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1.(a) A football player kicks a ball from ground level toward a goal post which is 40.0 m away. The kicker
gives the ball a speed of 25.0 m/s at an angle of 35.0° above the horizontal ground. If the goal post
has a cross-har of height h = 3.00 w above the ground, determine by how much the ball clears the
cross-bar,
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ie) Determine the maximum height reached by the football,
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id) The pilot of an airplane wishes to fly due east afier leaving the Waterloo-Wellington airport on a
windy day, Her airplane has an air speed of 350 km'h, but the wind is blowing at 100 km'h ina
direction 30.0% west of south. What is the ground speed of the airplane as the pilol Qies it dwe east?
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2.(a) A 5.00 kg block slides with constant speed down a plane inclined ot an angle of 30.0° to the

i horizontal. 'What is the cocfficient of kinetic friction between the block and the plane?
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(b) After the block rea::nfﬂ?a the bottom of the plane it is projected back up the incline with an initial speed
of 4.00 m's. What distance, d, up the inclined plane will the block move belure coming to rest?

€ N Chooxny 1t duschon UP e ineline,
v [ﬁ\”ﬂ ~F —mysmse = ma =086 = @

m 0= =M qeerie” - g #m 3o 0= -—G-S??{?.Fdjwjn’-?.?ﬂsahjn"
= =4.897-4.90 = - .20 {(i1eTowy e m'u’anirJ
taw W% vt 2a (x-4,)
© =(#@)*+2(-q.e0) fd-o) = d="Y, = 08lbm
{c) Three blocks are arranged at rest as shown, (M = 5.00 kg 0 ¢
and My = 2.75 kg, connected by a light cord over a
[rictionless puiley with moment of inertia 0,225 kg m* and
radius 0.150 m. The coefficients of friction between block

A and the table are pg = 1L.250 and i = 0.200, Find the
minimum mass of block C such that A does not slide
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(d) If block C is suddenly lifted from contact with hlock A, find the acceleration of block A
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1. A dewnhill ski racer (K5) of mass 60.0 kg iravels a distance of 50.0 m down an inclinad plane which
makes an angle of 20.0% 1o the horizontal, and which has g, =0.150, Neglect any air resistance
(a} Draw a free body diagram of the skier, showing all the forces on her.
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{b) Determine the magnituede of each of vour forces shown in part (a) and find the constant acceleration

of KS.
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ic) Caleulate the work done on KS by each of the forces that you have shown in part (a) during the

mation described.
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() Using your answer for e acceleration from part (b), find the velocity of K5 at the bottom of the

5041 m section of the incline if she started at the top with an initial velocity of 3.00 m/s down the
incline,
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(e} Using vour answers from part (c), verify your answer to part {d) by using a diflerent method of
calculation.
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4. The cable of an 15K0 N elevator snaps when the
vlevator is at rest with the bottom of the clevator a
distance b = 4.00 metres above a cushioning spring
whose spring constant is 150,000 N/m. When
the cable snaps, a safety device on the side of the
elevator is activated so that a constant frictional force
of 3000 N opposes all subsequent motion of the elevator.
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(a} Find the speed v of the elevator just hefore it hits the spring. S T o A 0
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() Find the maximum distance d that the spring is compressed.
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(¢} Find the distance L that the elevator will “bounce™ back u; the shaft ﬂ;m i {he lowest point
reeched in part (b).
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5, Mass m; = 1.00 kg, initially moving at a o= AFTER 42000 Mg
speed of 3.00 m/s collides with a second mass
mz = 2,00 kg, initially at rest. After the collision
my is observed to move al 2.00 m's in a direction
of 60.0° from its original line of molion.

(al  Determine the magnitade and direction of the 1.rr-l|:-r-|1‘)' of my atter the collision.
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(b1 Determine the change in kinetic energy of the sysiem of te twe masses during the collision.

e Ko - K¢ MBS - @iy

] :(Fm, FL+'m=U"') [immﬁ r:}) @
5;{{ w}(}: @)= + -L(2 DIJJ(IEH) f f‘-mkﬁ'“’,ﬁz
Iz o + ?s‘f { 4.50f

= mIE - sD = o~ 075 d

{c)  Dretermine the magnitude and direction § (relative 1o the positive x a?r.is:_trﬂhr average forcc
exerted ou iy by iy during the collision, if the duration of the collision is 0.0350s.
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6. Professors Brandon and O'Donovan go into outer space together to experience zero gravity and to

perform some.experiments for a UW Physics demonstration video. Each profeszor with his space
suif has mass 120.0 kg and they hold onto opposite ends of a 60.0 kg rod of length 8.00 m. Each

professor ig initially rotating about the centre of mass of the system at a speed of 6.00 m's,
I {rody=MT1 312

() What is their angular speed, w7

v R 150w @
W = A L E_E = LS50 rad/s
R 4. 0D
<
(k) If the two experimenters are (reated az point masses, what is the initial total angular momentum 1. of :
the system? -EA{ T T 2mR T
- : 2 b
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(&) What is the initial kinetic energy K of the system?
K, = £ T, 8% K= 4480 I @
z 4
= léo |/ 150 e
= 3 (e )00 g — )
y U,
= Yggo T K= 4,91 4(1 :

{d) By pulling on the rod, they both move toward the centre at the same rate until they are separated by
3.00 m. What is their new speed, v7

2 wdonak to ppadom s : v= §.57 @
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(e} How much total work did the lwo experimenters perform in this operation?
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7. A student places a small rubber ball on tp of the Physics Building Observatory dome. The student
gives it & gentle push to start it rolling. Assume that it rolls wilhout slipping. Treat the dome as a perfect
hemisphere ol radius R = 2.00m. The ball is a solid sphere of mass m and radius 1 and with iwoment of
nertia

7 h i mr’.
[}

In the space provided, draw a free-body diagram of the ball when it has rolled down the dome througeh
an angle & measured frum the vertical. Show all external forces acting on the ball

Lzl
(k) Find un expression for the tangential acceleration of the centre of mass of the rolling ball as a function
of @ (i.e. find ils acceleration component tangent to the surface of the dome).

{ -]ngw, alprwt irafrndarcases pofatiot avie at
‘gf?; - I, «, &Y

rmgsm o = L.op = L_%Mr" -p-mrﬂ ol 2
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Iv)  Use energy methods to find an expression for the speed of the centre of mass of the ball as a function
of angle . (Neglect the small radius r of the ball in comparisan with the large radius R of the dome),

et Fs Free dose no wok ond all ot foos o L:Ju,mm.hi;{? \
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Find the special angle 8" at which the ball leaves the surfuce of the dome?

id)
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muiihdﬁ%@ ot sacd &7 udie N0,
o m;ma"-a - m igjfff'ﬂ—m{}’ /R
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F 2 _ =
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B.4a) Professor Brandon's grandson, Matthew, is lesting a spring gun for a phiysics "'U‘?‘

demsonstration. On relense, a steel ball (mass m = 10,0g) leaves the gun with

horizontal speed v = 12,0 m/s, The ball makes a completely inelastic collision
with some plasticene in u vup {lowl moss M, = 140 g, attached 1o one end of a H;
uniform rod (mass My = 300 g, length L = 40.0 cin) which hangs vertically from L

u frictionless pivol, P, Afler the collision, the rod swings in a vertical planc

through an angle S belore momentarily coming lo rest. 1. (rodd) = ﬁML"

(1) What is te total moment of inenia abowt P of the rod, cup,
plasticene and steel ball? (Treat the cup/plasticenc/ball
combination as o pmm mass, )

pl o f L

I = Twmy i s "‘Irrd_""('f "'I +1

pall

le= 0. O@ppke m*

G -

[mﬂzl. + M { I + (M +m)L oR Yo% [0 F kjml

L (03) (04)" + (0-14)(0.4)* + (0-01)(6 oL

= o, OO + 020224 4+ 0001E = O
Lit) Fird the angulur spesd of the sysiem LutmrdJan ¥ after the wl]i.slm

400 kg m *

Sinat deos ane andenad  dun 'i'-ﬂ-{#{i‘-l-bmjm
Liz Ly, L= Lxmd & e bt

w= fe 2 rods

Lmar + 0 = L&
(ﬁ'#](’&am?}{ffaa} = (ﬂ-m,t.m}g,_}
W = ﬂ'ﬁﬂ‘yﬂﬁum = 2O rmﬁ'/'s

(iii) What iz the value of Oy, 7

By = ;‘2'? .

®

ME gy = MEp, whae ME = Ky + Ugpa,,

Jir,,tdt +o+o= O+ M, g —-<" 5""’9) +(f"? +m)3-‘-_(’*"‘"”

&
Lorfe we hae vard  CM oy rises -hj -—i‘{"-mﬂ Cyp rises Li- mﬂg)

0.02880 = (1-co 0, ) [ 0-3(990)(044) +{a i+ 0.00) (950) (04 ]
;nmaﬂ = 0-02% /[oiS93 + 0.5¥8] = 002449

09155 = @& =l2.7°
iy Al l.hr:N Htll Classic, n Waterloo fith l:nnp a banner of et

u oL L T W A, s TR

weighi 400 N from a uniform rod AB which is 1,00 m long

and of weight 120N, The rod is suspended from the pym
celling in a horizontal position by two ropes as shown, and it

i5 in equilibriwn with the rope ut B muking an angle of § = 36,9,
Fired the tensions T, and Ty i m two ropes, and determine

the angle 0,

Moo 4atf ™ Fswd - Jyamp=o T
- N & T;gﬁmHTﬂfmﬂ:;zo Ta= 379 N
'f“daﬁw i fr t‘ﬂT-..-u "j , Chemag 0 aft A ;r:: f:‘;?;} d:;
€
o himincts Ty Vegpec.

"5 1) T mgb —(G-z.ﬂ(%.:ra - (’av_rn)(mp) =
@;1-7'5 ('lf’fm'-‘"”}/mnq = 20D-DB
D= Jqgme = 200 4 36:9° = [20.]

B> Tq s = 520~ 200w 3L.9° = 3L0.0

Yam ¢ = 128, =L = 0=)3.45"

ard Tp = "2%cm ipyge = 377
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Totaf 20



