Your Name: PHY203
Final Exam
Chapters 1-11,15

Show work

Use correct Sl units

Use scientific notation

All answers with 3 significant figures
use g = 9.81 m/s?
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1. Two cars travel on perpendicular tracks. At a time of t=0, car A passes the x=0 point with a constant
speed of 18.5 m/s. At a distance of Dy = 195 m car A crosses the track that car B travels on. Car B
passes y=0 at t = 0 at a distance of D> from the point at which the roads cross. Car B is initially traveling
in the +y direction with a-ce#etart speed of 5.00 m/s and at t = 0 accelerates at 3.00 m/s2.

a. Produce motion diagrams of the cars above the axes. (Assume the cars crash and stop at the
intersection.) 10
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b. Fill out the tables of known quantities for the two cars. Take the final position as wien they crash: at
the intersection.

Parameter (Car A) Known Value Parameter (Car B) Known Value

Xo O Yo O

Xt [£5 n yf Da

Vo /@5 /s Vo Sovn/s

Vi (9. 7/S§ Vi

a O a A
t t

b. Using the coordinate system depici=d above, write an equation of motion (x vs. t) for car A: 10

Xn= [ 2:5 €

c. Using the coordinate system depicted above, write an equation of motion (y vs. i) for car B: 15
= Swet kL (30042 D00t £ [, 50Y 2

d. Find the distance, D2, such that the centers of the cars collide. (Hint: the distances traveled are
different so you can'’t solve this by set:ng xa = ys.) 15

ji5s = /8T 4, = [0S
Dy = ool /o)t Ayo(/05)>

= ?«/?Vh



2. A cannonball is shot from a cliff of height H = 25.0 m at a castle wall, as shown akove. The castle wall
is Y = 85.0 m high and a horizontal distance D = 225 m from the cannon. The initial vertical component of
velocity of the ball is 55.0 m/s in magnitude. Take y = 0 at ground level. Assume the =all just grazes the
top of the wall on the way down. (Ignore air resistance.)

a. On the figure above sketch above and the trajectory of the ball from start until it hits
the ground. 5

b. Fill out the tables of known values.(Take the “final”

position when

the ball grazes the wall.) Parameter Known ‘/alue

Parameter Known Value Yo S5 0om

Xo O Vi N
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t write it in

¢. Find the initial velocity of the cannonball and

vector notation using the coordinate syztem abeve. 20

P
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o = (22050 F 5ey) /8

37 = 2y £ 55¢-Lg€?
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55— bbiv 0
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Cor (778> ), Vox = 22, Tn/g

d. Find the velocity and acceleration cf the cannonball at its highest point in vecicr notation. 10
U= 225 Ty, @ 75 /s>
e. Fird the range of the cannonball, assuming it missed the wall. 15
g O =25 ¢ 55 —LgE™
Y7oy L =504~ 20 =0
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2. Aklsck on a rough ramp is pushed with a horizonial force, .

a. Above and to the right drew a free body diagram of the block whiie * is eliding up the

ramp. 5

b. Write out Newton's 2nd Law for the block in both directions. 30

A Fres 0% —mas/n650" ~ A EFn = m g

| )("/ Fh ~ 5 (o6 5o Y — F 5 5\00 =0

ﬂ»" e m=1.70 kg, F=35.0 N, and we 0.100.
o, Fird the magn' X rJ: site na "na' forze on the block.
Uﬁo) 0% £ 3595 5ol

= / &FQf((ﬁ: SG 3N

d. Find the magnitude cf the acceleration of the block. 10

a = Z 3505500 = 50555 50— /](363) ]
J o
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] 50

= 5.0% n/g>
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4. A ball of mass 2.50 kg is aitached to the end of a string of iength L=1.50 m and is

given a push so that it swings around in a vertical circle in a clockwise dlirection. The
speed of the ball at the top of the circle is 9.50 m/s. We want to find the apeed of the ball
at the bottom of the circle and the tension in the string. Fdl~ %7 Yl y e bt e T Hfd
a. KCre:ate energy bar cf charts: 5 y o at Lo ™Nome

b. Find the speed of the ball at the bottom of the circle. 20
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c. On the figure below, draw a free body diagram of the ball when the ball is at the

bottom.5 T/‘- y
m? é L

d. Write out Newton’s 27 Law in the y-direction for the ball at the bottcm and find the
magnitude of the tension in the string. 20

»T . 'I/V\ 5 — e 7’ = v
T = w«(——» 1\)
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B. On a horizontal, frictionless table a puck (A) of mass 1.50 kg is traveling with a velocity given by:
v, =(2.00m/ )i —(550m/s)]
it swrikes and sticks to a puck (B) of mags 2.25 kg initially (before the collision) traveling with a velocity
given by:
= SO/n/s)z +(2. SOm/s)J
a. Sketch the before and after situations including a coordinate system. 10
&
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b. List the known quantities before | Parameter Known Value | and after the
collision: Mas 33 Y ke

Parameter Known Value

Ma [/ 5 Ok

VA Q=5

Ma 22 % by

VB U5 £25704/6

c. Find the momenta ¢f pucks A and B separately before the collision in vector notation. 10

U;\ = L/’T@\ (2 ("\S’)b‘)ﬂ = (Bft«‘@‘ - 5’)(«75)’) ks /s

p _ 5

P\7>> = (20 (L5027 N S 339 0+ Sa2) ks
d. Find the velocity of the 2-puck combination after the collision in vector notation. 15

= - - — . .\S

f; KPR = G357 — 2625 = (337 Ve

S
VT 555 (6302050 (pee =0 )by,

e. Determine guantitatively if the collision was elastic or inelastic. 15

ke = la STERERL ?J “”ML/ 7257

ke = 1 (3 M)Q(/% F oot ] = Gidt
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6. Arod of mass 1.50 kg and length 2.00 m has a small ball of mass 0.500 kg (treat it as
a pcint mass) attached to the midpoint of the rod. The rod/ball is inidally swinging with an
angular speed of 7.50 rad/s about the end of the rod in a clockwise direction.

a. List the known quantities below:

Parameter | Known Value
! rod 2000
Mrod [S0kS
Mball Ot 56 18
0o 2. 59 A

b. Find the moment of inertia of the rod/ball combination and the angular momentum (in
vector notation) of the rod/ball with respect to the pivot point. Take the +z direction as out
of the paper. 25

L= F 2~ (2

1 — _L ("/( Té)(‘)r(f)@)l "'” /C’)z’ ?09)(/t 01‘))51
3 |
= 2,00 4+ L8500 = 2,70ks m
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Now the ball is released and slides to the end of the rod as shown above.
c. Find the new angular speed of the rod/ball system. 25

R S §
/%Cf’* IS\WJZ

T~ Do+ (0500) (200)>

= Y,00 F 2.00% Y00
s £ = /S’,S{ _
3/\ T - Y/ ¢ 7 [/‘a/ .
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1. Two cars travel on perpendicular tracks. At a time of t=0, car A passes the x=0 point with a constant
speed of 20.5 m/s. At a distance of D1 = 175 m car A crosses the track that car B travels on. Car B
passes y=0 at t = 0 at a distance of D, from the point at which the roads cross. Car B is initially traveling
in the +y direction with a constant speed of 5.00 m/s and at t = 0 accelerates at 3.50 m/s2.

a. Produce motion diagrams of the cars above the axes. (Assume the cars crash and stop at the

intersection.) 10

Car A:

9 A Cil 13 & [*8

| | .

| | > X

0 D,
CarB: N o @

y

0 DJ

b. Fill out the tables of known quantities for the two cars. Take the final position as when they crash at
the intersection.

Parameter (Car A) Known Value Parameter (Car B) Known Value

Xo C Yo O

Xt / j:.TL 5_ [ial yf D 2

Vo D6y n/g Vo o nm)S

Vi 2o v m/S Vi g

a 6 a B s
t t

b. Using the coordinate system depicted above, write an equation of motion (x vs. t) for car A: 10
Xh= 2o, 5€

c. Using the coordinate system depicted above, write an equation of motion (y vs. t) for car B: 15
o= Soet L (350> = Lovt +# T2

d. Find the distance, Do, such that the centers of the cars collide. (Hint: the distances traveled are
different so you can’t solve this by setting xa = yg.) 15
\6’ = 8 ’ s\% S

y j35 = 207 €,
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2. A cannonball is shot from a cliff of height H = 35.0 m at a castle wall, as shown above. The castle wall
is Y = 80.0 m high and a horizontal distance D = 205 m from the cannon. The initial vertical component of

velocity of the ball is 50.0 m/s in magnitude. Take y = 0 at ground level. Assume the ball just grazes the
top of the wall on the way down. (Ignore air resistance.)
a. On the figure above sketch above and the trajectory of the ball from start until it hits

the ground. 5

b. Fill out the tables of known values.(Take the “final”

position when

the ball grazes the wall.)

Parameter Known Value
Xo o

Xt 205 wm
Vxo0

Vi

ax O

t

¢. Find the initial velocity of the cannonball and
vector notation using the coordinate system above. 20
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d. Find the velocity and acceleration of the cannonball at its highest point in vector notation. 10
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e. Find the range of the cannonball, assuming it missed the wall. 15
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3. A block on a rough ramp is pushed with a horizontal force, F.

a. Above and to the right draw a free body diagram of the block while it is sliding up the
ramp. 5

b. Write out Newton's 2nd Law for the block in both directions. 30

vy ey 509 —=1m5% 17607 —u Fn = g

Tv“ F}.\F\N)’(\)?b@ﬁ/:‘;;??@d:*@

Assume m=2.50 kg, F=45.0 N, and ju=0.100.
c. Find the magnitude of the normal force on the block. 5

F/\ — m L; coS 5\0 o + F@ﬁ {%\é)
= 2vg st Yo ol =
= /53¢ + 34yr = SOV

d. Find the magnitude of the acceleration of the block. 10

Q@ Z 1500550 =2,554%50°~, | (maﬂ

fl*?’

5 259 /58— s |
i

— (‘/’7105{ ’f?’?/(;,}'



!

4. A ball of mass 3.50 kg is attached to the end of a string of length L=2.00 m and is
given a push so that it swings around in a vertical circle in a clockwise direction. The
speed of the ball at the top of the circle is 8.50 m/s. We want to find the speed of the balll
at the bottom of the circle and the tension in the string. Take the initial position at the top
with y=0 at the bottom.

a. Create energy bar charts 5

Uspring,  Eth,

b. Find the speed of the ball at the bottom of the circle. 20
| 2 . | — A V.
g;ﬂﬁr, éfV§L ' i}//b
> = 0 > L 2 al
L rTmEsa
—_— g / 9 > 7L ;_9 [ ‘7,)

(/5 = /},5 "/
c. On the figure below, draw a free body diagram of the ball when the ball is at the

bottom.5 +,
o L

)
d. Write out Newton’s 2" Law in the y-direction for the ball at the bottom and find the
magnitude of the tension in the string. 20

— )2,
’7“;»— mv\/g = -« = VhV

= ] V2 —_ 5 G~ 22
T /7/9+ ) 2.90/ 9 1—,4;»)
= 279N



5. On a horizontal, frictionless table a puck (A) of mass 2.50 kg is traveling with a velocity given by:
v, =(2.00m/ )i —(5.50m/5)]
It strikes and sticks to a puck (B) of mass 3.75 kg initially (before the collision) traveling with a velocity
given by:

v, =(1.50m/ )i +(2.50m/s)]

a. Sketch the before and after situations including a coordinate system. 10

s o7 7
V> 0
o

b. List the known quantities before | Parameter | Known Value | and after the
collision: Mas .2y Le

Parameter Known Value -

Ma 250 Ly

VA 02 ~550)%

Vs Savis |

\%: TP 425 ))n/S

C. Finq the momenta of pucks A and B separately before the collision in vector notation. 10
f:_z_ - ;}\f?ﬁ(12€¢9/5\;1> (?vvr ”/391\34\}“”7/>
733
5@7 3,39 (’/ 542 3'}3 (Z?M?v‘éw‘) Fonls
d. Find the velocity of the 2-puck combination after the colhsmn in vector notation. 15
.25 Vyp = (ST 383 +(51627 + 1, 383)
= (10620 —Y.t>3)
e
VAap~ L/’]—m-’ a %0‘35)
e. Determine guantitatively if the collision was elastic or inelastic. 15
?; ._L {l %‘)(")1.}9;?/‘){.& z,l>>(ﬂ -{«x\, j
— Yng 4 [T = 535
o = L (6o) (1374 301) = /0>
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6. Arod of mass 2.50 kg and length 3.00 m has a small ball of mass 0.600 kg (treat it as
a point mass) attached to the midpoint of the rod. The rod/ball is initially swinging with an
angular speed of 8.50 rad/s about the end of the rod in a clockwise direction.

a. List the known quantities below:

Parameter | Known Value
Lrod 300
Mrod ?;‘TO -L(

Mbail Ochfo k¢ A
Mo — %, 50 ”*J}/%}-‘

b. Find the moment of inertia of the rod/ball combination and the angular momentum (in
vector notation) of the rod/ball with respect to the pivot point. Take the +z direction as out

of the paper.

j,j;
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Now the ball is released and slides to the end of the rod as shown above.
c. Find the new angular speed of the rod/ball system. 25
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