0, stone A is dropped straight down. At =0, stone B is
thrown down with an initial speed of 15.0 m/s. Take the y-axis as positive up and
0 at ground level.

a. Fill out the tables of known quantities for the two stones:

Stone A: Stone B:

Parameter Known Value Paramester Known Value

X0 F5.0m X0 /’ 50

Xt X

Vo O Vo ~5,0 m /5
Vi Vi

a — QI mis>™ |a AN LY L
t t

b. Write the equation for the position of stone A as a function of time: 15

YA =

L2
o= 59€

¢. Write the equation for the position of stone B as a function of time: 15

=[50 = (5ot = L g€

d. Find the tim

7 A

+ posibon
A

]5€ =~ TF%
= 50 2

/5

g, when the stones are side-by-side. 20

3439

I e A I

= 150 — L g (364%)> =~ 28.9 m
7




2. A cannonball Is shot from a cliff of height H = 115 m at a castie wall. The castie wall is Y = 195
m high and a horizontal distance D = 205 m from the cannon, Take y = 0 at ground level. Assume
the ball just misses the top of the wall on the way down. Assume the takeoff angle is 45.0°with
respect to the hotizontal direction.

a. Make a sketch of the trajectory of the ball from start until it grazes the wall. 5

b. Fill out the tables of known values. (Take
the "final” position as when the ball grazes | Parameter Known Value the top
of the wall.) Yo /5 n

Parameter Known Value Y1 LG5 m

X5 o Vyo Vo S A ¥ I)H.O

Xi 265 m Yyt ;

Vo /o coy 5O 8y =4 9 m /5~

Vit T !

ax O

t

o, Find the inilial velocity of the cannonball in vector notation using the coordinate system above.
15;(:; 206 = Up (v 165°4L ’2 S 41,
i[5 = 1T Vo syt ”3,91;1 5
(75> 115 + 205 —Lgye™> [Vo~ poL1Ct3) ny
“’3{:?{;1 = /25 ), {2 5056

. oD
Al 205 = Vyp Cos %G ?*U'ﬁ} Vo p 2V oy= prgij}wé

d. Find the acceleration, velocity, and position of the cannonball in vector noltation at its highest

P18 o0 = — 7,81 R mlg> o= A4 Yo, AW

7” C’)’Df”@:&—hy'g , 6= e
Xo= Posk ()2 /e
.7r’ O::_ \fﬂea?‘ ~A9@7JD7I: %%O

= N ~
P o= (/8T (225 715
e. Find the 2 times the ball is at the height of the castie wall. 15 / P(if

70(' /‘-?5“’:— = ?0/&‘(-f—___:;(:j‘f(il
U, 2054> —yoet pgd 2o 5§87
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8. Blocks A and B are being held at rest on a’smooth ramp and then released
and they slide down the ramp in contact with each other and with a force pushing
on block B paraliel to the ramp. The ramp makes an angle of 40.0° with respect
to the horizontal.
a. Draw free body diagrams on the blocks shown above and on the right. 5

b. Write out Newton's 2nd Law for both blocks in the x- and y-directions. 30
Ao A Fot gy om0l =my o

70 Frarhao cosro! = O

K F-Formpgomtet = Mk oa

pi Pug s b o5 ro? = 0O

¢. Assuming that Ma = 5.50 kg, Ms = 8.50 kg, and F = 55.0 N, find the magnitude
of the acceleration of the blocks and the magnitude of the contact force between
the blocks. 156

5 A0 F o+ @/F 1 p )‘3%/\6: 100 = (mptme)a

WA+ M
= 579 n/j9}>vl’&“>"~‘*/0r?“”'/9?—

/7

A\ 7= F ce M g a2 97v00)
= Gn?[ﬁuif9W>%U-LQﬂ%N

a = 71: %39,».%@




4, Two blocks with masses ma = 5.00 kg and ms = 9.50 kg are connected by a
light string and suspended over a massless pulley. Assume the initial height of
both blocks is h= 4.00 m, Block A is attached to a spring with spring constant k =
20.0 N/m. At the start of the problem the spring is unstretched. The blocks are
released. We want to find the speed of the blocks after they have traveled 3.00
m.

a. Create energy bar charts: 10

K Vg, Usping, b, K Ugray thping,  Edy

b. Find the initial energy of the blocks before they start moving. 10

Uy= (5 +7.7)(1g9 = St

¢. Find the speed of the blocks after they have traveled 3.00 m. 30

LT = (ot 1y 2
4 LAt ) U Lo
v 9 ( Rps T 4 /"‘177?[)
Bpy = \_;ZL_ Y% +ﬁ [>b7(’z}1.t3("§'9'%% 5)
= PRV L g0 4 Y
V’;’.‘.— ;ZI‘Z?‘M/$
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5. A block on a rough ramp is attached to a light string wrapped around a pulley.
Given m for the block and M and R for the pulley (a solid disk). Assume the block
starts from rest at a height of 5.00 m. We want to find the acceleration of the
block on the ramp.

a. Draw a free body diagram for the block above and to the right. 5

b. Write out Newton’s 2 Law the block in all directions and the torque equation
for the pulley. 30

o 50® T —p = e
7&4
Te Lt

Given m=5.50 kg, Mpuiley=4.00 kg, R=0.500 m, and ju= 0.350.
¢. Find the magnitude of the acceleration of the block. 15

m—nny

'Fh ~ Mg oS ?ao =0

ms g2 G0 0 —F A VNS s T g
g
Sud Gy T Jey 7 5o @ mé/l‘fa T OO eV o Mo
mﬂ( OB D e 5y 9O) Q/l'\‘h;/i/”/) )a
a= - PIEAN WA AR R s*\/‘eww‘ij
I 5

= 5 ¢y /g >




6. A thin rod of mass 1.50 kg and length 2.00 m is initially at rest on a horizontal
frictionless surface and is pinned through its center by a frictionless shaft. (A top view is
shown above.) A small ball of mass 0.500 kg is initially traveling with a speed of 12.5
m/s. It hits the rod and sticks to it at a distance of 0.800 m from the rod’s center.

a. Find the moment of inertia of the rod about its pivot point point. 5

T—=_Lye>= 7%’ (], 50) (Rov)> = o g, ks 1"

>
b. Find the linear momentum of the ball before the collision. 5

7= (05v0) UP8) = Gaghs T

c. Find the angular momentum of the ball about the rod’s pivot point before the collision.
Take +z as the direction out of the paper. 10

.= rpsme = (/8)0623) (1) =~ 500

rhbhed s p s ke [ 737
'T‘"’\\e L— % "G L/77\)

d. Find the angular speed of the rod/ball system after the collision. 20
o5 = (D P, ) @
=( o500 F 5917w
— ( 0500 F 072 )u >y €2 .
W= GoJO pud/s
e. Find how many revolutions the rod/ball system makes in 45.0 s after the collision. 10
O = Ot Lot to = (Ll0)(ys)
= 22Y rud

- LZ/;:?» Ve
> (7
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1. Two stones are initially at rest on cliffs of heights Ha=85.0m (stone A} and He=125
(stone B). At t=0, stone A is dropped straight down. At t=0, stone B is thrown down with
an initial speed of 17.0 m/s. Take the y-axis as positive up and 0 at ground level.

a. Fill out the tables of known guantities for the two stones:

Stone A: Stone B:
Parameter Known Value Parameter Known Value
' Xo 3G, 0 m X0 /25 m
X1 X
Vo ) Vo — | Fone
Vi - Vi
a ~ 9 &l nsg> |a ~ 9.8l mys>
t t

b. Write the equation for the position of stone A as a function of time: 15

w= TIT0 L gt>= B0~ Y7047

¢. Write the equation for the position of stone B as a function of time: 15
. 2 ‘
v 25— (F0t L ot = hs L= Vet

d. Find the time and the position when the stones are side-by-side. 20

85 - Ly €= o = [H A
3 = o

= Yo -
L

2,358




2. A cannonball is shot from a cliff of height H = 135 m at a castle wall. The castle wall is Y = 1756 m high
and a horizonta! distance D = 225 m from the cannon. Take y = 0 at ground level. Assume the ball just
misses the top of the wall on the way down. Assume the takeoff angle is 45.0° with respect to the
horizontal direction.

a. Make a sketch of the trajectory of the bali from start until it grazes the wall. 5

b. Fill out the tables of known values. (Take the “final"
osition as when the ball grazes the top of the | Parameter Known Value wall.)
Parameter Known Value Ye ; Z 'i:"" L
Xo & bl Y 3 i o= o
X 2"2 s—m VYO V{) g P\" l/ g\o VJ- ) 7 o
Vi Vo S 750 Wy = Vo SmY5
Vg T 3y — L4 AP
ax I !
f

¢. Find thé initial velocity of the cannonball in vector notation using the coordinate system above. 15
A D25 = 0+ YoShysoL£
L : 2
o JAy = DT p Vet —Laf
(A5 =185 f 225 ~Lge>
—,-é‘,ﬁ‘éﬁ_: /‘gs_\) \é-:_é;‘}'zrs
Vs Sin v 59 = 9@3 2 2366 T 2 2P0k e

1

d. Find the acceleration, velocity, and position of the cannonball in vector notation at its highest point. 15

Q= =18 s> 7, D= B6lng O

¥ 6 = ’54,&-9{\/ = 3, %3

Y X = 0+ Bea( BA¥¥)- |7+
70“ o = 36 (> — }*ﬁé7) é/ /Lﬂé K>
}—j‘?_ QBQ— ?@2’"\) 22 %—g

e. Find the 2 times the ball is at the height of the castle wall. 15

gy [FE = /35F Bk f-daE? 5, 6
Y7 05E> —26.46 10 =0 2
Lo et J3600E vrdes
7/

= 305 ev Gl3s




3. Blocks A and B are being held at rest on a smooth ramp and then released and they
slide down the ramp in contact with each other and with a force pushing on block B
parallel to the ramp. The ramp makes an angle of 40.0° with respect to the horizontal.
a. Draw free body diagrams on the blocks shown above and on the right. 5
b. Write out Newton's 2nd Law for both blocks in the x- and y-directions. 30
A 7 e Iy st ol g e

A -

7 Fr ~mgamyno® =0

fi F - Pe st sy,

I R N T

c. Assuming that Ma = 4.50 kg, Ma = 9.50 kg, and F = 60.0 N, find the magnitude of the
acceleration of the blocks and the magnitude of the contact force between the blocks.
15

S conbmets  Ft (ompatmpdgsinvol= (Rfmpda

o= k£ 4+ a9 rod
WA AP B)
= Lo + 99N ol = (0,6 m /s>
] ¥

At Foe= wma( @ — 5 G M vo0)
= L{(g\(/&,&—BSr\‘f‘r()@
= /12 N




h=0

4. Two blocks with masses ma = 4.00 kg and ms = 7.50 kg are connected by a light
string and suspended over a massless pulley. Assume the initial height of both blocks is
h= 4.00 m. Block A is attached to a spring with spring constant k = 15.0 N/m. At the start
of the problem the spring is unstretched. The blocks are released. We want to find the
speed of the blocks after they have traveled 3.00 m.

a. Create energy bar charts: 10

K Ugar, Wiping  Eth ¥ Ugay Uiping,  Ethy

b. Find the initial energy of the blocks before they start moving. 10

L= [L(fOO (RN )37 (%Ob) RN AT I

c¢. Find the speed of the blocks after they have traveled 3.00 m. 30
= My, 7L b > ¥ ‘ ,./.( - u |
(51> Lt iy #.;lﬂ k(32>+g (WF+ 25
- SIT VT LTk T3y

SRy vie 3%
UQ‘ ,Q\r‘l'!g V&/%




5. Ablock on a rough ramp is attached to a light string wrapped around a pulley. Given
m for the block and M and R for the pulley {a solid disk). Assume the block starts from
rest at a height of 4.00 m. We want to find the acceleration of the block on the ramp.

a. Draw a free body diagram for the block above and to the right. 5

b. Write out Newton’s 27 Law the block in all directions and the torque equation for the
pulley. 30

S m 5 sMGp o T T ?5;\:)4.\&{

F,\ ~ s (05 507 = O

TR ~FA = 1 ¥k a
Tk AJ;\)%/P(

Giyen m=6.50 kg, Meuiey=3.00 kg, R=0.500 m, and yx= 0.250.
¢/ Find the magnitude of the acceleration of the block. 15

img 307 5o ¢ =F Al thfog’f‘éa = Mg

!

/“-]":1,.:;_[\70(

—

I 4 (9%7?0&—-/QFJ®9§30)3—(f%*“%;) a
a = 6N (S S0t — 250706 £ob)

loi 50 + 2L0F
2

= M, &rm/g>
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6. A thin rod of mass 1.80 kg and length 2.00 m is initially at rest on a horizontal
frictionless surface and is pinned through its center by a frictionless shaft. (A top view is
shown above.) A small ball of mass 0.600 kg is initially traveling with a speed of 13.5
m/s. It hits the rod and sticks to it at a distance of 0.800 m from the rod's center.

a. Find the moment of inertia of the rod about its pivot point point. 5

L=l vr= S (180)(2)% 2 0600 ko m™

b. Find the linear momentum of the ball before the collision. 5

P (e imsy = F00 day T

¢. Find the anguiar momentum of the ball about the rod's pivot point before the collision.
Take +z as the direction out of the paper. 10

[,\—,_ ry S N = (‘,goo)fg’:/a)(()':—d,zg
2 /k - L
P kot Dl Gitg /‘“}}m/g ‘[4 \/C:_ﬁﬁ
v

rule

d. Find the angular speed of the rod/ball system after the collision. 20

é,rgg’:f(h‘frw{%l\w/()cu

— < O,k 60 x(b&@(}%)z?tu
(o wort 380 )w =  9¢vy
w = G657 vedls

e. Find how many revolutions the rod/ball system makes in 55.0 s after the collision. 10
6= 0% wbto= 6 57(YY)

= 262 rd o T2 eu
71




