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VECTOR KINEMATICS
IN TWO
DIMENSIONS
AND
DYNAMICS AND VECTOR

DYNAMICS

Vectors and relative Velocity
Motion with constant acceleration
Forces
Two-dimensional dynamics

N
%

" Outcomes

sxtunuons O : L e - ..
It is expected that students will:: |
A ldoutlfy scalars and veclors

It is expected that stud vnll use t.he of two-di ional d ics to analyse

£ resolve & vectot into Components using triganomistry- .- B Svone

A7. use graphical methods or tri Y to add or, subf vectots

A% describe relative velocity . . .

“A9. ‘use'vector analysis to. determine velocities, displacement, and tite of travel for navigation problems
A0, gatherand orgnmze data, p roduce and interpret graphs, and detemunqrg[ ionships between variables

B, identify smatmns mvolvmg the use of kmemntlcs

BZ solve problems mvolvmg* . K B B : e .

. dxspleccm:nt . .+ initial velocity o final velocity
¢ average veloéity .. e acceleration s time

B3. describe the shape of the path taken by a pro_]ecmc fired at some augle above the horizon if ﬁ-lctmn is
vegligible ; :

determine ﬁ-om expenmcntal da(a that the honzontal motion of a pro_]ectﬂe is mdependent of i ns

“vertical notion if fietion is negligible

 BS. demonstrate that the horizontal velocity of 2 pro;ccnle is constant if fiiction is ignored

Bﬁ“;smte that a projectile experiences a ant downward. accel

“negligible ;

résolve a pro;ectlle s velocﬁy into honzontal aud vemcal oomponents

‘solve pro_]echle motion problcms inv fvu.\g P ,', L .-

range . *  maximum helght T time of flight

*  displacement . veloclty X s acceleration

" Cls: state Newton's laws of motion
> identify workplace and cémmunity situations involving Newton's three laws
C3. apply Newtod's laws, of:motion to-common situations : 4.8
G solge problems involving: o o 9
force R © e miass " e deceleration
C7;__-,solve problems mvolvmg 1]
e the fotcedf gravity (wéight) s
gravitatippal:field streagth -
~ e mmss :
.C8,. solve problems involving: NRIB TN
" e force of friction - * *  coefficient of friction o normal force
DI resclvea force into two orthogonal components .
D3. deterinine the magmtude and direction of a force given xts two orthogonal componeuts
D3. detennine the net force from twoe or mre forces T 147
D4. construct free-body diagrarms for objects in various sntuatxons 15
D5. use free-body diag to solve probl involving b d or unbial: d forces 16,17 ’
Dé. solve problems involving objects oa inclines 18,19,20




Vector Kinematics and Dynamics

Ve'étor-Kinematics-- AN

LAl Ident ify scalars zmd veclors )

A scalar is aquantity that only hss mag'mtude Some
examplés of soalar Gquantities are heat;’ fempcrzltm'e
and speed. A vector has both magnitudé and- -
-direction. Examples of vector quantmes are
dxsplacemeut force nnd velocxty

A2 Identify the result; vector zmd 1D ¢
. vectors on vector dragram.r

A vedtor v, that lies on a plane, may be disassembled

into components. This. is called resolving the vectar. -
_«The vector components are perpendicular to each

other and pa:allel to elther l.hex ~axis or the y-axis.

The cornponent vedtors are labelled v,r and v, for
vectors in horizorital or vemcal dxrectmns
: respectwely

A3 Write vector equations describing the vector
addition of two or more velocities or
displacements. =~

“To add or subtract vectors vand v':.

1. Resolve into cornponents v, and v,, and v}, and Vys

with

s /o .
vsm.e-—vy Vvsing =,
veos@=v, Voosd=v]

2. Add components
vV = (v v, )+(v,+v ) -

SVt v+, Y,
The result&ut :vei:'tbi-(li,)' Syt f/,, ’

'I‘he dlrectlon is found by tan0 2

Examp & ‘From pomt P, a mag walks 500m 30° north
of east. He then walks 60° fiorth of east for 700m. .

How far awny and in.what
P?

—sme (500)sm 30°— 250m

= vcosB (500)00530" = 433 0 m

y- 4 h :
v —vcus60°.—(700)cos60° 3501
LSy e =4330+3soo 783 0m.

Vyr =¥, V)= 250" 606.2= 856.2m

v, =/(783.0)" +(856.2)" =1160.2m (magnitide)

856.2
783.0
€ =47.6° north of east

tanf = (direction)

A4 Write vector equatxons describing the subtraction
of two velocities or dzsplacements

Example: A plane travels ata velocxty ‘of 200kmvh
45° south of east. A headwind blows directly against
it at a velocity of 50 km/h. What is the resulting
velocity of the plane?

’ Wind
Plane
% =200 km/h v..- Sﬂ lcm/h

VRV~ Wy = (200 SO)kah ”150 km/h

- Sinde the vestits dirsutip BHOSS & ehof.her, snmply

bction is.he frony point-

. from the resultantyector s. txp.

" subtract one from the Sther. -

+A5 Use graphtcal methads 0 ’resolx‘ea vector:ima

twa  perp

i

A vector s components m two-duuensxonal motlon
‘run in a vertical d.lrectlon, ¥y, and a horizontal
direction v,. They meet at a 90° angle

. To construct the-components graphically, dmw a hne '
horizon ly from the result vector’stail. This- . -

horizontal line will intersect the line dmwn vertically -

AL

A6 Resolve a vector imo components u.vmg
Irtgonamenjl

T )
Recall that sin § =-2-
- Vg

. 5:;» vy =vgsind (vertical component)

And . cosg=2x

. Ty v
=V, =V, cos8 (horizonfal component)
Exaniplé: Resolve v,= 250km/h travelling 60° north
of east isftorits components using tngonometnc
methods. :

vy =vg sin 60°
= (250km/k)(sin 60°)
=217kmh '
Ve =V, c0s 60°
—(250km/h)(cos 60 . 2
Ny 125km/h ’

. A7 Use graphiical metﬁaals' drph'pganametrytawor’ .

Subtrdct vectors. . .
Example: A plane traveii §’50° noft *o‘fw Al
225kni/h.experiences a S0km/h wind-blowing 152 -~ :
south, of west. Whatis the plane sresultant_ R
magmtude and duectwn?

) Solutmn (algebmc) -
1. Plage: vy -2250.;0350" wind: v, —50(:os 15°
i = l45km/h T =48km/h
=2255in50° " . vy =50sin 15°
r—-172lcm/h o ={3kwh
Resultant vector -

Ve =145+48 kovh = 193 kiv/h west _
v, =172-13knyh = 159 kb gorth

v, _,lv +v,2 -=193% £159% = 250km/h
tand = :‘—9-—395°n0nh0fwest .

vx

Solution (graphicat)’

Draw the vectors together, placing the tail of a vector
onto the head of the second vector. Draw the resultant
vector from the tatl of the first vgctor to the. tip of the:..

" second one. Measure using a ruler and an appropriate

scale. To find the direction, use a protractor B
measuring from the appropriate-axis. :

A8, Describe relati've velocity

Relative velocity depends ofi the perspective of the
observer. For example, two cars are travelling in
opposite directions at 110knv/h. To'the occupants of
either car it will appear that the approaching car is
travelling at 220km/h. To an observer at the side of
thi road; eithier car pasg g by’ will have A speéd of o




: A9 : Use vector dhalysis to:dotermivie veloeities:s - .-
.. displasement, and time of travel for n‘avtgatzon
probIems e

A10 Gather and: oréémze data, produde and.- -
intérpret graphs; and' a'efe)‘mxne relatzonshxps
bétween variables

Example! A plane, l:ravellmg at a ve1001ty of‘225km/h'

55%'riorth of east expiericices 4,7 5km/h wind blowmg

35° sotith of east, How long wﬂl it take for the plane
10 trayel 400km .

¥ ..,.P'lén?-'v; = m5cusise

A4129ldn/h

—225311155"
_ '_' A—184
’ Wmd o
TV, v, =75c05355"
C=fllawh.
~ 'v'v =955in35%. -

.. .. =43k,
vi =190% #1412 =237km/h ]

=L 69 hours orl hour and 41 l.mnu.tes

Vector Kinematics in Two Dimensions . .
{Motion with Constant Acceleration)

Bl Identify situation.s' involvirig the use of | kinémdt'i&s'

The study of object ; motton using force and | energy, -
cormprise the field of mechanics. Dynamics.is.the.
study of what cauises ‘Ghjects to move, K_mematlcs is
the study of how objects mgve: Ii kinéthatics, we©
solve problems of time, velocity and distance..

B2 Salve :problems mvolvmg

. dtsplacement

The displaceraent.of an object i§ 1ts change in |
_ position. .

Example: A woman walks 100m east, 50'm morth and
25m west. What is her displacement?

502 +75% =90m

o initial velocztyand ﬁnal Velp:é‘t:ty “
Exampte: The ﬁnal veloclty ofa’ car aﬁer

. decelérating 2in/s*6ver 5 seconds is SOkah What"

was the car’s initial velocity? = .
v= v,+ar a=2m/s? 1= 5s,and v= 22 2m/s

2.2mfs=v; - (Zm/sz)Ss) Fu,—mm/s
36003

= 2.2m/
v =322mfs =(3 S)(IOOO )

=116km/h

Exampla ‘A motdrbike:acceletates froterést atarate”
of 8m/s? for 6-seconds. What is its spesd after 6.
second.s in lkm/b?

vy 2y rat = o+(8m/s2)(6s)= dgmfs

36005

‘(43m/5)( km_y

=)= 1728 kn/b
1000m

Example: A car travelling at 100km/h accelerates at
100km/b” over 5 minutes. What is the car's final
velocity?

vy =v,-+am,t,

whefe v; = 100kxvh,

w1
S migX - =
i i 20

v, _100km/h+(100km/l12 (——h)
= 100kl + Sknivh = 105 km/h
o average velocity”

Example: A car decelerates from lZOkm/h to
70km/h in 10s. What is the car’s average velocity?

, .-__:.vf+v,: .=_170+‘120=95] 1

. tav P 2

LG

‘e accelerqtion

Example: A motorbike starts from rest and reaches a
final velocity of 200kmvh in 5 minutes. What is the
average acceleration of the motorbike?

LV +{v_~.,: 200km/h
a =t = —l——
¢ —h
12
= (200kmvh)(12/hj=2400km/h’

» time -

‘Whenever there is a change in posmon, timié is also
part of the equation. The tinte factor.produces a-rate -
which is a measure of how quickly a change is .
produced. Time is afso use in caleutations of how
far an object has teaveiled or the amount of change
that has occurred

Example: A freight car is travellmg at ap average-
speed of 2.00m/s. How long ddes it take to travel
15.0m? ) e .

B3 Describé the shape'af the path takenby a -+
-projectilefired at some dngle above the horzzon
if friction is negligible. .

From Galileo’ s.work, we learned that projectile -
motxou ‘may be:split info horizontal and.vertical -
components. The horizontal component remains-
consfant as there is no friction, but the vertical

componeut d(_)es change The projectile has an mmal‘

velocity, ¥, Which decreases umformly due'ty gravity
to Oriifs. A't this point the profectile chifiiges dtrectxon
and begins to descend. The altitude at which thé'
projectile’s vertical velocity is equal to v; coincides
with the altitude at whick: that the projectile received

its initial velocxty

B4 Determme from eJqJerxmental a'ata that the
horizontal motion of a projectile is mdependenl
of its vertu::al motion if friction is negllgtble ’

Bs Demonstrate that the horizontal velactty of a .
projectile is constant if friction is ignored

B6 State thata projectile experiences a constant

downward aceeleration due to gravity if friction

is negligible
A projectile is under uhiform and constant
acceleration due to gravity. Grayity is a force that

acts on all mass. For large bodiés such as Earth, the.
force is measurable and constant. Projectiles are

under constant acceleration unless another force suck -

as friction acts upon it. Most commonly, friction
would be due to air. In the absence bf friction, e
projectile cxpenences constant acceleratlon due to
gravity.

. Horizontal:

B7 Resolve a projectile’s veIocny into horlzontal and
vemcal components

The duectlon of a projectile can be fiéasursd by s
angle to the horizon since its velocity has-both a.
horizontal and vertical component. These- .
components can be resolved through mgcmometry

. Vertical:

=V, =v;sin@

w
cosf=—
oy

= v, =v,c058

Example: A baseball is hit with an initidlwelooityof *
30.0 m/s at an'angle of 55° with the hgrizontal. Find..

-the initial vertlcal and honzontal:coplpouents of the
velocity. .

Vertical: . Horizontal: .

ay=visind T x=vieosd

= (30.0)(s1n55%) = (30.0)(c0s55°) .
= 24.6mis e =ime

B3.. Sofve projectile motxon problems mvalvmg

. jange

maximflm height
time of flight .~
displacement

velocity -

acceleration



Example:, A foctball is klcked from the gromd atan
angle of 35°-with the horizontal at an rmual velacity
of 25m/s. Find the followmg

i verlxcal and hanzamal veIoczty

vy =y sin35°>
S=2ssim3ss
=143m/s
il. time of flight : e
Vertical: v, = 14.3m/s (from previous.calculation)

a==9.8 m/s? (acceleratron due to gravrly)

Vppeae= 0 (when the football reaches 1ts hxghest pomt)

Therefore, Vypeak = Vo + at Sy
0=14.3m/s - (9. 8 m/s* )(t)
143=98¢t
t=1.46s

This is the time for the balt to reach rts peak, whrch is,

half of the total ﬂrght of the ball. R

Peak

Foatbell 27

The total time of the flight is 2(1.46)s = 2.92m/s.
tii. Maximum Height . V
d=vt+ Lot
2
= (14.3m/s)(1.465) —%(9.8::1/s,2 Y(L.46sy?
= [0.4m
iv. Dmplacemem

The drstance from the mrtral pomt to-the maximum
heightt as the ball is rising is the same as the distance

frorm the maximum height to the’ ground as the ballis .

falling, Therefore, the vertical drsplacement is zero.
The horizoptal displacement i is:

* wind reslsm:lce, is 9.81m/s%,

d=vit=(20.5m/s)(2.925) = 59.86m
‘The total displacement is the vertical drsplacement

plus the horizontal displacement. HATN
. —0m+599m =59.9m ’

v..Range

ld—Horrzonfnl Rangq-—o];-.
d=v¢t

=(20.5m/s)(2. 92s)
=59.9m is the total range.
Vi. Acceleratiori ‘

The aoceleratlon of any obgect, not accountmg for

“which i is the coustant
accelemtron due to gravrty

Dynamios {Forces).

It i§"expedted that studsiits will Enalyse foroes actuxg'
on'an object aitd predict their éffects’onit. -
1t is expected that studenls will:

Cl: State Newton's laws of mattan

First Law: A body continues in its state of rest or of
" uniform speed in a straight line unless acted upon by

a non-zero net force,

Second law: The acceleration of an ob]ect is drrectly
proportional to the net force acting onitaad is’ | -
inversely propomonal to its mass. The dlrectron of
the acceleration is in ‘the direction of the net force
acting on the object. F=ma

Third Law: Wheneverone object exerts a force on a. -
second object, the second object exerts an équal and

oppositefoice on the first. s LU

C2 IHdenti ify workplace and community situations
involving Newton's three laws

C3 Apply New[on 's laws of motion to common -
situations o

Newton’s First Law can be 1llustrated byan example:

of a person skating on ice. The force of friction’
between the skates and the ice is very low, allowmg
the' person-to ghde a long distance before friction
with the ice of any .wind: bnngs the skater to'a stop. -

Newton’s Second Law can’ be 1llustrated by an

example of a person pushing a car that has fun out of °

gas. It will take some effort but the caf (mass) can be
made to roll (accelerate) in the drrecuon dmt itis
pushed (net force)

Newton's Third Law can be illustrated by an example
of a hammer as it hits a nail. At some point thie
hammer’s motion slows to zero as the force applied
9 the hammer by the iail is equal to the force applied
by the hammier to the nail, If thete was it a force
acting opposite to the poundmg of the hammer, the
motion bf the hammer would not stop.

C4-Solve problems lnvolvmg.‘
* force. . - : R
. Example: Caleulate.the force required to uniformly
accelerate a 900kg car 2 Omls :

F= ma : N
=(90(_)kg)(2.0m/sz) R, W

=1800 kg miss T
=1800N

o asy

Example: 'Wlmt is the mass of an o"b)ect thatlrequues
a force of 2500N to slow at 2 uniform rate of 3m/s2‘7
F=ma

2500N = (m)(3/s )

m=3833kg

* acceleration
What is the acceleration of a 50kg objeé't, when a
force of 1500N is applied?

F=ma
lSOON— (SOkg)(a)

C5 Describe force as a vector quantrly

cé Def né gravitational field strength

The forée - applied as an object is pushed or pulled has
both magnitude and direction and is descnbed asa
vector- quantrty :

Gravitational ﬁeld strength is an attractive propen:y
that all objects with mass possess, inéreasing in
strength as mass. increages. The: gravrlntronal field -
strength attribted to smalt objects such as cars or
houses is négligible. For celestial bodies such as the
moon, Earth or the sun, the gravitational field
strength is significant. As the distance ﬁ'om the centre
ofan object incréases, the field strength dumrushes at
an mverse square rate.

c7 solve proble_ms_ mvolﬁing:

o the force of gravity (Wéight) )

Exémple: Whit is the weight of 2 crate with a-mass
of 250kg resting on the floor?

Fy = mg = (250kg)(9.8m/s?)
=2450N =245kN

1=T840N

¢ gravitational field strength

Example: What is the gravitationat field strength

between a.SOkg objeot atid75kg o’lucct thiatare 30cm
. apan?

F= G’”‘"’l , where G= 6.%'75{16'"N.m2 Ikg?,
r

ml—SOkg m; = TS5kg, andr 0.30m .,

_6s67 xlo‘”)(SO)(']S) .
0.30)

=278x10°N  ‘This force is segligible.

womass, o he et e e el

What is the mass of an ob_;ect that wexghs ISON?
F=mg -

" 150N = m(9.8m/s%)

m=153kg

€8 Solve problems involving:
® force of friction

Example: The coefﬁcreut of static fnctron, Hes for
wood on wood situations is 0.4. Find the force of
friction of a 50kg wood crate being: pulled ona.
wooden platform in one direction so that it is almost
movmg (the force of static fnctron isat amaxrmum)

F=mg

= (squ)(9.8m'/s’)_

. =490N - e

Fj=pFN:

=(0.4)(490N)
=196V

. COeﬁ‘ cient of ﬁtctxon

Example Fmd the coefficient of | fnctlon for anice .

- block sliding on an ice sucface (kinetic friction).

(Assume that the ice block’has'a normal force of
980N and the force of fnctron is measurcd to be
29.4N) .

Fen
29.4 = 11, (980N)

M= 0.03

s normal farce

' Example: What is the normal forqc of a car of mass
" 800kg at rest in'a gmge? -

F,=mg
-(800kg)(9s )




""Vector Dynamics (Two-Dlmenslonal Example: A 75kg skier cee
Dynamics) ) B skis down a 27° angle slope. If the'coefficient of .- T; c0s30° +1'2 cos 35 S 196 IR
’ " friction is 0.10 what is the skier’s accelerahou down 5 R

- -DI Re.s'alve a ﬁ)r;:"e fnté two .orthogonal ‘compohents - the hill? . e A T :,o_§30 '=196'—T2 cos35"

i D2 Determme the magmtude and direction of a Thg

fa" ce given its two orthagonal components . ’ ‘,Ji =t (196~T; cos35%) ° .
. c0s30° [ .
D3 Determme the net force From two or.mbre fbrcex )
Example Deteriine the net force acting on the boat Substituting into 7 sin 30" ~T; sin 35 =0, we get

" in the following dlagram

(t96 T,_cos35)sm30 —1‘25m35 =0

Horizontal: .
i XF, =ma LT e D
. . . F - ) Fysin@-Fp =ma . Lt )
Horizontal F, =Fjcos 45° F =F,cos30° : | mgsin27°-pFy = (I5kg)a st
=60c0s45° . - =95c0s30° 33368 —0.1Fy=75¢ - - oenh Substituting the value of T3, we get:
. =424N .~ =823N teal” L . :
i Vertical: : - - . © Tisin30° —98.65in35°=0
Vertical Fy=Fsinds® | F, = Fysin30° ZF, =ma o :
~ G0sinds° — 955in30° —F, 0052704 Fy =0 R T;5in30° = 56.58 S
=42.4N =47.5N . mgcos27°= Fy T; = 113.16N= 113N L e
Sum Horizontal = 42.4 + 82.3 = 124.7N I . . :
| Vertic o= 42 4 47, 5 =5.IN Substituting into Horizontal, we get c

333.68-0.1(654.89) = 75a

5 2 2 . . -
: inz;‘ég” +5.1 333.68-65489=75a
' ot ‘a=3.58m/s?
(124 7

. Example: Find the tension in each. string supporting a
=2.34° below horizontal : : o 20kg mass,

D4 Construct free-body dmgrams Jor objects in
various sttualxons

Fg=mg
( 0kg)(9 8m/5)
196.

DS Use ﬁ‘ee—bozb/ diagrams to solve problems ) Tl L=
involving balanced.or unbalanced  forces
: rd

D6 Solve problems involving obje;ts on inclines

Example: Create a free-body diagram for a crate on a -
ramp inclined at 25°, where the crate has a mass of Fp
35kg and unknown friction ;.

F(35Z§)(9 8/e?) EFy =ma fisin30° T, sin3s" =0
;543§gcos3o° LF, =ma: Tjcos30° +7; cos35° ~ Fp=0
=297N

Since Fy = mg =196N, then S0 )

e

‘ 1 | —— —
[ ] [ ] [ ] F A R N [ A A [ ] [ ] A [ ] ]



TANVARY 2000 ' JuNE 2000 ‘ _
VECTOR. KINEHATICS AND DYNARICS VECTOR KINEMATICS AND DYNAHICS

1. Which of the following situations involves the use of kinematics?

A. Solving a back emf problem ) A . . ..

B. Solving a projectile motion problem 1. Which of the following contains scalar quantities only?

C. Determining the internal resistance of a cell ’ A. speed, energy

D. Determining the sum of two momentum vectors B. velocity, energy

C. speed, displacement
2. Consider the diagram bélow. » D.  velocity, momentum
¥
F=125N : [ 2. An object is fired up a frictionless ramp as shown in the diagram.

What are the components of the 125 N force? If the initial velocity is 35 /s, how long does the object take to return to the starting point?

A. 3.6s
B. 3.9s
. A. -62.5N 72.2N — C 79s
- B. -72.2 N 62.5N D. 17s
o} -62.5N 108 N
3. Which of the following graphs best illustrates the horizontal displacement of a projectile as a
D. -108 N 62.5N . . . c . .
function of time? Ignore friction.
A d, B. 4,
3. A projectile is launched at 35.0° above the horizontal with an initial velocity of 120 m/s.
What is the projectile’s speed 3.00 s later?
A. 68.8m/s ) — -
B. 98.3m/s ' '
C. 106 m/s c D. 4
D. 120 m/s a *
4. Ablock of mass m remains at rest on an incline as shown in the diagram.

The force acting up the ramp on this block is

A 0.

B. mg.

C. less thanmg,
D. more than mg.



AVGUST 3000

VECTOR KINEMATICS AND DYNAMICS
A constant net force acting on an object results in the object having a constant ‘

A. velocity.
B. momentum. .
C. - acceleration. L. Abookis at rest on a desk. Which of the following statements concerning the book is correct?
D. kinetic energy. . : -

A. The desk exerts no force on the book.

B. The book exerts no force on the desk.

) C. There are no forces acting on the book.

A curling rock is travelling to the right across the ice as shown in the diagram, g . D. . The forces acting on the book are balanced.

2. An 810 kg dragster is being decelerated by a parachute at 2.5 m/s? as shown in the diagram.

Which of the following best represents the forces acting on the curling rock?

Cord
A B. c. D. ' ] >
» ’ ‘What is the tension in the cord at this moment?
. A. ON
B. 2.0x10°N
C. 59xI10°N
— D. 7.9x10°N

3. The system of blocks on a frictionless surface in the diagram below is acceleratingv at 2.0 m/s%.

a=2.0m/s*

What is the tension in the cord at X?

A, 2.0N
B. 6.0N
C. 80N
D. 16N
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JAnvaRY 3004

VECTOR KINEMATICS AND DYNAHICS
4. A 5.0 kg block remains stationary on an inclined surface.

1. Two velocity vectors, v, and v, are shown.

o

V2
‘What is the friction force acting on the block?

A. 2IN
B. 23N

C. 44N : -
D. 49N ¥

. . Which of the following best represents the resultant of the addition of the two velocity vectors?
5. What is the acceleration of the roller coaster car in the diagram below? Ignore friction.

A. B.

6.6 m/s?
7.3 m/s?
8.8 m/s?
Depends on car’s mass.

oow»

- 2. Inlanding, a jet plane decelerates uniformly and comes to a stop in 38 s, covering a distance of
1500 m along the runway. What was the jet’s landing speed when it first touched the runway?

A. 2.1m/s
B. 39m/s
C. 9m/s
D. 170 m/s



3. A projectile is fired into the air at some angle above the horizontal. The horizontal

displacement of the projectile is measured against time in flight and the collected data is shown 5. A 45kg woman is standing in an elevator that is accelerating downwards at 2.0 m/s?. What
as a horizontal displacement versus time graph.

. force (normal force) does the elevator floor exert on the woman’s feet during this acceleration?

. v . A. 90N
Horizontal o at L0 b ) L 2 B. 350N
Dlsplz(a:‘?ment . ) C. 440N
120 . D. S30N
N 8.0 ; - ' ‘
4.0 2 i i '
6. A 15 kg block is pushed up a 35° incline. A friction force of 110 N exists between the block
and the incline. -
0.0

00 10 20 30 40
Time (s)
Based on this graph, the horizontal velocity of the projectile during this time interval is

A. constant.

B. increasing.
C. decreasing.
D. equal to zero.

‘What minimum force F, would be nécessary to move the block up the incline at a constant

. : - . speed? ) ’
' ' ' f G A 26N
4. An object is sliding down an inclined plane at a constant speed. }(3: ?‘;é‘lN

D. 190N

Which of the following represents the free-body diagram for the object?
) /\ | é ) j< VD' ‘ ‘



TUNE 2001
VECTOR KINEHATICS AND DYNAMICS

5. Two masses are connected together by a rope and pulley on a frictionless inclined plane
as shown.

1. Which one of the following contains only vector quantities?

mass, time

force, velocity
time, momentum
acceleration, speed

onwy

2. A35kg object released from rest near the surface of a planet falls 7.3 min 1.5 s. What is the
acceleration due to gravity on this planet?

When the system is released, what is the initial acceleration of the 21 kg mass?

A. 4.9 m/s?
B. 6.5m/s
2
C. 9.7 m/sz Al 0.26 m/s? up the incline
D. 170 my/s
m/ B. 0.26 m/s? down the incline
o C. 0.48 m/s® up the incline
3. Aprojectile is fired with an initial velocity of 65 m/s at an angle of 23° above the horizontal. ‘ D. 0.48 mys* down the incline
If air resistance is negligible, how much time elapses before the projectile reaches its maximum
height?
A. 26s
B. 2.8s
C. 6.1s
D. 6.6s

4. Alarge mass, M, collides with a stationary small mass, m. During the collision, the forces

exerted on each mass are measured. Which of the following is correct about the magnitude of
the forces?

No force is exerted during the collision.

The large mass, M, exerts a greater force on the small mass, m.

The small mass, m, exerts a greater force on the large mass, M. N ) )
Both masses exert equal forces on each other during the collision. '

oow»

1



AUGUST 2004
VECTOR KINEHATICS AND DINAMICS

. 4. Aforceof 45N 1s applied at an angle of 35° abgve the horizdiital to pull a 21 kg crate across a
floor as shown bielow.

45N
735
1. Newton’s second law of motion is best shown by which of the following equations? m=21kg )
A a= %
B. a= F;:x ‘What is the normal force on the erate?
) C' Fnel = mv A. 26 N
B. 170N
D. F..= a(tz) C. 180N
D. 210N

2. A 45 kg rock experiences a force of gravity of 168 N on the surface of Mars. What is the

gravitational freld strength on the surface of Mars? 5. A frictionless pulley is set up with two hanging masses as shown below.

A. L6N/kg
B. 2.6 N/kg
FEEN C. 3.7N/kg R
D. 9.8 N/kg o Right hand rope

3. Two forces act at a single point as shown.

What is the tension in the tight hand rope while the masses move freely?

12N I8N A. 85N

B. 24N

3r° 25° C. 26N

D. 32N

What is the magnitude of the resulting force?

A. I5N
B. 22N
C. 27N
D. 30N

™ A C
i | } ’)



JANUARY 4002

VECTOR KINEMATICLS AND DYNAMICS

1. Which of the following contains only scalar quantities?

mass, speed

mass, velocity
displacement, speed
displacement, velocity

Sowp

2. An airplane heads due north

with an airspeed of 75 m/s. The wind is blowing due west at

18 m/s. What is the airplane’s speed relative to the ground?

A. 57m/s
B. 73my/s
C. 77m/s
D. 93m/s

. 3. What s the range of the projectile launched horizontally at 25 m/s from the 18 m-high cliff
edge as shown in the diagram below?

v=25m/s

——

18 m
30 m
46 m
48 m

vawy»

4. 'The block in the diagram below is being accelerated to the right across a rough surface by a
force applied through the rope. .

rope

Which of the following best represents a free-body diagram for the block?

A.

[ ——

B. 0
-
D. w

5. What is the normal force on the block in the diagram below?

oowp

25kg

25°

00N
10N
22N
25N



TUNE 2002
VECTOR KINEMATILS AND DYNAHMICS _
3. A 5.0 kg block is being pulled to the right by a 75 N force.

m=50kg

L. A L5 kg block slides down the incline at a constant speed.

What is the normal force on this block?

X A 23N
B. 26N
C. 49N
D. 75N
25°
4. Two masses are connected By a string as shown in the diagram.
What is the net force on this block?
A. ON
B. 62N
C. 13N
D. 15N
2. Alocomotive pulling a freight car accelerates at 0.50 m /s? as shown i the diagram. — ‘What is the magnitude of the acceleration of these masses? (Ignore friction.)
. A. 0.11 my/s?
s a =0.50 m/s? B. 0.19 m/s?
m=20000 kg ‘ m = 10000 kg C. 0.86m/s?
' s ' D. L1mys?
#.._..T#._.—_.—"_ — ﬁ.—l 5. The system of blocks shown in the diagram below is being accelerated to the right at 4.4 m/szi.
o - _ a=4.4mfs
‘What is the tension in the coupling linking the locomotive and car? (Ignore friction.) : _
A. S000N ' 0.20 kg .
B. 25000N CDXE
C. 30000N
D. 390000 N

=035

What pulling force is applied by the hand?

03N
10N
13N
23N

oowx>
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AVGUST 2009
VECTOR KINEMATICS AND DYNAMICS

1. Consider three points in the path of a-certain projectile as shown in the diagram below.

What is the acceleration of the projectile at each of these points?

ACCELERATION (m/s)
AtX AtY AtZ
A +9.8 0o -9.8
B. +9.8 0 +9.8
C. -9.8 0 -9.8
D. -9.8 -9.8 ' -9.8

2. A projectile is launched over level ground with an initial velocity of 65 m/s at 30° above the
horizontal. What is the projectile’s time of flight?

A. 36s
B. 66s
C. Ils
D. 13s

3. A block is launched up the frictionless incline in the diagram below with an initial speed
of 5.5 m/s.

What is the maximum displacement, d, of the block up the incline?

0.44m
087 m
15m
24m

oowy»

4. Which of the following are units for gravitational field strength?

A. kg/m
B. kg-m/s?
C. N/kg
D. Nfkg?

5. The block shown in the diagram below remains at rest.

m =0.50 kg

What is the friction force acting on the block?

ON

3N

38N

The friction force cannot be calculated.

vowp

S|



TANUARY 3003 .
Ve (ToR KINEMATICS AND DYNAMICS

4. The system of rtwsé”e’s shown below is accelerating to the right at 2.0 m/s’. If the tension in the
rope at point P is 70 N, what is the coefficient of friction between the masses and the surface?

2
2.0 m/fs

1. Inertia is directly retated to which of the following quantities?

A. mass E, 10 kg %@
B. charge S — .
C. velocity ’ ’
D. position A. 0.15
B. 020
X : C. 043
2. The 4.0 kg block shown below is accelerating downwards at 3.0 m/. s” near the earth’s surface. D. 057 R
What is the tension in the rope attached to it?
' rope .
\ / 5. A 6.0 kg penguin in a zoo exhibit starts from rest and slides 5.0 m along a very slippery rock
: slope (ignore friction) into the water in 1.4 s. What angle does the rock slope make with the
\ / horizontal?
4.0kg
A 21°
A. 12N : B. 28°
— B. 27N — c 31°
C. 39N D. 59°
D. 5IN

3. The mass shown below is accelerating to the right due to the two forces acting on it. What is
the size of the force F ?

A. 32N
B. 50N
C. 65N
D. 8N

C C C_ &



JUNE 2003 - .
VECTOR KINE MATICS AND OYNAHICS

1. Which of the following is constant for ail projectiles?

vertical velocity
horizontal velocity
vertical displacement
horizontal displacement

Onwx

2. A projectile is launched at 30 m/s o'ver level ground at an angle of 37° to the horizontal.
What maximum height does this projectile reach? .

A 3lm
B. 17m
C. 29m
D. 46m

3. A few minutes after takeoff a jet is heading due east with an air speed of 300 km/h. If the wind
is blowing at 60 km/h, towards 40° S of E, what is the jet’s ground speed?

A. 260 km/h
B. 340 kmvh
C. 350 km/h
D. 360 km/h

4. Which of the following statements is always correct about an object in motion?

A. Ithas a tendency to accelerate.

B. A net force must be acting on it.

C. Ithas atendency to keep moving.

D. The net force acting on it must be zero.

5. If the tension in the line joining the two masses shown below is 12 N, what is the mass, m?
(Ignore surface friction.)

A Llkg
B. l4kg
C. 2.0kg
D. 10kg

P~

Aveust 3003 o
VecToR. KINEMATICS AND DYNAMICS

1. The velocity of a moving object as observéd from anothier moving object is called its

A. relative velocity.

B. _associated velocity. '

C. differential velocity.

D. comparative velocity.

2. Consider the two vectors shown below.

- -
L) Vl
—_———

Which of the choices given best represents V- ?

A B. c. D.

.

3. A green ball rolis off of the end of a table at 2.5 m/s. The table top is 1.5 m above the floor.
How much time passes before the ball hits the floor?-

A. 035s
B. 0.55s
C. 0.60s
D. 1.2s

4. The free body diagram shown below is for a block being accelerated aéross a floor to the right
by the force F. Which of the following represents the coefficient of friction for this situation?

£

Mo

=]
n?"z.x’ "1,’:;] o:ql"’

£ |



TJANUVARY 2004
VECTOR KINEMATICS AND DYNAHMICS

1. Which of the following contains vector quantities only?

I

A. mass, speed

B. - energy, velocity

C. displacement, energy
D. displacement, velocity

2. Which of the following vector diagrams shows 2 as the sum of ﬁ and é (ie. X = —}3 + é )?
A A ’ B. N
A 2
& B 3 B
C
— R
C. c D.
A
C N
a B
B
S
A N, |
S
A

3. A projectile is launched with a velocity of 35 m/s at 55° above the horizontal, What s the
maximum height reached by the projectile? Ignore friction.

A. 53m
B. 2m
C. 54m
D. 63m

- If the net force on a falling object is zero, then the object has

A. constant speed.

B. constant altitude.
C. no kinetic energy.
D. no potential-energy.

. Two masses, one of 1.0 kg, the other of 3.0 kg, are suspended from the ends of a light string

passing over a frictionless pulley.

m=10k

What is the magnitude of the acceleration of these masses?

A 25m/s?
B. 49m/s’
C. 74m/s
D. 9.8m/s

- A 2.0 kg mass is suspended by a spring scale from the ceiling of an ¢levator. If the spring scale

reads 25 N, then the acceleration of the elevator is

2.7 m/s” upwards.
2.7 m/s* downwards.

13 m/s” upwards.

o nowp»

13 m/s® downwards.
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JUNE 2004 4
VECTOR KINEMATICS AND DYNAMIcS

L. Which of the following is a scalar quantity?

A, work

B. force

C. velocity

D. momentum

2. An astronaut on the moon throws a 5.0 kg wrench vertically upwards with an initial speed
of 15 m/s. The acceleration due to gravity on the surface of the moon is one-sixth that on the
surface of the earth. What is the maximum height reached by the wrench?

A 25m
B. 46m
C. 69m
D. 75m

3. Aballrolls offa horizontal roof at 15 m/s.

v=15 m/s

How far will the ball have fallen vertically when it reaches a speed of 24 m/s?

A 41lm
B. 18m
C. 29m
D. 37m : . R

. ‘The units N/kg are used for

net force.

gravitational force.

electric field strength.
gravitational field strength.

cowmy»

. A 1200 kg trailer is accelerated from rest to 15 m/s in 5.0 s. The average force of friction

acting on the trailer is 800 N.

What is the pulling force applied to the trailer through the hitch? -

A. 800N
B. 2800N
C. 3600N
D. 4400N

> |



AVGUST 2004
VECTOR KINEMATICS AND DYNAMICS

1. When an object is subjected to a constant positive net force it will experience a constant

caow»

velocity.
momentum.
acceleration.
displacement.

2. A 5.0 kg object is pulled at a constant speed by a horizontal 12 N force as shown in the
diagram below.

m=50kg

l'_—- F=12N
—

What is the coefficient of friction between the object and the surface?

A

B.
C.
D

0.24
0.42
1.0
2.4

3. A falling 0.60 kg object experiences a frictional force due to air resistance of 1.5 N.
What is the object’s acceleration? )

oo w x>

2.5m/s?
4.4 mfs*
73m/s?
12 mfs*

TN
N
( \

A 1200 kg vehicle is accelerated from rest to 15 mys over a distance of 85 m.. What is the net
force on the car during this acceleration?

A. 1600N
B. 3200N
C. 6800N
D. 10000N

. Two masses on frictionless surfaces are connected by a light string as shown.

Determine the magnitude and direction of the acceleration of mass m,.

ACCELERATION (ro/s?) DIRECTION OF m;
A. 0.74 up incline
B. 0.74 down incline
C. » 1.2 up incline
D. 12 ’ down incline

O7T




WORK, ENERGY
AND POWER
AND

MOMENTUM

Work, energy and power
One-dimensional momentum
Two-dimensional momentum

. . PR I

RPR ‘Oufcomes

.Questions. .

It is expested that students will demo
power to everyday situations.

It is expected that students will:

El define work I ) . .
E2. solve problems mvolvmg ) ’ e

s work
. force

+  displacement

E3. determine graphically the amount of work doue or objects by constant.or lmear]y varyuig foroes S

“Rd. define energy
ES.'statﬂhexwork—energy (heo;em G EE
ES. differentidte between kmet:c e‘nergy and ‘gravitatiorial potential energy and give examples of each
ET. soltsp problems mvolvmg CToe :

. . klne Y .
. .mass - .

. gravttatlonal potentxal energy.”

*  height

¢ velocity

E8 -state the law of ounservauon of energy and app]y it to real llfe situations
ES. deﬁne power -
E10.50lve problems involving’ )

*  power o work

*. time .. - ..*  efficiency

tate*aii ability to-apply energy transformations agd the concept of

56

7.8,9,10

F1. define momentura and impulsé
F2. state that morhentum and meulse are.vector quantities

F3. ideatify and compai of ¢ objects,

F4. solve problems ini/olving: : !
*  oetforce
e time
* impulse .. L .- . RS
¢ velocity . L e
¢ mase A ;

¢ momentum o v '-"
F5. state the law of conservation,of mi;J'rﬂcntuli:(
F6. determine whether a collision is elastic or inelastic
F7. solve problems related to colhstons or cxplosnons mvulvmg

¢ mass « initial veloctty
-+, finalvelocity . ., L e,
GL. analyse conservation: of momentum.in two dunenslons
) G2 gtveexamplesof ; ituafi mvolvmg 10me and impul:

into no more than three. fragments involving:

¢ mass oLt e momentum :
* _ velocity e impulse
L »=oay .

G3. solve problems for two objects involved in an obhque colhsnon or for a\stanonary objece expludmg |

1T



Work, Enérgy, Power, and Momentum

Work, Energy, and Power
EI Definé'work ’
E2" Solve problems involving:

* work
* force
¢ displacement . o
E3 Determine graphically the amount of work done
on objects by constant or linearly varying forces
E4 Define energy
"E5 State the work-energy theorem

E6 Differentiate between kinetic energy and
gravitational potential energy and give examples
of each .

E7 Solve problems involving:

o kinetic energy
¢ mass
e gravitational potential energy
* height
* velocity
E8 State the law of conservation of energy and
apply it to real-life situations
- E9 Define power
" E10Solve problems involving:

¢ power
* work

e time

# efficiency

Scalar quantities are quantities which have magnitude
(size) but no direction. Energy and mass do not have
direction, only size. Energy can be positive, meaning
a system has gained energy, or negative, meaning it
“has lost energy. The actual energy of a system is
neither negative nor positive, only the change in
energy may have either negative or positive values.

Not only are mass and energy both conserved
quantities, but they.can be converted from one to the
other and batk again. The amount of energy created
when an amount of mass is converted can be
determined using Einstein’s famous equation

E =mc? . This equation can also be used to
determine how much mass can be created from a
certain amount of energy.

E = energy in joules

m = mass being convertedinkg

c=the sbeed of light in a vacuum: 3.00x10° m/s

The mechanical energy of a system of objects is the

st of all the potential energy (due to gravity ora
compressed spring) and all the kinetic energy of the
objects in the system.

C

Example: A 2000 kg plane is flying at 500 m above
the ground at a velocity of 30 m/s. What is the

plane’s total mechanical etiergy?

Erechemicat = E potentiat + Etinestc
|

=mgh+—

mg. 3 @v

= (2000 kg)x9.8 m/s? x 500 m)
+(—21—x2000 kgx(30 m/s)?)

=9.8 MJ+0.90 MJ

Erochanicat =10TMT

The first law of thermodynamics states that eﬁergy
cannot be created or destroyed, simply transformed
from one state to another. This can be tested using

.algebraic or graphical analysis of mechanicat
" systems.

Algebraic analysis is based on mathematical
relationships that exist between mass, time, distance,
velocity, force, and energy such that

LByt =ZE final

Graphical analysis is most often used during
experimentation to determine mathematical
relationships. ’ .o
Examiple: What is the significance of the slope of the
graph below? .

Kinetic Baergy vs. Tlme

Kinetic Energy ()}

Time (1)

The graph shows kinetic energy with respect to time.
The slope, m, of the graph is
=22 _Exa-EBu

Xy — X -4

AE

At
Since W = AE , then the slope is the power of the
system described.
Conservation of energy calculations consider friction,
force and work as well as velocity and acceleration,
in accordance with Newton’s three laws of motion,
such that ’ )
ZE ot +W =LE gy

where W is the work done on the system.

+Ap=FAz

Momentum

_ (One-Dimensional Momentum) |
" F1 Define momentum dnd impulse -

Momentum is a quantity measured by an object’s
mass and velocity. p = mv : ’

Momentum is the measure of an object’s tendency to

stay in motion. A fast-moving object will have more
momentum than a slow-moving object of the same
mass. L .-

" Impulse is the change in momentum over time. The

total change in momentum is equal to the impulse.

F2 State that momentum and impulse are vector
quantities :

Since momentitrn is the product of mass and velocity

and only velocity is a vector, momenturn mist also be

a vector. Since impulse is a measure of the change in

momentum, impulse is a vector quantity also.

F3 Identify and compare of
objects

Exarople: Find the momentum of a 680kg car,

travelling at 120km/h. ’
First we must convert to m/s.

Ik 1000m
120k / F(———)(— =33,
(1207 / k(. )¢ ™ }=33.33m/s

36005

p =mv

= (680kg)(33.33m/s)
=22 666.67kgems

= 227104 kgem/s

Exanipie: If the same car in the above example were
travelling at 100kmvh, how would the momenta -
compare?

100km/h = 27.78m/s

P=mv

= (680kg)(27.78m/s)

=18 890.4 kg'm/s

= 1.89%10% kg-m/s
The difference in momentum is 3 §09kg-my/s.

- F4 Solve problems involving: .

* nef force

’ Example: Two forces are acting on a particle of

negligible mass. What is the net force?

© Fi=40N

F2=60N

Fy F,
Horizoutal  F,; =40c0s30° F,, =60co0s85°

=346N ‘=52N
Vettical  F,; =40sin30° Fy, = 60sin85°

T =20N =598 N

Net Force:
Horizontal B +F,; =34.6+52=39.8N
Vertical Ey+Fyy =20-59.8=-39.8N

398N

Fp=\3982+398% =563N  g=4s5°

® lime

Exam.ple: A 200g bullet is shot with an initial
Zglocxty of 630m/s from a gun with a barrel length-of
cm.

i. How long does the bullet take to travel the length of
the barrel?

vitv 0+630m/ .
gt L 0Ol
d 0.8m
t=— = = -3
v T 305m7s 2.54%107Vs

¢ momentum

. What is the momentum of the bullet as it leaves the
barrel? -

p=mv = (0.200kg)(630m/s) = 126kgeins
¢ impulse o '

i1, What is the irapulse given to the bullet while it is
in the barrel? . ' ’

Ap = impulse
meve —my; = impulse

=(0-200kg)(630m/s) - (0.200kg)(0) = 126kg-ms

. ¥
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o velocity ;. . s

Example: The momentirn of 4 110kg caris™ " -
27 000kgm/s, What is its velocity?

= =P
p=my ) v m
- 27000kgews o o
=24.5m/s
® mass

Example The morhenturn of a bullet leaVing the
barre] of a gun at 615m/s is- 135kg‘m/s What is the
weight of the bullet? ~

p=my m=2
v

- 135kgem/s
615m/s
=220g

=02195kg

F5  State the law of conservation of momentum

- When no outside forces'are acting on a system of
moving objects, the total momentum of the system
remains constant.

F6  Determine whether a collision is elastic or inelastic

An elastic collision occurs when two objects collide
and there is no permanent deformatxou of either
object.

In contrast, an inelastic collision is one where there is
permanent deformation or when the ob)ects become
tangled up with each other.

F7  Solve problems related to culh:xans or zxplos:ans
involving:

® mass

A ball of mass 2.0kg travelling to the right at a

velocity of 6.0m/s impacts a heavier ball that is at

rest. The heavier ball moves to the right at'a velocity

of 1.5m/s and the lighter ball recoils at 2.0m/s. What .
is the mass of the heavier ball.

Initial " Final

my +myyy = mlv[ +myvy

(2.0kg)(6.0r/s) +(m, YO rifs)
=(2.0kg)(~2.0m/s)+ (m,)(t.5 mis)

12kgm/s= -4kg-m/s + 1.5m,m/s

16kgem/s= | .Sm/sm,
my=10.7 kg -

o initial velocity

Two particles travelling iri oppdsite directions collide
head on in an elastic collision. Find the initial
velocity of: partxcle A given that:

my=1.01u mz = 4.00g (u= Atomic mass unlts)
n=2 =3.8x10*m/s
m] =101k my =4.00u
o =1:6x10* mis v; =3.0x10* mg
My +myvy = mived myvy
(1.0L)v; + (4)(3.8x10*m/s)
= (1.01)(1.6x10*m/s) + @G- 0x10*mss)
101y, + 1.52¢10%=1.616x10* + 12.0x10?
1.01v, + £:52x10° =1.36160x10°
1.01v=—1.584x10*
v =—-1.5683x10*
=-1.57x10'm/s

. ® final velocity

A cue ball in a game of pool hits the 8 -ball directly in
a completely elastic collision. What is the final
velacity of the cue ball given:

Cue ball (my=0.200kg ~ 8-bali(m,) =0.200kg

=2m/s v, = 0m/s
=0.200kg my =0.200kg
=02m/s vy =1
my + r;lzvz =mv + v
(6-200kg)(2ms) + (0:200kg)(Ores)
= (0-200kg)(0.2m/s) +(O—200kg)( vé )
(2mls) = (0.2m/5) +( v}, )
L.8m/s = (v;)

* momentum,

A block of unknown size at rest is hit by another
block (m, = 2.0kg and v = 3.0m/s) ina completely
elastic collision. What momentum is imparted to the
unknown block if v{ = 0.5m/s?

My +myvy = mivi +myvy

(2.0kg)(3.0m/s) + 0 = (2.0kg)(0.5mvs) + m v,
6=1+m"w,

Skgrm/s =m" v,

G . Analyse conservatio bf momenturiin two _ * -
dimensions

" G2 Give examples of ituations involving

momentur and impulse

G3  Solve probleris for two objects involved in an oblique
collision or for a statiohary object exploding into no
more than three fragments; involving:
mass :
momentum
velocity
impulse

LI W'Y

If we consider a stone ncochetmg off a wall, we see
that the stone’s momentum is in fact a vector. The

" angle and speed at which the stone strikes the wall

determine the angle and speed at which it léave§ the
wall. The magnitude of an object’s momentum is -
determined by multiplying together its mass and
velocity. Momentum has the same direction as the
object’s velocity.

p =mv, where p is the object’s momentum (measured
inkg * m/s or N+ s), m is its mass and v is its
velocity.
Example: What is the momentum of a 1500 kg mass
traveling at 20 m/s to the West?
p=mv

= (1550kg)(20m/s)
p= 3.0x104k_g~m/s west.

A glass omament of mass 575 g sitting on a table is
subjected to a resonant frequency of 440 Hz. The
omament breaks into three pieces that travel -
horizontally actoss the ffictionless tabletop.
Fragment A has a mass.of 168 g and fragment B has
amass of 212 g. What is the maguitude of the.
momentum of the third piece of glass fragment C?

my=212¢g
vp=9.00 m's
Par=191kgem/s

: ;:M_ 252 kg-m/s

Since the ornament was stationary before it broke, its
momentum was zero. .

The momenta of three pieces after the break must add
to zero also.

B=mv

Plece A =2.52 kg~ m/s
Using the cosine law:

momentum of piece C = A2 +B2 —2ABcos60°

=Jes2?+qon? - 2(2 S2)(1.91)cos60°
=2.28kg /s

Or, using vector components:

[P = pC0S8, p, = psinf]
Par=[2.52kg-m/s, 0]

Py= [—-0.955kg-m/s, 1.65kg-m/s].
Por= [1.5Tkg /s, 1.65kg-mis]

momentum of piece C= v1.57% +1.65%

=228 kg mis

Momentum in a system is conserved as a vector
quantity during any interactions between two or more
objects.

4
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8. A 1500 kg car travelling at 25 m/s collides with a 2 500 kg van stopped at a traffic light. Asa _
result of the collision the two vehicles becomis entangled. With what initial speed will the
entangled mass move off, and is the collision elastic or inelastic?

' A Elastic
5. What is the minimum work done when a 65 kg student climbs an 8.0 m-high stairway in 12 5? .
' ' B. 9.4 m/s. Inelastic
A. 420 . -
B. 5207 C. 15 m/s Elastic
C. 51007 .
! X 15 Inelastic
D. 620071 b m/s

6. Which of the following is equal to impulse?

Energy 9
Momentum

Change in energy

Change in momentum

. Three objects travel as shown. .

CawEp

7. A L50x10° kg car travelling at 11.0 rﬁ/s collides with a wall as shown.

v=11.0 m/s

m=150x10" kg m=150x%10" kg

The car rebounds off the wall with a speed of 1.3 m/s. If the collision lasts for 1.7 s, what " What is the magnitude of the momentum of object R so that the combined masses remain
force does the wall apply to the car during the collision?

stationary after they collide?

A. 8.6x10°N A 19kg-m/s .
B. LIx10*N B. 30kg-m/s
C. L5x10*N C. 36kg-m/s
D. L8xI10*N D. 48kg-m/s
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6. A change in kinetic energy is equivalent to

A. work.

B. power.

C. impulse.

D. momentum,

7. A 16 kg object is dropped from a height of 25 m and strikes the

How much heat energy was produced during the fall?

A 0J

B. 13007
C. 26007
D. 3900J

8. A force is applied to an 8.0 kg object initially at rest. The magnitude of the net force varies

with distance as shown.

Foae (N} 99

ground with a speed of 18 m/s.

0 5 10

Distance (m)

What is the speed of the object after moving 15 m?

A 50m/s
B. 6.1m/s
C. 7Tlmfs
D. 8. 7m/s

15

. A'machine rated at 1 500 W lifts a 100 kg object 36 m vertically in 45 5. What is the efficiency

of this machine?
A. 0.053

B. 0.48

C. 0.52

D. 0.65

. Two cars collide head-on and come to a complete stop immediately after the collision.

Which of the following is correct?

A. is conserved is conserved
B. is conserved is not conserved
C. is not conserved ’ is conserved
D. is not conserved is not conserved

ST



AUGUST 2000
WORK, ENERCY ,POWER AND MOMENTUM

9. An object starts from rest and slides down a frictionless track as shown. It leaves the track
horizontally, striking the ground at a distance 4 as shown.

6. A child rolls a ball up a hill as shown. The same child then throws an identical ball up the hill.

Thrown Path

: be—d —»1
Rolled Path ' R R
osition The same object is now released from twice the height, 24. How far away will it land?
When both balls end up in the same location on the hill, which of the following correctly - A d
describes the potential energy change for each ball? B. \/2— d
C. 2d
A. Both balls have the same potential energy change. D. 44
B. There is no potential energy change for either ball.
C.
D.

The thrown ball has a greater potential energy change than the rolled ball.
The thrown ball has a smaller potential energy change than the rolled ball.

7. A 950 kg elevator ascends a vertical height of 410 m with an average speed of 9.1 m/s. What

average power must the lifting motor supply? -
A 8.6x10°W
B. 85x10*W
C. 4.2x10°W
D. 3.8x10°W

8. A 55.0 kg athlete steps offa iO. 0 m high platform and drops onto a trampoline. As the
trampoline stretches, it brings him to a stop 1.00 m above the ground.

90m g

1.0m

How much energy must have been momentarily stored in the trampoline when he came to rest?

A 0

B. 5397
C. 48507
D. 53901
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7. A crane lifts a 3 900 kg shipping container through a vertical height of 45 min 8.0s. Whatis
the minimum average power that the crane motor must supply?

A 2.7x10°' W
B. 7.7x10°W
C. 2.1x10°W
D. L7x10°W

8. Identify momentum and kinetic energy as scalar or vector quantities.’

A scalar scalar

PR B. scalar vector
' C. vector scalar

D. vector vector

9. A 1.0 kg cart moves to the right at 6.0 m/s and strikes a stationary 2.0 kg cart. After the

head-on collision, the 1.0 kg cart moves back to the left at 2.0 m/s and the 2.0 kg cart moves
to the right at 4.0 m/s. In this collision

only momentum is conserved.

only kinetic energy is conserved.

both momentum and kinetic energy are conserved, .
neither momentum nor kinetic energy is conserved.

Sowmp

- o e

10. A 12.0 kg shopping cart rolls due south at 1.50 m/s. After suﬂdng t.hé.bumper of a car, it.
travels at 0.80 m/s, 30°E of S. What is the magnitude of the change in momentum sustained

1L

by the shopping cart? :
A. 8.4kg-mfs

B. 9.7kg-m/s

C. 1llkg-mfs

D. 27kg-m/s

The graph below shows momentum, p, versus time, 1, for a spacecraft while it is firing its
rocket engines in space. :

P

What does the slope of this graph represent?

A
B

C.
D

the mass of the spacecraft

the velocity of the spacecraft
the net force on the spacecraft
the work done on the spacecraft

+C



TJUNE 2001

work ) GNG ke y) PoweR AN D MOHENTUM 10. A 0.40 kg ball rolls at 8.5 m/s towards a player. The player kicks the ball so that it then
: ' travels at 15.2 m/s in the opposite direction. What is the magnitude of the impulse that the

. . . ) _ o ball sustained?
-6. Inorder to use the joule as a unit of energy in an experiment, measuremeénts must be
converted to

A. 13N-s
A. cm,gands . . B. 2.7N-s
B. m,kgands ] C. 47N-s
C. cm,Nands D. 9.5N-s
D. m, g and min
7. Which of the following best represents the work done by an adult in ascending a typical flight
of stairs in a home?
A 10°)
B. 10'J
C. 10*1
D. 10°J
. 8. A 0.055 kg bullet was fired at 250 m/s into a block of wood as shiown in the diagrami below.
e— d —>{
Assuming an average force of 9 500 N brings the bullet to rest in the wood, what distance d did
the bullet penetrate the block?
A 14x10%m
B. 1.4x102m
C. 18x107'm
D. 3.6x107'm
9. An electric winch operates from a 120 V source at 3.5 A. The winch lifts a 360 kg object 2.5 m
vertically in 45 s. What is the efficiency of the winch?
A. 4.8%
B. 17%
C. 19%
D. 47%
~ N o
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6. Which of the following best represents efficiency?

oOowp

7. A wad of putty is throwfx'against a wall as shown. The wad of putty sticks against the wall.

Final time compared to initial time

Work output compared to work input

Final velocity compared to initial velocity
Momentum after compared to momentum before

Which of the following statements best applies the application of the law of conservation of

energy to this collision?

All energy has been lost.

Cowy

Kinetic energy is converted to heat.
Kinetic energy is converted to momentum.
Kinetic energy is converted to potential energy.

8. The graph below shows how the force applied to an object varies with distance.

10
F(N)
8

i

6

4

0

0 5

10

15 20

;

! L~

]

P

25 30 35
d (m)

What is the work done to move the object from 10 m to 30 m?

A, 40)
B. 80J
C. 120J
D. 2403J

9. A projectile is fired through a fixed block of wood. The diagr'ém shows the projectile above
point P just before it entets the block and again above point Q just after leaving the block.

R PR [

P

Which of the graphs best illustrates how

it takes to travel from P to Q?

i
B

A B

B. &

the kinetic energy of the projectile varies over the time

]
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6. A student records the force used to move ablock. The graph of his force and distance data is
/ shown below.

7.0

6.0

N

5.0

Force (N) 4.0
3.0

20

1.0

0

0

0.10 0.20 0.30 0.40
Distance (m)

‘What is the work done in moving the block from 0.050 m to 0.35 m?

A 0.687]
B. 0987
C. 133
D. 2.07J

7. Which are correct units for change in momentum?

A

B.

N-m
N-s
kg-

kg-

B gl

- 8. A 2.3 kg object moving due north at 17 m/s made contact with a barrier for 0.75 s, resulting in
" afinal velocity of 12 m/s due east. What was the impulse on the object?

v o w

MAGNITUDE OF IMPULSE DIRECTION OF IMPULSE
12N+ 35°Eof N
12N-s 35°Eof S
48 N-s 35°Eof N
48 N-s 35°Eof S

TuNe 2002 )
WopK , ENEReY ; Powea AND MOHENTUM

6. A 15kg cement-filled bucket is raised to a vertical height of 5.0 m in 4.2 5 by a motor drawing
373 W of power. What is the efficiency of this lifting system?

A. 48%
B. 47%

C. 51%

D. 84% ’

7. An object moving due east at 1S m/s collides with a wall. Asa result, the object moves due
west at 15 m/s. Which of the following best describes the collision?

A. elastic collision

B. inelastic collision

C. total momentum is increased -
D. total momentum is decreased

8. A 5.0 kg model vehicle travelling at 14 m/s experiences a rocket boost of 85 N (in the direction
of motion) for 20 s as shown on the graph.

857
3
[
[&]
S
w
G T T T T
0 10 20 30 40
Time (s)
What is the resulting speed?
A. 23m/s
B. 30m/s
C. 340 m/s
D. 350 m/s

9. A 4.0 kg object moving due east at 15 m/s collides with and sticks onto a 12 kg object moving
due south at 5.0 m/s. What is the resulting speed of the combined objects?

A, 53mys
B. 10m/s
C. 16m/s
D. 20m/s
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6. Which of the following best represents the work-energy theorem?

A W=AE
B. E =E,
C. W=F,xd
D. E,=Pxt

7. A 1500 kg car moving at 8.0 m/s comes to a stop in 16 m when its brakes are applied. The
speed of the car is now doubled to 16 m/s. Assuming the same braking force as before, how

far will the car travel before coming to a stop?

A. 16m
B. 32m
C. 64m
D. 130m

8. The momentum of a male Olympic sprinter is about

A. 10 kg-m/s

B. 100 kg-m/s
C. 1000 kg-m/s
D. 10000 kg-m/s

- A'rock is thrown straight up, Which of the follo

- What minimum force applied over a distance

- A 5.0 kg block initially travelling at 11 m/s moves up a 30°

TANUARY 2003 .
WORK , ENEREY PoWER AND MOMENTUM

6. Inwhich of thé following would a person do the least amount of work?

A. Lifting a 10 kg box a vertical height of 1.2 m.

B. Lifting a 10 kg box a vertical height of 1.2 m using a ramp.
C. Pushing a 10 kg box along a smooth floor a distance of 1.2 m.
D. Dragging a 10 kg box along a rough floor a distance of 1.2 m,

wing represents the kinetic energy versus time
graph of the rock while it is in the air?

A E, B. E,

-

of 35.0 m would be needed to accelerate a 925 kg
car from rest to 13.9 m/s 7

A. 367N

B. 2550N
C. 12900N
D. 89400N

incline as shown.

-,

A frictional force of 9.4 N acts on the block as it mov

es up the incline. What maximum
vertical height, 4, will the block reach?

A 45m
B. 52m
C. 62m
D. 6.7m

| €
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6. Power is

work done.

the change in energy.

the change in kinetic energy.
the rate of change in energy.

vowy

7. A motor using 1500 W takes 52 s to raise a 250'kg load vertically 24 m. What is the efficiency
of this motor?

17 % '
12 %
25 %
75 %

Cowp

8. A 1000 N force is applied to a block as shown. There is 3

_ 00 N of sliding friction as the block
moves 25 m along the surface. )

25m —>]

How much work was done by the applied force in moving this block?

A. 15x10%3
B. L8x10*J -
C. 20x10*J
D. 2.7x10*}

C\

)

¢

9: What is the work done by the brakes of a 1500 kg car as they slow the car from 25 m/s to
15 m/s over a distance of 80 m ?

v ow >

—2.6x10*J
-15x10*Jy
—3.0x10% J
—1.2x109 7

10. A 1200 kg truck travelling at 9.6 m/s due south runs into a 850 kg car travelling at 15 m/s due
west. The two vehicles stick together after they collide.

1200 kg

v=9.6 m/s
Car
X 1
v=15mfs 850 kg
With what speed does the combined mass move immediately after the collision?
A. 0.60m/s
B. 27mfs
C. 84m/s
D. 12m/fs
' i
AINE SSN A Sk Aaa SN S
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AVGUST 2003 8 BlockAofmasslSlk is travelling at 7.5 m/s d her it collides wi
\ ND MOHENTUM - 455 1 Xg s travelling at 7.5 m/s due east wheri it colli es with block B of mass
WOoR < ,ENERGY ) POWER AND N 9.0 kg travelling at 11 m/s dué west. Block B bounces back at 6.0 m/s.
. . Before
v o v=75m/fs (E)
. 5. A 6.0kg object is projected directly upward with an initial speed of 15 m/s. This object : —_— v=11m/s (W)
' experiences an average air resistance force of 24 N, What is the maximum height reached by I
this object?
A. 82m
B. llm After
C. 16m
D. 9m
6. Which of the following correctly identifies momentum and impulse as scalar or " With what speed and in what direction will block A move?
vector quantities? .
, [
MOMENTUM - IMPULSE SPEED DIRECTION
A. scalar scalar A 2.7 mfs East
B. scalar vector B. 2.7 mfs West
C. vector scalar & 4.5 m/s East
D. vector vector . D. 4.5 m/s West

9. An8.0 kg ball travelling at 6.3 m/s due east strikes a 2.4 kgball initially at rest. The collision

. isoblique, causing the 2.4 kg ball to travel at 4.5 m/fs at 51° south of east.
7. A 0.26 kg ball travelling due west at 22 m/s was hit by a bat and as a result the ball travelled

due east at 18 m/s. If the bat remained in contact with the ball for 0.13 s, what average force
did the bat exert on the ball?

v=6.3 mfs
e \\
A. 80N &
B. 80N U
C. 116N .
D.

8.0kg
310N

What speed will the 8.0 kg ball have after the collision?

A, 50m/s
B. 5.6m/s
C. 58m/s
D. 7.7m/fs

zt



TANUARY 2004
WORK  ENEREY ,POWER AND MOMENTUM

10. A 200 kg object moving at 15m/s due east collides with a 100 kg block moving at 15 m/s due
— : - north. The objects stick together following the collision. What is the speed of the 200 kg
; ) ; object immediately after the collision?
7. A 10 kg block initially at rest is pulled 13 m across a floor by a 50 N force.

A. 50m/s

B. llm/s

C. 15m/s

D. 2lm/s
If friction does 380 J of work over this distance, what is the block’s final velocity?
A. 73 mfs
B. 8.7mfs
C. llm/s 1. Outside the International Space Station, a 60 kg astronaut holding a 4.0 kg object (both initially
D. 14m/s

at rest) throws the object at 10 m/s relative to the space station. A 50 kg astronaut, initially at
rest, catches the object. What is the speed of separation of the two astronauts?

A, 0.67 m/s ,
B. 0.80m/s
8. A small rubber ball moving at high speed strikes a stationary cart. As a result of the collision, C. l4mfs
the rubber ball rebounds and the cart rolls forward. Which object experienced the greater D. L5mfs
magnitude of impulse?
Cart
z Rubber ball

Both experienced the same magnitude of impulse.
It depends on whether the collision was elastic or inelastic.

onwy»

9. An object experiences a varying force as shown in the following F-t graphs. Which graph
shows the largest change in momentum?

A F B.

¢ t
C. F D. .F
¢ t

\ Vo . 3,
. s /} )
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7. Which of the following is a graph of E, vs. time for a ball dropped off a roof?

(Ignore air friction.)

A.

8. A 2.0 kg wood block slides down an incline from rest as shown below. Determine the force of
friction on the block during the slide if its final velocity at the bottom is 10 m/s.

oOow>

E,

40N
67N
1IN
I7N

-~

- I

~

9.

10.

'\\

You are pushirig 2 crate across a smooth wood floor with a constant pushing force. The crate is
accelerating. Which of the following describes your power output?

A. increasing
B. decreasing
C. increasing then constant
D. decreasing then constant

A 25 kg object is moving due north at 33 m/s. Ifan impulse of 330 N -5 is applied at
45° N of W to this object, what is the final velocity of this object?

A 33 m/s 45° Nof W
B. 33m/s ) 78° N of W
C. 43 m/s 45° N of W
D. 43 m/s [ 78°Nof W

AT
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6. You drop an orange ball near the surface of the moon. Which of the following is true for the
ball as it falls? (The moon has no atmosphere.)

A. E,=conswant : . . : !

B =oonsn ' EQUILIBRIUM
C. E,+E,=constant ‘

D. E,-E,=constant ’ i

An 8.0 kg wood block s sliding along on a concrete floor at 15 m/s as shown below.

v=350m/s

8.0kg

After 12 m its speed has been reduced to 5.

0 m/s by friction. How much waork was done by
friction over the {2 m distance?

A. 10071
B. 800)J
C. 9007 P
D. 10007J ‘

8. An electric motor outputs 1500 W of power in pulling a 70 kg crate of fish up a very slippery
loading ramp at a constant speed. The ramp is inclined 31° to the horizontal. Determine the
speed of the crate. (Ignore friction.)

A. 19m/s
B. 2.1lm/s
C. 26m/s
D. 42m/fs

9. The graph below shows the force exerted b

y arope in lifting a 2.0 kg mass a vertical distance
of 10 m from the ground.

F(N) 5
30 4. -
20 Joe=mT -
10 : S
o , !
0 5 10 d(m)
What is the final speed of the box at 10 m?
A. 73mfs
B. 10m/s
C. 16m/s
D ?21imle



Equilibrium .

" t =0; E_-F, =0
Equilibrium IR =0; Eg-F,

HI ,D.eﬁr‘ne b-qnslational equilibrium 2F,=0: Fp-mg=0

Fyy = (12.0kg)(9.8m/s?) = 1 7.6N

:HZ Use free-body diagrams and vector analyse.r.lo
determine the sum of the forces acting at a single . " Pu(8.0m) - mg(3.0m) =0'
point on an object . ! A

ST F.(8.0m) ~ 117.6(3.0m) =0
H3 Solve problems for common objects in .

translational equilibrium Fu(8.0m) B 35.2."8N-m

* An object of mass m.is suspended from a ceiling and

the Awa[?. What'is the fension in each rope? 2;::1:4 N
Fy, ~1176N
Fy =v44.17 +117.6*
- =1.26x10°N :
294N An ;_b;ct of mass 30.kg is suspended from a ceiling

in30°+T cs30° =0 and the wall. What is the tension in each rope?
[3F, =-T,51n30°+7 cos30°= : v

'ZF, =T, c0s30°+T;sin30°~ 294N =0

=5 T, 5in30° = T} cos30°
T; =T, tan 30°
= T, c0s30° + T, tan30° = 294

' 3
B cos30°+ tan 30")294 30ke
T, =203.69N )
= T) =(203.69N)(tan 30°) ‘ 294N
=117.67N m=30kg

A10.0m ladder leans agaiost a wall 8.0m above the
ground. The ladder is uniform and has a mass of
12.0kg. Find the forces acting on the tadder by the
ground and the wall. (Assume the wall is frictionless
but the ground is not.)

Fy=(30 kg)(9.8 m/s?) =294 N
£F, =T; c0s30°~ T sin30° =0

"Therefore, T, sin30°= T} cos30°
mg =(12.0)(9.8ms?)

Fu =1176N f; - Tosindt”
cos 30!
. -1,8
¢ =sin l(ﬁ)=53.l° T, =T, tan30°
80m 2 | e L
tan53.l°=; l ZFy =T,c0s830°+7; sin30°~294N =0

Therefore, substituting for T,
T, c0s30° +T,tan30°sin30° = 294 N

x=6.0m

294
= ©0$30°+tan 30°sin 30°
T,=25461N
Recall that 7) = T, tan 30°

n

Ti = (254.61N)(tan 30°)

T,=147N

H4 Define toique and identify situ&iié{;s involving
the application of torqire .

HS Solve problems involvirig:
. torque
*  jforce
s léverarm

H6 Define centre of gravity and determine its
location for objects of uniform shape and density

H7 Define rotational equilibrium

H8 Determine the sum of the Jorces and the torques
. onan object ’

HY Define static e'quilibrium‘

HI0 Demonstrate that in static equilibrium, Gny
location can be chosen as the Dpivot point

H11 Solve problems for common objects in static
equilibrium . oo
Ifthe sum of all forces acting on an object is zero

(ZF =0 ), then an object experiences translational
equilibrium. Newton’s fitst law of motion states that
such an ohject will maintain a constant velocity. If
this object is initially at rest, we can also state that its
centre of gravity will not move (an object at rest
tends to remain at rest). However, an object may still
rotate, N : :

Consider the following:

Fy

In the diagram, a rod is resting on a pivot or fulerum
(P) placed at its centre of gravity. The centre of
gravity for any uniform extended object like this rod
will always be its midpoint. This point can be thought
of as the place where all of the rod’s weight seems to
be concentrated, The force exerted on the rod in this
diagram will tend to make the rod rotate. The degree
to which this rod will rotate is dependent on both the
force (F) and the distance (d) from the pivot point
(sometimes called the lever arm). The rotational .
effect of this force (which in this case would produce
a counter-clockwise Totation) is referred to as torque
and is represented by the Greek letter 7 (Tau). In-
equation form:

Fulerum (Pivot)

-

T=Fd (the units for force.are this N- m)

To bring the rod in the diagrim iato rotational
equilibrium, a clockwise torque is needed. This can
be produced as follows: : '

L*d—+-d'->,
- AT

F

Note that even though F + F’ the actual condition
for equilibrivm is that the two torques involved are
equal in magnitude. In other words Fif =Fd’.

It should also be noted that if the force F”is not
applied perpendicular] y to the xod, then ‘we must use
the perpendiculai.component of F”to calculate the
forque. © = . :

In this case, we need Fd = (F'sind)d’ to establish

- rotational equilibrium where angle @ is the angle

between the force # and the rod, - B
To establish rotational equilibrium, we need the .
following: Sum of clockwise torques = sum of -
counter-clockwise torques.

For an object to be in static equilibrium, both of the
following conditions must be met: :

1) F =0 —» translational equilibrium
2) 2¥=0- rotational equilibrium
Example:

r' Fx
e 0g5m————p g 025m -

[ °7='f°—>_ €00

~ 1 A

e -
Y,
m ) .
0204 . @
. 030k

For translational equilibrium,

Fp = combined weights of the rod and the two, balls,

Or, Fp =mg+Mg+myg

(Fy is the reaction force of the fulcrum on the rod)



Note that the weight of the rod can be thoﬁght ofas

" concentrated at the centre of gravity. This condition
is met automatically when the rod is resting on the
fulcrum and not accelerating up or down.

The following situation is slightly more complex:

supporting wire

.

beam

ey m=25kg

To find the parallel and perpendicular components of
the wall’s force on the beam ( Fzy and Fy ), we

would need to equate all the petpendicular
components and all the parallel components of all the
forces on the beam (translational equilibrum). .
However, if all we need is the tension (T) in the
supporting wire, we need only look 4t the rotational
equilibrivm condition (using the wall as the pivot
point): Sum of clockwise torques = sum of counter-
clockwise torques.

What:then is distance x such that rotational
equilibrium is achieved? : '

For this'to ocour, we need:

Sum of clockwise torques = sum of counter-
clockwise torques.

Note that the pivot pint for rotation can be any point
on the beam. In this cage though, it is most
convenient to select the fulcrum as the pivot point
since we will not need'to calculate F, (any force at
the selected pivot point will produce a zero torque
becaused = 0)

“Once we select the pivot point, the above equation
becomes:

myg(0.25m) = Mg(0.20m) + mg(x)
Solving for x, we getx = 0.50m
‘Which becomes:

= Mg(5in 65°)(1.2m) + my g (sin 65°)(2.4m) = T'(0.80m)
Solving for T we get: - o

T = 870N

Janvary s000
EQUILIRR UM

10.

11.

A force F is applied to a uniform horizontal beam as shown in the diagram below.

F

a N

|
I
: ¢ =

Which of the following is a correct expression for the torque on the beam about pivot point P
due to this force?

A. Fsin0-d
B. Fsin9-d/¢
C. FcosO-d
D. Fcos6-df¢

What is the magnitude of the sum of the two forces shown in the diagram below?

F =85N
150°
Fy=5TN
A. 46N
B. 102N
C. 137N
D. 142N

A uniform 1.5 kg beam hinged at one end supports a 0.50 kg block. The beam is held level
by a vertical 0.80 kg rod resting on a Newton scale at the other end,

0.60 m

1.5 kg beam

0.80 kg rod

Newton
scale

What is the reading on the scale?

A 8.6N
B. 9.IN
C. 16N
D. 27N
L]




o ¢ .

JUNE 2000
EQUILIBRIUM

11. A 450 N chandelier is supported by three cables as shown in the diagram.

12.

13. A crane is used to lift one end of a uniform 15 m long pipe with a mass of 730 kg as shown in
the diagram below.

I 15m >
What is the minimum force of tension in the crane cable to just lift the end of the pipe off
the ground?
: : A 3.7x10%N
2

What is the tension in the horizontal cable? . B. 4.8x 103 N
C. 3.6x10°N

A. 46N D. 7.2x10°N

B. 260N

C. 450N

D. 520N

A beam is to be kept horizontal by a cord. In which of the four situations shown below will the
tension in the cord be least?

o

€
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12, A metre stick, as seen from above, is sitting on a table and is then subjected to two forces of
equal magnitude as shown. In which case would the metre stick be in rotational equilibrium?

10. Which of the four problems shown requires the application of torque?

Whatiis the tension in the supporting cables? What is the friction force acting on the block?

‘13. A uniform 0.122 kg rod of 0.90 m length is used to suspend two masses as shown below.

0.122 kg Rod ——0.65 m———>}«—025 m-—»{
§ B

What is the acceleration of the puck? What force does the wall exert on the board?

I1. A traffic sign hangs from two cables as shown.
0.50 kg
At what distance x should the 0.20 kg mass be placed to achieve static equilibrium?
One Way A. 030m
— B. 0.50m
C. 0.63m i
If the tension in each cable is 220 N, what is the weight of the sign? . D. 075m ;
A. 130N
B. 250N
C. 360N
D. 440N

\& C ‘ C_ =+

. . )
/ aanm S [ [ [ — _—— ] —— ——— S Lt
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. 13. A 15 kg uniform beam 2.40 m long is suspended from a wall and a ceiling as shown.
11. A student uses a wrench to loosen a very tight nut in the position shown. :

A 77

beam

m =25 kg
‘What is the tensjon in the supporting wire?

A. 670N
B. 740N
C. 870N
D. 960N

12. A 35 kg traffic light is suspended by two wires as shown.

Left-hand wire

eoe)

w
W
&

What is the tension in the left-hand wire?

A. 84N
B. 410N
C. 820N
D. 1600N

|-+
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10. A beam holding two masses is in static equﬂibrium.

P
€

my
Compare the sum of the torqués about point P to the sum of the torques about point Q.

A. The sum of the torques is the same about both point P and point Q.

B. You need to know the mass.of the beam to compare the sum of the torques.

C. The sum of the torques about point P is less than the sum of the torques about point Q.

D. The sum of the torques about point P is greater than the sum of the torques about point Q.

11. In'the diagram below, the tension in each wire is shown.

What is the weight of the chandelier supported by these wires?

A. 300N

B. 510N ™ :

C. 560N )
D. 620N :

C

7
Sx‘

12. A hungry 8.0 kg raccoon walks out on a 2.0 kg, 2.2 m long uniform beam in an attempt
to reach a 1.3 kg food basket hanging at the end. A cord that can withstand 91 N is used

to support the beam at the end as shown.

What is the maximum distance, x, the raccoon can walk out onto the beam before the

cord breaks?
A, 1.8m
B. 19m
C. 20m
D. 22m

91N

72°

22m

I}

i

=
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9. A 0.50 kg mass is suspended as shown in the diagram.

10.

What is the tension in the horizontal string?

gowp

AS50m-

If the tension in the cord is 8.0 N, what is the weight of the beam? _

A,
B.
C.
D.

25N
2.8N
42N
49N

48 N
80N
9.6 N
I8N

long uniform beam is held in position by a cord as shown in the diagram.

C

1. A uniform 2.5 kg beam, pivoted at its right end, is held in a horizontal position by a cable as
shown in the diagram.

25 kg—5_+l A

e—>
0.10m
If the cable is attached 0.10 m to the left of the beam’s centre of gravity, how long is the beam?

034 m
0.60 m
12m
9.6m

o0wy

2
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10. A beam is suspended by cords from its ends as shown.

P

fe——.

If the tension in the right hand cord is T, what is the sum of the torques about point P?

A. ON-m
B. T
C. T2
p. L~

{

1

11." Two forces act on an object as shown in the diagram below.

What are the magnitude and direction of a third force needed to keep the object in equilibrium?

35N

12N

MAGNITUDE OF FORCE DIRECTION OF FORCE
A. 37N 19° below the horizontal
B. 37N 19° above the horizontal
C. 47N 19° below the horizontal
D. 47N 19° above the horizontal

What are the magnitude and direction of the torque about the base of the la

by the person?

v 0w p

MAGNHUDE OF TORQUE DIRECTION OF TORQUE
9.6x10° N-m clockwise
9.6x10* N-m counter-clockwise
1.9x10° N-m éldckwise
1.9x10° N-m counter-clockwise

12. A 65 kg personis 4 of the way up the 4.0 m ladder as shown in the diagram below.

dder at P produced
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" 9. In which of the followin

point

P?

g situations does force F produce a counter-

A. B. C.
F
F F
P ' P P

10. Anobject is suspended by cords as shown in the diagram below.

clockwise torque about

D.

If the teasion in two of the cords is 250 N, what is the weight of the object?

A
B.
C.
D.

160N
320N
380N
500 N

F

11.

As shown in the diagram below, a horizontally applied force of 5.0 N is required to hold a fish
at the end of a uniform 0.20 kg fishing rod.

m=0.20kg

What is the weight of the fish?

A. 0.84N
B. 12N
C. 22N
D. 32N

-
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10. Which of the following are comect units for torque?

A.

oow

11. The diagram below shows a force F applied in several different directions at the point P on a

hinged beam. In which direction will the force produce the smallest torque about the hinge?

N/m
N/kg
N-s

N-m

11. Ifthe only forces acting on the object shown below are equal in magnitude, which of the

following is not pessible?

vawp

Cowp
AW -

The object is at rest.

The object is accelerating to the left.

The object is moving with constant velocity to the right.

The object is moving with constant velocity towards the top of the page»

12. Two forces are acting at a single point on an object. Force 1 has a xﬁagnitudc of 8000 N and is
directed due W. Force 2 has a magnitude of 6000 N and is directed at 40° N of E.

K
/gooo N

T40°

£ I

8000 N

Determine the magnitude of the third force which must act at the same point so that the object
will be in translational equilibrium.

A. 2000 N
B. 3400N
C. 5100N
D. 6200N

C C . o

R
am— —— a— —— s —— A ——— a— [ am_— [ B ] [ ] [ ] ] [ e
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13. A40kgnon

-uniform bearn (centre of mass CM) is supported by two cables,

Cowy

(Diagram not to scale.)
What is the tension in the left hand cable?

.

A. 170N
B. 260N
C. 370N
D. 560N

UOwpe

‘ CRUILIBRIUM

10. A physics exam booklet lying on a table in front of Yyou is in translational equilibrium because

there are no forces acting on it.

the forces acting on it are balanced.

the force due to gravity is holding it down.
surface friction is preveating it from sliding.

11, Determine the sum of the torques about the point P for the two forces shown below acting on a
very light wooden beam. (Ignore its weight.) ’

ION-m
17N m
35N-m
85N-m

12. The 0.10 kg metre stick shown below is held up by the perpendicular force F. The bottom of
the metre stick is on the verge of sliding to the right.

F

Determine the size of the friction force being provided by the floor,

A.

B.
C.
D

0.12N
021 N
025N

. 049N
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12. Which of these is an acceptable definition of rotational equilibrium?

A. Zr=0

B. Zv=0

C. IF=ZX7
D. ZF = IF,

13.

rope

-
G

If the mass of the boom is 12 kg, what is the tension in the supporting rope?

300N
380N
470N
560 N

caowy»

4. A uniform 16 m long plank weighing
walks along the plank to the right.

A 25 kg mass is suspended from the end of 2 5.0 m long uniform boom.

T

350 N rests on supports 8.0 m apart. An 850 N man

How far past point B can the man walk before the plank tips?

A. 0.82m
B. 1.6m
C. 25m
D. 33m

C

TUNE 2004
EQUILIBRIUM,

12. A 5.0 kg mass suspended by a rope is pulled to the left by a horizontal force of 18 N.

What is angle 6 ?

A 16°
B. 20°
C. 70°
D. 74°

13. A uniform 2.0 m long beam is to be kept horizontal by a cord. In whic.h of? the four situations
’ shown below will the tension in the cord be onc-half of the beam’s weight?




AVGUST 2004
FRUILIBRIUM

10.  In which direction should a force act on the boom so that it creates a minimum torque

1.

about the hinge?

vaw»

N

ATl

e

A 5.0 kg mass is suspended by a rope. A horizontally directed force F is applied to the mass.

a

What magnitude of force is needed to produce an angle of € = 65°7

Al
B.
C.
D.

21N
23N
44N
110N

12.

An 840 N painter stands on a 7.0 m board o
two step-ladders as shown.

f negligible weight. The board is suppoited by

te— 3.0 m——»

What is the force exerted on the board by the left step-ladder?

A.

B.
C.
D

360N
420N
630N
840N



Outcomes

Itis expected that students will demonstrate an ablhty to describe and apply the concepts of uniform
| circular motion to real-world situations.

I g— R M O ! I I ON - | It is expected that students will: ) i )
. L. describe the velocity of an oby:ct maving in umfurm circular motion at any pomt in that motion

2. d trate that the sceeleration of an object miay result ina change in direction with no change 4
in speed :

-

I3. define cenﬁip'etal aqqeler[\tion :itid t'zentripetal force
14. solve problems involving:

. 3 . ‘centrlpetaiforce
- * " speed -

«  radius of té{otution
¢ period of revolution

¢ object's mass .

IS. analyse and deséribe the forces actmg on common objeots in circular motmn ’ . 1 1i . W -
J1. state Newton's faw of universal gravithtion ’ : 12, 13, 14,15 -~
GRAVI TATI ON J2. apply Newton's law of universal grawtatmn to solve problems mvolvmg
. « force )
. mass
— ¢ distance of separation
J3. describe the gravitational field of a body i in terms of an mvérse square relationship
J4. indicate that the work required to move an object ina ngll‘athDﬂl field is given by the area 16~
below a graph of gravitational force versus distance of separation
J5. define gravitational potential energy Ry
. . J6. solve problems involving: . - 18
C lrcular motlon *  gravitational potential energy relative to zero at infinity
: R e mass

*  distance of separation

J7. caleulate the work required to change the separation distance between objects 19
Gr aVi t a ti On . . , J8. analyse and describe orbiting systems in terms of universal gravitational and centripetal forces
J9. olve problems involving orbiting systems . 20,21
1 Fo. calculate the total energy of an orbiting object ’ . 22
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Circular Motion and _Gravitation

. Circutar Motion. ..
{1 Describe the velocity of an object moving in.

uniform circular motion at any point in that
.+ mation. ’

Nevrton’s First Law, an object.in motion stays in
motion uriless acted upon by an outside force,
demonstrates.an object’s tendency'to continue
moving in 2 défined way. In circular motion, the

- direction is continuously changing: Therefore, -
acceleration’ must continuously be pulling the object
toward the centre. We, can describe the velacity of an
object at any point in its rotation by: '

_ R A o

a, ¥

. I2 D, ate that the leration of an object -
~may result in.a'change in divection-with no
change'in speed,:- - -

Since an Sbject fends to stay at the same speed and
direction unless-acted upon by an otitside force, any
deviation in these two properties results-from
acceleration. Since F= ma, where mass is constant,

" for an object moving in a circular path, the direction .
must constantly be changing toward the centre, Bven -
if the velocity magnitude’is coustant, the direction is -

not. We therefore have a constant acceleration to
maintain a'circular path. =~ -

I3 Define centripetal acceleration and centripetal
JSorce. - ’

I4  Solve problems involving:

*  centripetal force

*  speed .

*  radius of revolution
¢ period of revolution
*  object's mass

IS Analyse and describe the forces acting on
comman objects in circular motion

2 N .
: v . :
The formula F=m— | where F is force, m is mass,
, .

v is velocity and r is radius, can be used to solve for
any of the above unknowns except period of
revolution. The time that-it takes for an object to
complete one complete circular revolution is called
the period. Centripetal force pulls an object toward
the ceatre of a uniform circular path. The path of an

" object in circular motion is thus changing at a
continuous rate which results from a continuous
force. This contintious acceleration is called-
centripetal acceleration.

Example: Find.the centripetal force required to keep-.

2 1000kg car moving i a uniform circle of radius-

50m:-at a speed of 50km/h.
Converting kinvh to mi/s we get:
50k, 1000m. 14
S0km/h = () (—— (e
e gy

5 -
F=m¥. )

r

2
= (1000kg) (13.9m/s)*
50m

=3.86x10°N -

Example: The. centripetal force required to keep a
400kg motorbike moving in & uniform cireular path
of radius 75m is 4000N. What is the speed of the
motorbike in ken/h?

F=m—
,
2
4000N =(400kg)( )
75m
Ve 7500 0
v=274m/s =

_ 27456 36004  tim
(‘11 )(——Ih. )(—‘1000,“{)
=98.6km/h -

Example: Find the period of revolution of a
motorbike moving in a circular path of radius 75m at
98.6 km/h.
vz 27 orT = 27"
T v

_ @m)(75m)

27.4m/s .
=17.2s for one revolution,

An object in motion will tend toward a straight line
motion. In order for the object to change direction, an
outside force must be applied. The outside force
applied to pull the object toward the centre of a-
circular path causes the object to accelerate. We must
not assume that there is a force pulling the object
away from this circular path. Rather, the object’s
momentum is the quantity over which centripetal
force must act in order to maintain the circular path.

.Fg___

Gravitation

JI State Newton's law of univérsal :g;r'i;v;"tatiqn

J2 Ajzply Newton's law of universal gravitation to
solve problems involving: .

e force
* mass
¢ distance of separation

J3  Describe the gravitational field of abody in
terms of an inverse square relationship,

. Bvery particle in the universe attracts every other

particle with a force proportional io the product of

" their masses and inversely proportional to the square

of the distance between them. This force acts along
the line that connects the two particles. o

A gravitational field exists for every body that has
mass. An object attracts another by means of the _
gravitational field responsible for the gravitational

force ou the object. The gravitational field strength is
. force per unit mass. It varies according to the inverse

square of the distance away from the body.
Foc -17 , where r = distance,
R d

Given two objects, m, = 50kg and 1, = 75kg, ata
distance 50cm apart, find the ‘gravitational force
between them.

Gmym,

rz ’
= (6:67x10™ Nem® /kg?)(50kg)(75kg)
(0.5my?

G =6.67x107"" Nom? /kg?

=1.0x10¢N
What is the apparent weight of a 80kg astronaut

orbiting at a constant velocity, 4700km above Earth’s

surface?

(Barth’s mass, Mg, Is 5.98x10% kg, gravity G is
6.67x107H N-m?/kg?, and Earths radius g is
6380km.)

Gmym,

F =
£ ’_2

(667107 ' Nern®/kg?)(80kg)(5.98 10%kcg)
(6380x10° m+4700x 10* m)?

_ 3.1909x10'
2.8494x 10"

~

o objet ar separated by a distainp dand b .
attractive force between them is 1.0X105 N . If i
my = 100kg and ngy < 50kg; what is f?

. Gmm, "
Fo=—"12
& : rZ - . .
LOXI0=N = (6.67$<1__0‘“N-m2'/kg2 Y(i00kg)(50kg) -
’ da . P i
a- [(6.67x107 Nem? 7)1 00kg)(50kg) °
. L.0x10N)2. .

=1.83x10"'m
=18.3cm

J4  Indicate that the work requiréd to move an
object in a gravitational field is given by the’
ared below a graph of gravitatiorial force versus
distance of separation.

J5  Define gravitational potential er;ergy.

The following graph shows the relationship between
force and distance in Newton’s Law of Universal
Gravitation: - : T

X y r

Since the area under a “force vs distance” graph
always gives us the work done, the ares of the shaded
region in such a graph will equal the amount of work
needed to move two masses m; and m; that are
distance x apart to distance y apart. The work needed
to move these masses an infinite distance apart can be
calculated by summing the entire area under the
curve in this graph. Advanced mathematical
techniques (pot part of this course) show us that the
work done to move two tasses from a distance”

r — oo is given by:

W= Grmym,

r

When two masses are essentially infinitely apart,
their gravitational potential energy with respect to
each other is zero. Since it takes positive work-t¢”
move them apart, they must start out at a distance r
apart with negative energy. Thus the gravitational
patential energy of fwo 'masscs_ m; and mythatare a -
distance r apart is: -

o



Graphically, this is shown in the following:

J6.* Solve problems involving: .
" & gravitational potential energy relative to
. Zero at.infinity . .
*  mass o
*  distance of separation

J7  Caleulate the work required to c)_tange the
separation distance between objects.

The total mechanical energy (K, + E,;) ofa sa.tclli-gc
orbiting Earth can be caloulated with: ’

where r s the distance from the satellite to the centre

of the Earth. It should be noted that this potential
energy formula does not work if the orbiting object
penetrates the'surface of earth. : )

J8  Analyse and describe orbiting systems'in terms

of universal gravitational-and centripetal forces.

J9 - Solve problems involving orbiting systems.
J10 Calculate the total energy of an orbiting object.
The speed of a satellite in stable orbit is given by:
G . . o
Vo=, ’—% (obtained by equating F; = F,)

The total energy of the satellite becomes:

B L (G,
Sy
or Ep= Gy
: 2r

Note that this energy is always negative. The kinetic
energy cbtained by a satellite falling straight to earth’
from a high aftitude (ignoring air resistance) can be

calculated using energy principles.

TANUARY 3000
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B =XE,

Gmm, - 1 : (—Gm,m,).
— BTN Bkl 24
. 7 3 mMgVy 7

where.r, is the initial distance from the cenfre of the 13.

earth and ryis the final distance from the centre of the
earth. This can be tewritten as: :

M o E
ABg =Gmm (—-—) : R
reon . .

Tocalculate the work required-to push the atellite. -
back to-ite original altitude, we can'use: - - i
W=AEP=EB"'EP1 . o

which gives us the same result as above since it
involves the same energy difference.

Escape velocity-is defined as the speed required to
take a rocket or satellite away from an object such as
Earth so that it does not get pulled back by gravity.
Once an object escapes Earth’s gravitational pul, it
will find itself eventually an infinite distance away
from Earth with zero energy left.

E,+E,=0

Gmm_ 1 Py L :
or —.%+Em,v ese =0 —

Solving, we get 14.

2G
Voo = 4 e.

r

where r is the original distance from the centre of the
earth. : .

A ball attached to a string is swung in a horizontal circle.

View from Above
- ‘~\\\
IV N
. AY
\
V4 1
Jve Y
\ ’
\ s
N 4
~ e

Se--7

Which path will the ball follow at the instant the string breaks?

Al
B. II
C. Il
D. IV

A test tube rotates in a centrifuge with a period of 1.20x 107 s. The bottom of the test tube
travels in a circular path of radius 0.150 m.

Side View Top View
V' T
7z N
’ A
’ AY
1 AY
1 1
: «—0.150m->l'
\ U
\ ?
7’
N P
Y 4

What is the centripetal force exerted ona 2.00 x 10™® kg amoeba at the bottom of the tube?

A 9.86x107° N
B. 2.08x107° N : ) -
C. 8.22x107l N
D. 4.11x10°N



17. Sputnik I, Earth’s first artificial satellite, had an orbital period of 5 760 5. What was the
average orbital radius of Spumnik’s orbit?
A, 6.38%x10°m
B. 6.95x10°m
C. 8.24x10°m
D. 3.84x10°m

18. A 620 kg satellite orbits the earth where the acceleration due to gravity is 0.233 m/s?. What is
the kinetic energy of this orbiting satellite?

: A -5.98%10°J
What is the minimum speed, v, at the top of the circle if the water is not to spill from the pail?

B. -2.99x10°J
A 3.6m C. 2.99%10°J
. 3.6m/s 5
D. 5.98x10°J
B. 6.1m/s %
C. 8.0m/s
D. 9.8m/s

16. Which of the following is a comrect graph for gravitational field strength, g, versus the e
distance, d? -

£S5
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14. In a popular amusement park ride, a large cylinder is set in rotation. The

floor then drops away
leaving the riders suspended against the wall in a vertical position as sho

WIL.

Rotating cylinder

Which of the following is the correct free-body diagram for the person at the position shown?

15. A 0.500 kg ball is swung in a horizontal circle of radius 1.20 m with a period of 1.25 5.
What is the centripetal force on the ball?

A. 0.384 N
B. 152N
C. 189N
D. 30.3N

16. A rock drops from a ve

ty high altitude towards the surface of the moon. Which of the
following is correct ab.

out the changes that occur in the rock’s mass and weight?

A, decreases decreases
B. decreases increases
C. remains constant decreases
D. remains constant increases

17. Cavendish’

s historic experiment is set up as shown to determine the force between two
identical sef

ts of masses. What would be the net force of attraction between one set of masses?

LIx10% N
L9x108 N
2.2x10¢ N
3.7x1078 N

Cowy
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12. A car travels at 2 uniform speed through a level circular curve in the road. Which of the following

13. An object is attached to 2 string that can withstand a

correctly describes the magnitude of the acceleration, velocity and force acting on the car?

A, constant constant’ constant
B. constant changing changing
C. constant changing constant
D. changing changing changing ‘[

! maximum tension force of 6.3 N, The
object travels in a circular path of radius 0.40 m with a period of 2.1s.

What is the maximum mass of the object?

A. 0.57kg
B. 0.64 kg
C. 18kg
D. 3.6kg

p with 2 700 m radius, The plane reaches a
the upward force on the pilot at the

A. 640N

B. 3500N
C. 4100N
D. 4700N

15. Which of the indicated areas of the graph represent the work needed to send an object from

16.

17.

separation distance r to infinity?

Gravitational

A A +4,
B. 4,
C. 4,+4,
D. 4

A satellite experiences a gravitational force of 228 N at an altitude of 4.0x107 m above Earth.

What is the mass of this satellite?

A. 23kg
B. 650kg
C. 910kg
D. 1200kg

A 1 570 kg satellite orbits a planet in a circle of radius 5.94 x 10° m. Relative to zero at infinity
the gravitational potential energy of this satellite is —9.32 x 10" J. What is the mass of the planet?

A, 5.29x10% kg
B. 8.31x10% kg
C. 3.14x10* kg
D. 4.93x10* kg

SS
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ClRCULAR MOTION AND GAVITAT(ON

. i N 18. The equatibc)n E, =mgh, in which g is 9.8 m/s?, can not be used for calculating the
15. Which vector diagram best represents the acceleration, @, and force, F |, for an object

: T gravitational potential energy of an orbiting Earth satellite because
. travelling along a circular path? .
’ A. the Earth is rotating.
i object B. of the influence of other astronomical bodies.
- C. the Earth’s gravity disappears above the atmosphere.
.- } D. the Earth’s gravitational field strength varies with distance.

. suspended by a piece of string of length 1.9 m. What is the centripetal force on the mass?
F

A. e B. F C. a D PN\ o | y )
v e 2 > a > 19. The diagram shows an object of mass 3.0 kg travelling in a circular path of radius 1.2 m while
; . P A
v \@ a7 \F :

16. An object travels along a circular path with a'constant speed v when a force F acts on it. How
large a force is required for this object to travel along the same path at twice the speed (2v)?

A IF
B. F
C. 2F —_— ‘
D. 4F — ' A I9N
17. The diagram shows a 52 kg child riding on a Ferris wheel of radius 12 m and period 18 s. g %Z g
What force (normal force) does. the seat exer.'t on the child at the top and bottom of the ride? D: 29N

Top BOTTOM
A. 76N ‘ 76N
B. 430N 590N
C. 510N 510N
D. 590N 430N

' . J
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ClecULAL HOTION AND éeAVfTAﬂo_A/

14. A car travels at 25 m/s along a horizontal curve

15.

16.

of friction is necessary between its tires and the road in order for the car not to skid?
A. 0.14

B. 0.54
C. 072
D. 14

In a series of test runs, a car travels around the same circular track at different velocities.

Which graph best shows the relationship between its centripetal acceleration, a,., and its
velocity, v?

A qg, B. a

<

<
<

-
<

Tarzan, of mass 85 kg, holds on to a horizontal vine of length 8.0 m and jumps off a cliff.
What is the tension force in the vine as Tarzan passes the lowest point of his circular path?

A. 830N

B. 1700N
C. 2500N
D. 6700N

of radius 450 m. What minimum coefficient

17.

18.

‘Which graph sho%vs gravitatiox.\al potential energy plotted as a function of distance r from the
centre of the earth?

A E, —/ B. E, F
- ;

~

How much work must be done to lift 2 4.00 x 10* kg object from Earth’s surface to a height of
3.00x10° m?

A L12x10'J
B. L18x10'7J
C. 2.39x10%
D. 532x10"7J

U7
_id
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15. A frictionless 3.0 kg cart rolls down an incline, and then “loops the loop.”.

! Diagram not to scale.

120m

13. The diagram shows a student “twirling” a car key in a cifcular path on the end of a string.

From what minimum height, 4, should the cart be released so that it does not fall off the

circular track?
A 120m
B. 150m
. C. 180m
If the string snaps at B, which path will the keys follow? D. 240m
AW
B. X - . . . . 0] -
c. Y : 16. Which graph best shows how the gravitational field strength, g, varies with the distance, r, from
D. Z - the centre of a planet? { r, is the radius of the planet.)
A & ; B..g i
‘ ‘
1 1
] 1
’ 1
1 i
1 )
1
14, An athlete runs, at a constant speed, around a circle of radius 5.0 m in 12's. What are the. | : 1 !
athlete’s speed and acceleration? . r, r r, r
SPEED MAGNITUDE OF ACCELERATION .
] g C. D.
A. 0.42 m/s : 0.22 mys? . g :
B 1}
B. 0.42 m/s 1.4 mys? !
1
C. 2.6 m/fs 0.22 m/s? !
. 1
2 -
D. 2.6 m/fs 1.4 m/s !
-— .
r, ¥
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— 17. A satellite is in a stable circular orbit around the earth. Another satellite in a stable circular
N orbit at a greater altitude must have

18.

vawy

a smaller speed and a shorter period.
a smaller speed and a longer period.
a greater speed and a shorter period.
a greater speed and a longer period.

‘Which of the followmg could reprcsent the k.metlc energy, the gravitational potential energy
and the total energy for an orbiting satellite in a stable circular orbit?

KINETIC ENERGY GRAVITATIONAL POTENTIAL ENERGY TOTAL ENERGY
A. 400007  -800007 ' ~40 000 J
B. 400007 400007 80000 J
c. 80000 400003 120 000 7
D. 80000 J ~40000J 400007

TANUARY 9008
CIRCULAR HOTION AND GQAVITATIOI\/

12. Which of the following best describes uniform circular motion?

} SPEED . VELOCITY ACCELERATION
A. constant constant A . constant ‘
B. constant constant changing
C. constant changing changing
b. changing changing : changing

13.  As a simple pendulum swings from one side to the other, the tension in the supporting thread is
best represented by which graph?

29



14.  An aircraft flies in a vertical circular path of radius 2000 m. At the top of this path the 71 kg j U I\/ E 200 2
pilot feels lighter and experiences a 200 N upward force from the seat. ) C 10CULAR M OTIO N AND GIAVITAT 0 Y

13. A car is moving at a constant speed around a circular curve. Which of the following best
describes this situation? .

What is the speed of the aircraft?

A. T5m/s
B. 120 m/s
C. 140 m/s
D. 160 m/s
15.  As an object moves from x to y, the shaded area below the graph of gravitational force versus VELOCITY 0i= CAR ACCELERATION OF CAR NET FORCE ON CAR

distance of separation represents

A /7 / N
F, B / N\ N
c 7 N N
D N N\ N
A. the gain in kinetic energy. . 14. Which of tfl_*lc fol;;)“;)ing t:est illtt:st?rates how the gravitational field strength of a body varies with
B. the energy released into space. distance r from the body’s centre?
C. the work required to move the object. } A g B. g
D. the average force required to move the object. :
16. A 75 kg astronaut stands on the surface of a planetoid with a mass of 5.8 x 10%! kg and. a r r

radius of 7.3x 10> m. What is the gravitational field strength at the surface?

A. 0.73N/kg

: ) D.
B. ‘1.6 N/kg . C 8
C. 9.8N/kg _ , .
D. 54 N/kg ’
r ) "

17. What minimum energy is required to raise 2 1.7 x 10° kg vehicle from the surface of the Moon
to a height of 5,22 x 10% m? '

A 16x10°]
B. 3.6x10°7J
C. 48x10°7J
D. 1.4x10°7

L G (N GLEN )



15. Which of the following graphs has a slope equal to the gravitational constant, G?

A. F‘ : B. F

16.

C.

mm, '"1.’"2
r
F ‘ : : D. F
E 2
mymy r
P

What is the gravitational force exerted on a 63 kg student by her 1400 kg car when their centres
are 7.0 m apart?

A

A. 8.6x10"'N
B. L9x10°N
C. L2x107N
D. 1.8x10°N
satellite orbits the earth with a speed of 7.3 x 10® m/s. What is the distance from the centre
of the earth to this satellite?
A. 2.3x10°m
B. 3.8x10°m
C. 7.5x10°m
D. 13x10'm

18. Atan altitude of 1.3 x 107 m above the surface of the earth an incon;ing meteor of mass
1.0 % 105 kg has a speed of 6.5x10° m/s. What would be the speed just before impact with
the surface of the earth? Ignore air resistance.

A.

B.
C.
D

9.1x10° m/s
1.0x10* m/s
L1x10* m/s
1.7x10* m/s

AveusT 2002 !
CIRCULAR MOTION, AND G2AVITATION

12. When an object moving in a horizontal circlé breaks free at point P, it will follow which paﬁl?

Viewed froh above

vowp
PRI,

13. A vehicle and driver travel at constant speed over the hill as shown.

Which of the following free body diagrams best describes the vehicle at this position?

A. B. 4 F, C. {5 D.
Fy - '

Fy

19



14, What is the maximum speed a car can travel along a level citcular path (as shown below) if the

coefficient of friction is 0.86?

15. A 0.20 kg object moves at a constant speed in a horizontal circular path as shown.

oo

Overhead View

ry

4.1m/s

8.0 m/s

25 m/s

Depends on the mass of the car

What is the speed of this object?

A.

B.
C.
D

2.3 m/s
3.2 m/fs
3.4 m/s
4.4 m/s

150 m

16. A 2.0x10° kg satellite is in a circular orbit around the earth. The satellite has a speed of
3.6x10° m/s at an orbital radius of 3.1x 107 m. What is the total energy. of this orbiting

satellite?

A -2.6x10" )" .
B. -1.3x10°7J , :
C. 13x10°7J

D. 3.9x10%7J

17. Whatis the change in gravitational potential energy as a 3500 kg object is raised vertically
froin the surface of the earth to a height of 8.2 x10° m?

A.

B.
C.
D

5.5x107J

2.5x10%§

2.8x10 7
1L.9x10' ¥




TANVARY 2003
ClRCULAR MOTION AND GRAV(TAT/ON

12.

13. A 0.090 m diameter computer floppy disk spins at a constant speed of 1.40 m/s measured at

14.

A ball moves at a constant speed in a vertical circle when the string breaks at the
position shown.

ground

The ball would then move along which of the indicated paths?

Cnwpy
w oo o

its rim. What is the centripetal acceleration at the rim of this floppy disk?

A. 16 m/s’
B. 22m/s’
C. 3lm/s’
D. 44 m/sz

A 960 kg car is travelling on a 65 m radius horizontal circular track. The coefficient of friction

between the tires and the track surface is Q§7 What is the minimum time for the car to
complete one fap of the track? -

A. 0.69s
B. 12s
C. 2ls
D. 67s

15. A satellite is brought from & higher circular dtb

17. A3500kg piece of space debris is brought from an altitude of 2.1x10° m

it to a lower circular orbit around the earth.
Which of the following describes what has happened to the satellite’s period?

The satellite’s period decreased.

The satellite’s period increased.

The satellite’s period did not change. .

You cannot determine this without more information.

COow>

. A 2500 kg satellite is placed into a circular orbit at aq altitude of 1.2 x10° m above the earth’s

surface. What is the period of this satellite?

A, 13s
B. 700s
C. 5100s
D. 5200s

Ay

back to the earth’s
surface. What is the change in potential energy of this space debris?

A, -70x10°J
B. -72x10°J
C. -2.1x10'y
D. -—22x10"y

{11
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ClRCULAR MOTION AND GLAVITATION

14.

15.

17.

A car is travelling in uniform circular motion. Which of the following correctly describes the

speed, velocity and acceleration of the car?

SPEED VELOCITY ACCELERATION
A, Constant Constant Constant
B. Constant Changing Changing
C. Changing Constant Constant
D. Changing Changing Chapging ﬁ_‘

A 45 kg child stands on the rim of a merry-go-round of radius 2.3 m.
5 rotations in 72 s. What is the centripetal force acting on the child?

A. 044N !
B. 079N
C. 20N

D. 280N

The child completes

Which of the. following represents the graph of gravitational field strength & as a function of the

distance d from the centre of a planet?

A g B. g

d

d

Which of the following best represents the gravitational force of attraction between two people

one metre apart?
A, 10N
B. 10N
C. 10'N
D. 102N

AVGUST 2003
CleCULAR MOTION AND GRAVITATION

13.

14,

15.

Which of the following correctly shows the velocity vector, v, for an object in uniform
circular motion? ’

S5O

An airplane is flying in a horizontal circle at a speed of 86 m/s. The 72 kg pilot does not
want his centripetal acceleration to exceed 68.6m/ s”. What is the minimum radius of the
circular path? -

A. 90m
B. 110 m
C. 750 m
D. 7700 m

A roller coaster car is moving past the top of a loop of diameter 14 m as shown belo.w.
The normal force (directed downwards) provided by the track at the top of the loop is equal to
one-half the weight of the car.

v="?

What is the speed of the coaster car at this point?

A. 59mfs
B. 83m/s
C. 10m/s
D. l4mfs

| | . &
AN EE @ BN AR am R s
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CIRCULAR HOTION AND GRAVITATION

16. The earth pulls an apple towards its centre with a force of 4.9 N.” Which of the following

18.

is correct?

A. The apple attracts the earth with a force of 4.9 N. .

B. The apple does not exert an attractive force on the earth. 15. When an object is in uniform circular motion
C. The apple attracts the earth with a force that is less than 4.9 N. . i
D. The apple attracts the earth with a force that is more than 4.9 N. ) A its speed is constant.

A 2500 kg space probe is sitting on the surface of an asteroid of mass 4.8x10" kg. The
asteroid has a radius of 3.5x10" m. What is the force of attraction between the space probe

B. its velocity is constant.
C. its acceleration is constant.
D. the net force on the object is constant.

and the asteroid? ’

A. 26x10°N 16. A toy airplane, suspended by a light thread, is moving in a circular path at a constant speed
B. ‘6.5x107 N as shown.

C. 9.IXI0"'N

D. 23xI10°N

A satellite circling the earth completes each orbitin 5.10x10° s. What is the gravitational field
strength at the location of the satellite’s orbit?

A.

B
C.
D

3.08 m/s’
9.68 m/s’ —
9.72 m/s*
9.80 m/s’

Which of the following is the correct free body diagram for the toy airplane?

A.

B. oA ol L D.
— F‘{
[
F F, :

S9
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17. grtiOSnkgﬁzaz:;a;ﬁgggdﬁl;lill/ls?onaclrcular}ullofradlus 210 m. What is the normal ' . Cl QCULAR MOTIOU AND @(ZAVI'TAT(OIU

14. A 5.0x10* kg moonlet travels in a circular path around a planet. The moonlet’s orbital radius
is 2.5x 10" m and the orbital period is 3.7x10% s. What is the mass of the planet?

A LIx10° kg
B. 6.8x10% kg
, , C. 34x107 kg
r=20m D. 25x10% kg
. 1} .
A 42x10°N 15. A0.15 kg toy airplane is suspended as shown. Ittravelsina honzontal circle at a
B. 9.6x10°N constant speed.
C. 14x10*N
D. 23x10*N

18. In an amusement park, 2 2.8 m radius “drum” rotates such that a person does not fall when the

“floor” drops away. ’ & T e -
\ t——0.55 M ——s,
0.45kg T~ S oo- -7
What is the period of the motion of this airplane?
A. 0845
B. 16s
C. 1.8s
D. 20s
16. A small object of mass m is suspended from a fixed point by a light cord.
If the coefficient of friction between the person and the wall is 0.35, what is the maximum
period of the rotation so that a person will not fall?
A, 20s
B. 34s
C. 57s
D. 18s
19. Which of the following is a correct statement about gravitational force?
o ) . The object is raised to an angle of 60° and released from rest. The obi
A. It is applicable only to our solar system. CPject moves in an arc of a
B i bpfh o t)'/ ) s = ys ;m circle as shown. When the object passes through its lowest position at point P, what is the
. s both an attractive and repulsive force. tension in the cord in terms of the object’s weight (mg)?
C. Ttis directly proportional to the product of the masses involved.
D. Itisdirectly proportional to both the mass and radius of the earth. A 05mg
B. 1.Omg
C. 15mg
D. 2.0mg

P

C , | C_ _F
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ClecLLAR MOTION AND GRAVITATIO
17. The graph shows the gravitational force between the earth and an object as a function of the
g i i tre of the earth. ’ ' »
distance of epacation, 7 form the cen 13. The net force acting on 2 body in upiform circular motion is constant in
A. direction only.
B. magnitude only.
C. both magnitude and direction.
D. neither magnitude nor direction,
As the object is moved from r, to r,, what is the work done? 14. A 1200 kg car travels with a maximum speed of 24 m/s in a circular path on a dry level
road surface where (1 = 0.90 between the car tires and the road. What is the radius of this
g. ?2 S circular path? .
. Q+
. BrQ ' : A 27m ‘
D. Q+S+T ‘ : B 59 m
C. 65m
D. 640m
18. A 200 kg object is released from rest at an altitude of 1.0 x 10" m. What is its impact speed
with the earth? Assume no air resistance.
— A. 7.0x10° m/s , |
8.7x10° m/s 15. Two satellites, S, and S, are in circular orbits around a Planet. Satellite S, has twice the
B B 4 i mass and twice the orbital radius of satellite Sy.
C. 1.1x10* m/s
. s,
D. 1.4x10* m/s ‘.‘___\\\\
2 r N
/ w2 \
/ AT~ \
/ S0 ‘; \
li / \ )
{ NG [
\ \ y /I
\\ N ,
\ /
\ s
h SN Pl g

What is the ratio of the centripetal force on S, to that of S (83:8) 7
Al a1
B. 1:2
C. 14
D. 1:8

.9



16. Which of the following is a correct statement about gravity?

A.  An object falling freely has no gravitational force on it.

B. The acceleration due to gravity, g, is a universal constant.

C. The gravitational field of a body follows an inverse square law.

D. The gravitational potential energy varies with the square of distance of separation.

17. The mass of planet Neptune is 17 times more than that of the earth. It has a radius 3.8 times
that of the earth. Which of the following is the best approxlmatlon of the acceleration due to
gravity on the surface of Neptune?

A. 83m/s
B. 12m/s’
C. 44m/s ,
D. 170 m/s’

18. How much work is required to raise a 4.0% 10? kg object to an altitude of 5.0x 10° m above
the earth’s surface?

A. L1xX10'J
B. 14x10"7
C. 20x10"7J
D. 25x10"7J

ELECTROSTATICS

Electric force and Electric field

Electric potential energy
— And
Electric potential



®  electric poteatial relative to zero at infinity
*  charge ’
*  distance

-.-. Outeomes . - Questions
Itis expected that students will apply Coulomb's law to situations involving point charges and T :
d frate an understanding of electric fields and their effects on charged objects.
1t is expected that students will: '
K1. state Coulomb's law .
. K2. solve problems using Coulomb's law for two point charges, involving:
X «  electric force o
e charge
«  distance of separation
s Coulomb's oons(ant'

" K3. caleulaté the iet electric force on a point charge due to two other poiat charges -

| K4. define electric field :

i K5. galculéte the net electric field at any point on a line containing two point charges 1
K§." describe the electric field lines for simple charge distributions 2
K7. describe situations that produce unifoim or non-uniform electric fields 3
K8. solve pr,obl;ms, for a charge in an electric field, involving: 45,67

« force
e  charge
*  electric fieid
LY. define the following: 8
* electric potentiat energy
+ electric potential -
o électic potential difference
L2. solve problems for a'charge in an electric field, invelving:
© 4 electric p.otexitial diffétence
. c'lédtr_i'élijétent'iai energy.
«  charge ) .
L3. selve prof:lcms for a uniform electr@c field, involving: 9
*  electric potential difference
e electric field
"+ distance between two locations in a field
L4. solvé problems for two point charges; involving:
+ electric potential energy . «  charge
¢ distance of separation = Coulomb's constant )
LS. calculate the work required to move a charge between two locations in an electric field
1;6_. solve problems using the law of conservation of. energy for a charge in an electric field, involving:
*  speed * .mass "« charge 10
« distance "« work +  electric field
e electric potential difference .
L7. apply the principles of electrostatics to qualitatively explain the operation of a cathode-ray tube
(CRT)
L8. solve problems for no more than two point charges, involving:

Electrostatics

It is expected thafstudents will apply.Coulomb's law
t0 situations involving point ¢harges and demonstrate

" an understanding of electric fields and their effects on

charged objects.
It is expected that students will:

K1 State Coulomb's law

point charges, involving: =~

K2 S'olve problem.r using Coulomb’s law for two

o electric force

¢ charge

" distance of separation

o Coulomb's constant

" K3 Calculate the net electric force on a point charge

due to two other point charges
K4 Define electric field

K5 Calculate the net electric field at any point on a
line containing two point charges

K6 Describe the electric field lines for simplé
charge distributions

K7 Describe situations that produce uniform or non-
uniform electric fields

K8 Solve problems for a charge in an electric ﬁéld.
involving:

s force .

* charge

o electric field

Unlike charges (e;g.- 'negative aad poéi'tivc) attgs_ict

_each other. Charging by-conduction means that a

once neutral object becomes charged fhrmigh contact
with a charged object (the two objects will now have
the same charge). Charging by induction means that a
once neutral object becomes charged by grounding
the object in proximity to a charged dbject. This new
chatge is.opposite to the original charged object.
Both methads are caused by the repulsion of like
charges.

In conduction, charges on the first object repel each
other and some charges are pushed onto the second
abject. This continues until both objects carty equal
-charges.

In induction, charges on the first object repet like
charges on the second object. When the second object
is grounded the charges leave it. The object is left
with a net charge opposite that of the first object.

. Coulomb»applieiia cﬁarge, Qy, to.one end of a torsion )
balance: He then placed a second charge, 0, near Q.

The repulsion or attraction betwéen the charges-.

" caused the balance to twist. By measuring the angle ;

of twist, Coulomb was able to determine the force of
repulsion/attraction and relate this force to the )
distance between, and magnitudes of both charges, )

Through his torsion balance experiménts Coulomb -

was able to determine the following relationship:

Coulomb;s Law: E, = @%QZ.
N oot

where F = force on a charged object in'mewtons, " . .
k= Coulorub’s Law Constant (8.99510° N-m2/C2 ),
r= distance between the charged objects centers, and -
-and O, and 0, = charges on the two objects.

Coulomb’s law: F, = .k%gl
e ,

Newton’s universal law: F, =__Gm12m2

: I
While the causes of both forces differ; there is an
obvious similarity in the relationships between the
magritudes of the forces and the distance separating
the objects causing the forces: In both cases the force
diminishes as the distance betweeii the objects
increases, such that Cor ’

1

Foe

r 2 .
Electric fields have both magnitude'and direction.
They are therefore vector fields. An electric field is
the region arourid a charge.in which a force is-exerted
upon other charges. ‘A force cannot exist-within an -
electric field unless apother charge is present for-that
force to act upon. :

The direction ofan eleﬁtric field is defined as the
direction in which a small positive test charge will
move when released within the field. .

The magnitide of the field emanating from a charged
object can be determined by

o K
2-22

r

where E is the electric field in N/C, k is Coulomb’s
Law Constant , » is the distance from the charged
abject’s center, and Q is the magnitude of the charge
on the object. :

b9



Electric fieldsican be added,fo and subttacted from. -~
one another according. to their vector nature, In this.
manner two-electric fields-of equal strength and
opposite-direction may be used to cancel out:each -
other. PEEREEE L .
Similar to 4 force acting on a mass due to a gravity -
field, &leciric fields exert forces on charged objects
such that : o

E'=Eg

where F is the force on the charged objeci in newtons
(N), E is the strength of the electric field in newtons/
coulomb (N/C); and Q-is the magnitude of the charge
on the object in the. clectric field in coulonibs(C).

Uniform elégtric fiélds are typically created between

. two charged plates. The sfrefigth of such an'eléctric

field can bé determined by the formula
=5
d

where £ is the strength of the elédtric field newtons/
coulomb (N/C), V'is the voltage potential between the
plates, and.dis the distance between the two plates.

Using this in combination with Newton's laws of.
mdtion and an understanding of accelerating systetns,
we can determinie the path a charged object will take

in a uniform electric field.

The potential energy of a charged object in 2 uniform
clectrical field can be determined by the formula

AE=VQ

where AE is the potenﬁaitenergy of the charged
object in joules (J), ¥ is the potential difference
between the charged plates in volts'(V), and (is the
charge on thé object in coulombs.(G). - <

If the potential energy is released it will become the
kinetic energy of the object. o -

- L1 Define the following:
e electric potential energy
¢ electric potential

" * electric potential difference
L2 Solve problems for a charge in an ele_ctric feld,
L3 Solve problems for a uniform el;:ctric ﬁéld
L4 Solve problems for two p-rai_nt ch;zrge; .

L5 Caleulate the work required to move a charge
between two locations in an electric  field

" L6 Solve probleins using the law of ca_nse_rvan%n of

energy for a charge in an eleciric’

L% Apply the principles of e.{ectrostatics‘ o .
qualitatively explain the operation of a cathode-
ray tithe (( CRT) o

L8 Solve probldns for no more than two point
charges :

Similar to gravitational potential energy, the area
under the curve of a “F; vs 1 graph télls bs the work
done to'move two charges 0, and Q, closer together
or further apart. This similarity: is attributable to
Newton’s Law of Universal Gravitation being similar
to Coulombs Law. The area under-the curve is given
by: )

k0
r

where k= Coulomb’s constant (9.00x10° Nem?/C?)
and = the distance between two chaiges. We take
the potential energy of the charges to be zero when
they are infinifely apart. The electric:potential edergy
at a certain point is defined as the work done to bring
a one Coulomb positive charge from infinity to that
point. Thus , we can modify our earlier equation to
the following: : ’

v , where V is electric potential and » is the

r .
distance from charge 0.
Since we have two types of charges, positive and
negative (a problern that we did not have with mass),
the positive charge is selected to be.the standard.
Thus the electric potential in the above equation is

positive for positive charges but negative for negative
charges. :

Since AE, = (AV)Q. (by definition),
en, 2000
r

If O and Q,are opposite charges, then E, is negative.

If the}' are like charges, then £, is positive. Both
elcctrlf: potential (measured in volts) and electric
potential energy (measured in joules) are scalar

quantities even though both can be either negative or
positive.

To‘ calculate the total electric potential at a certain
point due to two separate charges, use the following:
V=V +V,

or Vr =£&+@
“hoon

C\

1t is important to keej track of whether the.charges
are negative or positive. . -

To measure the work required to move a certain
charge in the vicinity of other chargss, we.use

W=AE =(AV)Q
We must first calculate the change in electric

potential (AV) between the two points i question
and then multiply by the magnitude of the charge that

is being moved. Since all these quantities are scatars, -

thé actual path taken during the move s riot

- important. All that matters is the initial point and the -

final destination. It is important to note that fhe .
electric field strength around point charges is non-
uniform (it changes with distance). By comparison,
the electric field between two charged plates’is
uniform and. thus may be easier to manage.

o«
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ELECTROSTATICS . ' ) . . . .
21. What are the magnitudes of the electric field and the electric potential at point P midway

between the two fixed charges?

19. Which of the following diagrams shows the electric field between two equal but »
opposite charges? ) +5.0x10°6 C p =5.0x107° C .
) - S R

. ' f——3.0m ; 3.0m —— ]
(N——— (N
T No N T T
B. 0 N/C 30000V
C. 10 000 N/C oV
c D. D 10 000 N/C 30000 V
) 2

20. A proton initially at rest is accelerated between parallel plates through a potential difference
of 700 V.

}<— 0.055 m—»

proton

£

200V -500V -

What is the maximum speed reached by the proton?

A, 8.6x10% m/s
B. 3.x10° m/s
C. 3.7x10° m/s
D. 1.6x10° m/s

| £
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18. - An electron in the electric field has an electric force acting on it in what direction?

19.

20,

L . " 18. The electric field is uniform between
' A. two positive point charges.
N . - B. two negative point charges.
w <¢> E j @ ‘r E C. two opposite point charges.
i D. two oppositely charged parallel plates.
s - -7
g- 18‘101'3_: ¢ 19, What is the magnitude and direction of the electric field at point P due to the two fixed charges?
. ol .
C. East _ +4.0x 1076 C -L0x10Cc p
D. West *
b 30m > 1.0 m —4
What is the electric potential at point P due to the two fixed charges as shown?
}‘ 7.0m rI
@ - . A. 6800 N/C Right
2.0x10°5C '
: 4.0m B. 6 800 N/C Left
! l C. 11000 N/C Right
- " b 11000 N/C Left
2.0x10°5C - .
A 1200V
B. 1500V
C. 5200V
D. 7100V

20. A proton with kinetic energy bf 2.1x1077 J is moving into a region of charged parallel plates,

A moving proton has 6.4%107' J of kinetic energy. The proton is accelerated by a potential The proton will be stopped momentarily in what region?

difference of 5000 V between parallel plates. ’ 0 100V 200V 300V 40V
ov -5000V X X

\'2
) ‘«:.,'
X
21x10717) \ \\ N\
.__»_ - —— - - - -
proton 5 b
K L

Yo

M -N

A. RegionK

. B. RegionL

The proton emerges from the parallel plates with what speed? C. RegionM

A, 8.8x10° m/s D. RegionN
B. 9.8x10° m/s
C. L3x10% m/s
D. 1.8x10% m/s

~

N
l

“"’“;] |
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[ 20, Which of the following best describes how electric potential varies with distance in the region
! around a point charge?

Veer

B. Vel
=

C. Vey?
1

D. Ve
r2

21. Three identical positive electric charges are fixed as shown in the diagram below.

Q G %
,
k< d >} 5 —>
What is the direction of the net electric force on Q, due to O and Q;?
. to the left
to the right

the net force is zero
cannot be determined

Tnwy

22. Inan experiment, a positively charged oil droplet weighing 6.5Xx10™" N is held stationary by

a vertical electric field as shown in the diagram.

E

If the electric field strength is 5.3x103 N/C, what is the charge on the oil droplet?

A. 12x1078¢
B. 3.4x10%c
C. 4.1x10C
D. 8.2x10" C

|
)

TUNE Q004
ELECTROSTATICS,

19. A positively charged oil droplet is in a vertical electric field.

E

@

Which of the following is a correctly labelled free-body diagram showing the forces acting on
the oil droplet? .

A. B. C. D. }F;
FE FE . FE
F F, [ Lg

F

&

20. What are the magnitude and direction of the electric field between the plates in the situation
shown below?

250 v
(=

A left 8.3x10°

.B. right 8.3x10°
C. left 6.3x10*
D.

right 6.3x10*




AVGUST 2001
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19. Which of the following best illustrates the electric field between parallel plates with opposite
electric charges?

+ 4+

A

20. The atomic nucleus of uranium contains 92 protons. What is the direction and magnitude of
the electric field 2.5 x107'% m from this nucleus?

DIRECTION OF ELECTRIC FIELD MAGNITUDE OF ELECTRIC FIELD
A, towards nucleus 5‘3'x 102 N/C
B. away from nucleus 5.3x10* N/C
C. towards nucleus T 2.1x 10" N/C
D. away from nucleus 2.1x10% N/C

21. A 0.16 C charge is moved in an electric field from a point with a potential of 25 V to another
point with a potential of 95 V. How much work was done to move this charge?

A. 407
B. 11J
C. 157
D.

197

C

TANUARY 4003
ELECTROSTATICS

. 18. 'Which of the following shows the electric field for two opposite unequal point charges?

A

19. Two positive point charges are placed 3.0 m apart as shown,

+2.5x107¢ C

B.

30m

L

®

+5.8x1076 C

/
\

What is the magnitude of the electric field at point P midway between the two charges?

A.

B.
C.
D

0 N/C
3300 N/C
13 000 N/C
33 000 N/C

=
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ELECTROSTATICS

19. Which of the following are correct units for electric potential?

20.

21.

A.

B.
C.
D

I/s
J/C
N/m
N/C

AUGUST 2002 |
ELECTROSTATICS

18. Inthe CRT shown below, a potential difference is only applied to the set of plates at J.

A proton beam is fired into a uniform electric field. The protons follow a parabolic path
as shown,

E - 840N/C

What is the acceleration of these protons?

Snw»

1.3x107' mys?
8.0x 10" m/s?
1.5x 10" m/s?
5.0 x 10% m/s?

A small 0.0021 kg plastic ball is suspended by a string in a uniform electric field as shown.

If the string makes an angle of 15°

the ball?

A. 4.8x10°°C
B. 5.0x10°°C
C. L9x107%C
D. 55x107°C

A | 19

\ T E=1100N/C

',15"& ’

@ m - 0.0021kg-

—_—

-with the vertical, as indicated, what is the charge on

Which of the following could show the position of the electron beam on the screen?

A. B.

D

S
S

In one model of the hydrogen atom, the electron orbits the proton at a distance of
5.1x10" m. What is the electrostatic force between these two particles?

A. 39x109 N
B. 53x10Y N
C. 4.5x10°® N
D. 89x107¢N

Sk
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20. Two equal positive point charges are placed at distance R from each other. They are then T Ia
moved to a distance of 2R away from each other. The electric potential and electric field at E LGCT@OS ATICS ) .
point P midway between the charges are méasured before arid after the miove. ‘ 18. Which of the following represents the electric field between two opposite point charges of

different magnitudes?

R — | A. B.
[ r—
® & s - ® .. . '

Which of the following is correct?

NEW ELECTRIC POTENTIAL NEW ELECTRIC FIELD V C. b -
half the original electric potential half the original electric field m
same as the original electric potential half the original electric field —~— <
half the original electric potential same as the original electric field . » \ W

same as the original electric potential same as the original electric field

T

oo w >

19. What are the magnitude and direction of the electric field at point P?

+6.0x 104 C -30x10°C

. @ @ oP
— —_— k———30m — LOm—]

MAGNITUDE OF ELECTRIC FIELD AT P DIRECTION OF ELECTRIC FIELD AT P

A 2.4x10°N/C , left
B. 2.4x10* N/C rig.ht
C 3.0x10* N/C left
D.

4
3.0x10° N/C right

20. A proton moving at 5.0 x 10° m/s enters a series of charged pérallel plates. What is the impact

speed on the last plate?
Vo =5.0x10° m/s H ” '
@ L.
proton ” H
0V -2000Vv -5000 v
A 9.1x10° m/s
B. 9.8x10° m/s
C. 11x10°m/s
D. 1.3x10° m/s

C C __ _c_ A

3 O /
A SN D SAE M A AR AN A Sk Al SEae e e AERE  Seas Saa.
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18. Which of the following is a possible electric field configuration?

19. Which of the following

shows how electric Potential varies with distance from a positive
point charge? .

A v -B. v

A. B.
r
C. D.
. C. v D. v
r
19. What is the electric potential at
(tuc =1.0x10" c)

~

-

point P midway between the two point charges shown below?

+12uC P ~12uC
® - ) 20. At what speed will a proton, accelerated from rest, hit the plate at the right?
f——40m —————— 40m — .
A 0V ’
B. 6.8xI10°V © >
C. 14x10*Vv proton
D. 54x10'V
' oV 200V -s00v
A, 2.2x10° mfs
v B. 24x10° mfs
20 A proton is moving at 5.0x 10° m/s when it is 8.0 m from a fixed 1.5x10™ C charge Q. C. 31x10° ms
What is the speed of the proton when it is 2.0 m from the fixed charge Q ? D. 44x10° m/s i
A 25x10° m/s
B. 3.6x10° m/s
C. 3.9x10°m/s
D. 4.5x10° m/s

al
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21. Two views of a cathode ray tube are shown below.

20. What does an electric field line indicate?

A.  The direction of the electrostatic force on a positive charge.
B. The direction of the electrostatic force on a negative charge.
C. The magpnitude of the electrostatic force on a positive charge.
D. The magnitude of the electrostatic force on a negative charge.

accelerating
voltage

Front View

The beam is then adjusted to Position 1 as shown below. i %
21. What is the magnitude of the electric field at point P in the diagram below? (1 uC=1x10 C)

VNP, .

@ @

(]

Ll

*

ouc | 10 pC P

A. 22N/C
Position 1 Position 2
(initial) (final) B. 3IN/C
C. 4IN/C
In order to change the electron beam from Position | to Position 2, a student can D. 50N /C
— A. make plate x, more positive. —_—
B. make plate x, more positive.
C. increase the accelerating voltage. 22. A positive charge Q is located several metres from a fixed positive charge as shown in the
D. decrease the accelerating voltage. diagram below.

fixed

You are told to move charge Q a distance of 1.0 m so as to cause the greatest increase in its
electrical potential energy. In which direction do you move it? ’

A.

N ST

B.
C.
D
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19. Which of the following is equal to the work required per coulomb to move a positive charge
from one position to another in an electric field?

A.  E,, electric potential energy
AE,, change in electric potential energy

B
C. 'V, electric potential
D. AV, electric potential difference

20. The diagram below shows a positive charge located near a smaller (in magnitude) nega'tive
charge. In which region is there a point where the electric field due to the two charges is equal

to zero?
o1 —»@4———— —rec— > @ —[V—>e
A
B. I
C. I
D. IV

AlevsT 2004
ELECTROSTATICS

19. The magnitude of the foree experienced b:
- field is equal to which of the following?

A

2o fm s

E-q

y any charged object, ¢, when placed in an electric

20. The electric field at point P in the diagram below is 8500 N/C directed to the right.
What is the size and polarity of charge 2,7 (WC =1x10"° C)

[ 6.0m ——>]|

10.0m

|
. O
P

)]

q,=20puC
POLARITY . Size
A. + 6.2 uC
B. - 6.2 uC
C. + 14 uC
D. - 14 uC

21. A proton is made to travel in a straight line near a fixed positively charged object as shown in
the diagram below, What is happening to the proton’s electric potential energy as it travels

from A to B?
~— D -
A proton

A. ltis increasing.

B. Itis decreasing.

C. Itisincreasing then decreasing.

D. Itisdecreasing then increasing.

L £



"ELECTRIC CIRCUITS

Ohm’s LaW
And |
Kirschoff’s Laws

Power and Energy

ELECTRIC ClRCUI TS

Outcomes

Questions

It is expected that students will demonstrate an ability to use Ohat's taw and KirchhofPs taws and
apply them to direct current circuits in everyday situations.

1t is expected that students will:
M. define electric current
M2. solve problems involving:

e  cument : -

« time

+ charge
M3, relate conventionat current direction to the direction of electron flow in 2 conductor
M4, define resistance in terms of Ohm's law
MS. solve problems involving:

*  electric potential difference

- current

e  resistance

M. calculate the total (equivalent) resistance for resistors connected in parallel, series, or 2
combination

M7. state-Kirchhoff's laws and apply them to circuits containing one source of electric potential
diffecence

MS8. demoastrate the ability to construct circuits fom schematic diagrams

M9. d the correct pt and use of an and vol in a circuit

ML0. define electromotive force (emf), terminal voltage, and internal resistance
M1L. solve problems using:

«  terminal voltage

«  electromotive force (emf)

+ . internal eesistance

«  curreat

+  electric potential difference

8,9

Nt

N2. solve problems involving:

define electric power

« electric power
+ . electric potential difference
A4 current
e gesistance
«  efficiency
N3. comparte energy consumption of various household etectricat appliances
N4. explain why electric energy is itted through tr ission lines at high p ial -

to, 11




Electric Circuits

Ohm's Law and Kirchoff's Law
M1 Define electric current

M2 Solve problems involving:

* current
* lime
* charge

M3 Relate conventional current direction to the
direction of electron flow in a conductor

M4 Define resistance in terms of Ohm's law

M35 Solve problems involving:
® electric potential difference
s current
*  resistance
M6 Calculate the total (equiv.alenl) resistance for

resistors connected in parallel, series, or a
combination

M7 State Kirchhoff's laws and apply them to circuits
containing one source of electric potential
difference

M8 Demonstrate the ability to construct circuits
from schematic diagrams

M9 Demonstrate the correct placement and use aof an
ammeter and voltmeter in a circuit

Electrical curreat is the flow of electrical charge in
conductars, given in amperes(A or C/s). Potential
difference or voltage is the energy per unit charge (V
or J/IC).

Resistance is the ratio of the voltage applied across a
matecial to the curreat running through it (Q).

Electrical Power is the rate at which work is done (W
ot Jfs).

Electrical current, {, is the cate at which electricat
charge flows through any given point in 2 conductor.

i.e., current is 2 measure of the change in charge per
time unit.

r=2¢
At

One ampere (A} is equal to a flow of one coulomb
through a given point in one second.

LA=tC/s

Electron flow is the flow of electrical energy from the
negative terminal to the positive terminal of a battecy.
As the name suggests, it follows the motion of )
electrons through the conductor.

Conventional current is the flow of positive charges
from the positive terminal to the negative terminal of
a battery. Conventional flow is still used in some
electrical engineering applications where it is more
practical.

According to Ohm's law, an object’s resistance is
affected by its dimensions, its resistivity, and its
temperature. Resistance can also be explained if we
compare electron flow through a wire to water flow
through a pipe.

If the pipe is wide, less pressure is required to move

. the water. Similarly a wire with a larger cross-

sectional sucface area preseats less resistance. Also it
is more difficult to push water through a longer pipe
thaa through a shorter pipe. Increasing the length of a
wire will increase resistance in the same manner.

Resistivity is in the nature of the material from which
the wirce is made. {f we change the substance ia a pipe
from water to a more viscous substance, like
molasses, it will flow more slowly. If we use a more
resistive metal for the wire we increase its resistance.

Unfoctunately our water analogy fails when it comes
to temperature. As water cools it becomes more
viscous and it encounters more resistance,
Conversely, as we cool a wire we allow electrons to
flow more freely through it, thus resistance decreases.
[n fact if we cool some conductors to near absolute
zero, they will lose all their resistance and become a
super-conductor. Scientists in the field are
experimenting with ceramics that become super-
conductors at “warmer” temperatures (acound
~100°C).

Obm's law states that the poteatial difference oc
“voltage drop™ across a resistor is equal to the
product of the current through it and its resistance.

V=R

The power dissipated across a resistor is equal to the
product of the voltage drop across it and the current
through it

pP=[v

Thus a drop of 1V across a resistor through which LA
flows dissipates 1VA of power.

lVA=lle=ll=lW
C s s

D

Electrical power is lost mostly in the form of heat.

Also, if we combine the two formulae we have two
new formutlae which can be used to describe power
loss actoss a resistor
0) P=IV V=R P=I’R
: v v?

if p=[V [=— P=—
(i) R R
Kirchhoff's first rule, the junction theorem, relates to
conservation of charge and states: “the sum of
currents into a given junction is equal to the sum of
the currents out of that junction.” ~

1A
3A

24
Kirchhoff's second rule, the toop equation, relates to
conservation of energy and states: “the poteatial
difference across a circuit is equat to the sum of the
voltage drgg; across all resistances on that circuit.”

[t

? =05V

The order in which KirchhofE's rules are applied
depends on the variable for which we are solving. If
we are given currents and resistances for all branches
of a paralte! circuit, and we are asked to find the
voleage of the power supply, we first apply Ohm’s
Law and then the loop equation. If the current is
unknown, then we apply the junction theorem last,
assuming other rules are needed for intermediate
steps.

M0 Define electromotive force (emf), terminal
voltage. and internal resistance
Ml Solve problems using:
* terminal voltage
e electromotive force (emf)
* internal resistance
. current

*  electric potential difference

~

Nt Define electric pawer

N2 Solve problems involving:
e electric power '
e electric potential difference
e current
* resistance
« efficiency

N3 Compare energy consumption of various
h hold electrical appli

N4 Explain why electric energy is transmitted
through transmission lines at high potential

We often treat the power supply in a circuit as ideal.
The potential difference supplied to the circuit will
not change if we vary the resistance (and
consequently the current) in the circuit. This is
demonstrated in the following plot

[n reality, all power
supplies or sources of
emf have some
internal resistance
which changes the
potential difference
supplied to the circuit
as the resistance and
1 current varies.

A

terminal ~ € Ir

The formula shows how the terminal voltage
(Vierminal) g0es down as the current () through a
battery’s internal resistance (r) goes up.

!

In the above plot, the y-intercept is the battery’s rated
emf (£) and the sfope is its intemal resistance (- ).
As a battery “dies™ its internal resistance increases to
the poiat that the terminal voltage drops to zero.

/8
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ELECTRIC CIRCUITS

22. Which of the following arrangements would draw the largest current when connected to the
same potential difference? All resistors have the same value,

21. Which one of the following shows the correct placement of an ammeter and a voltmeter to
A, .

B determine the power output of resistor R?

23. What is the power dissipated by the 5.0 Q resistor in the following circuit?

100
25V ‘l' 30Q 30Q
5.0Q
A. 0.56 W
B. 35W
C. 62w
D. 130w

0.50Q 6.00V

W

L 4.00Q oo

5.25v
5.33v
6.00 v
6.67V

Cowp

C - C C _i\)o
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23. In circuit one, resistors and voltmeters are connected ds shown. In circuit two, an additional
resistor Ry is placed in parallel with resistor R,. 21. Which of the following graphs illustrates Ohm’s law?
Circuit One Circuit Two '

AV : B. V
R R
. I ;
- R, ? — R, §Rz C yp D. p
R, R,
Wy Wy I
I I

How have the values of ¥ and V, in circuit two changed compared to those in circuit one?

22. Inthe following circuit, what is the tecminal voltage of the battery?
A. no change decreased -
- - £=80V!
B. decreased increased ‘ ‘ 600
r=0.70Q!
C. increased decreased A !
- D. increased no change
2.0Q
A, 69V
B. 7.0V
C. 8.0V
D. 9.0V

23. Ifswitch S is opened, how does the brightness of each bulb (X, Y, and Z) compare to the
situation when the switch was closed?

S S
Constant Y Constant Y
voltage . voltage
power @ X  power @ X
supply supply

A. same same same

B. same dimmer brighter ,
C. same brighter dimmer

D. dimmer dimmer dimmer

£



TANUARY 2001
FLECTRIC CIRCUITS

23.

24.

‘Which of the following combinations of three identical resistors has the least equivalent

resistance?

A —

An electrical device with a constant resistance draws 0.75 A when connected to a4.8 V source.
What are the current and power for this device when it is connected to.a 6.0 V source?

AW

AW

D. /\/\/\,

v nwop»

CURRENT (A) POWER (W)
0.75 3.6
0.75 5.6
0.94 36
0.94 5.6

==

FUNE 2001

FLECTRIC CIRCUITS

21. Current is a measure of

vowy

22. The battery in the diagram below is delivering a current of 2.0 A.

the number of charges stored in a cell.
the amount of energy given to a charged object.

the charge passing a point in a circuit in a given time.
the resistance to the flow of charged particles in a circuit.

- o

1
— £160V
1
§r=:0.50 e

——— = -

SOV

I=20A

What will be the reading on a voltmeter connected to the battery terminals?

A.

B.
C.
D.

LoV
50V
60V
70V

23. What is the total power dissipated by the three resistors in the circuit shown below?

oow»

)

12W
16 W
23 W
30W

10Q

M

24V

33§2§

9.2W

§R

1,5
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22. " Which of the following diagrams shows an ammeter correctly placed to measure the circuit
current and a voltmeter correctly placed to measure the potential difference across the battery?

TJANUARY 2002
ELECTRIC CIRCUITS

20. Examine the electric circuit below.

|

WA

A A +T §
What is the direction of conventional current and electron flow in this circuit?
CONVENTIONAL CURRENT ELECTRON FLOW
A. clockwise clockwise
0 B. clockwise counter-clockwise
C. . C. counter-clockwise clockwise
D. counter-clockwise counter-clockwise
21. A potential difference of 12 V causes 0.35 C of electric charge to pass through a resistor
- in2.6 s. What power does the resistor dissipate?
A 16W
B. 42W
C. 11w
D. 89W
23. What is the current through the 10 Q resistor in the circuit shown below? | 22. The diagram below shows part of an electric circuit.
N
R=15Q
U { R =25Q )
3.0A
A O11A )
B. 037A .
C. 12A R =63Q
D. 17A

What is the current through resistor R,?

A. 1OA
B. 14A
C. 16A
D. 30A

S
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22. Whic%x of the following meter placements woul
electric potential difference across resistor, R?

o0 »

AMMETER VOLTMETER
4 V
) 4
A v
A,y v,

d allow you to measure the current through and

23. What current flows through the 4.00 Q resistor in the following circuit?

A.
B.
C.
D.

emf = 6.00 v
t
r=0.659
[
‘_
047 A
1.2 A
1.3 A
1.5A

-

R =4.00Q

g R, =8.00Q

24. A circuit is made froin two resistors and a light bulb as shown on the left. A short time later a
copper wire is connected across points X and Y as shown on the right diagram.

15.0Q 10.0Q - 150Q 10.0Q

|
I
|
|
{
|
|
|
1
|
!
|
!
!

R=21.0Q R=21.0Q

What is the current through the light bulb and what happens to the brightness of the bulb when
the wire is connected? o

CURRENT BRIGHTNESS OF BULB
A, 0.64 A dimmer
B. 0.64 A brighter
C. 1.L1I0A dimmer
D. 1.10A brighter
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FLECTRIC CIRCUITS ELECTRIC CIRCUITS

21, Which of the following is a correct statement?
21. What happens to the total resistance of a circuit as one more resistor is added in parallel? The current in a typical resistor is directly proportional to the applied voltage.
The current in a typical resistor is inversely proportional to the applied voltage.
The total current into a junction is less than the total current out of the junction.
The total current into a junction is greater than the total current out of the junction.

A. The total resistance decreases.

B. The total resistance increases.

C. The total resistance becomes zero.
D. The total resistance does not change.

OOowp

22. The following diagram shows part of a complete circuit. What is the power dissipated in one of
the 20 Q resistors?

22. The headlights in a car use 95 W of power. A driver parks her car but leaves the lights on. The
12 V battery has 3.4 x 10° C of stored charge. How long does it take for the battery to lose its

charge?

A 11x10%s

B. 3.6x10%s

C. 4.3x10%s

D. 2.7x10%s 209

A l6W
23. A circuit using a new battery which has an emf of 6.00 V and an internal resistance of 1.00 Q B. 25W
is shown on the left. The battery is then replaced with a used one that has the same emf of 6.00 C. 3w

V but a different internal resistance. :
D. 99w

New Battery Used Battery 23. Circuit 1 is shown below. Resistor R is added to form circuit 2. -
I=0.375 A
= I = = -
£-600V! €600V

R§P=l.?5W Q

Circuit 1 Circuit 2

[
PR 1

[}
r=100Q!
|

i
I
|
i
I
[ :
R§, !
I ]
i :
| :
|
|

If resistor R now dissipates 1.75 W, what is the internal resistance of the used battery? R .
P Ty When resistor R is added, how do the voltmeter readings change?

A. 1L.00Q ’
B. 2.57Q Vi Y,
C. 355Q Al decrease decrease
D. 560Q
B. decrefise increase
C. increase decrease
D. increase increase

L8
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23. The circuit and meters are connected as shown with the switch S closed.

21. Which of the following illustrates Ohm’s Law?

Al

: V’ i

i . I
c v : D. v

I

I
If the switch is then opened, what effects will be observed in the readings of the three meters?
- (All resistors have the same value.)
v, . v, A
I A. decreased no change decreased
B. decreased - increased decreased
C. increased ' decreased : increased
D. increased decreased decreased

22. What is the total power dissipated by the four resistors in the diagram below?

25Q
£ '409§ 60Q
B 8.5V
- 100
A LTW
B. 27W
C. 47W
D. 74W

I
I
p
|
|
|
|
B
|
®
|
|
|
|
|
|
I
'C
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22. All the resistors shown in the circuit have the same resistance value.

=n

Which resistor dissipates the most heat?

K

oowy

L
M
N

. 23. Abattery is being charged by a2 2.0 A current as shown in the diagram below.

What is the terminal voltage of this battery?

14V
41V
55V
6.9V

Unwp

TANVALY 2004 .
ELECTRIC CIRCUITS

23, Which of the following statements is true for the electric circuit shown below, regardless of the

resistors used?

Y

R’

\ 74 R2 § R3 §

A V=V,
B. V=V,+V,
C. V=Vj+V;
D. V=Vi+V,+V;

24. What value of R in the circuit shown below will cause the parallel combination (10 € and R) to
dissipate the same power as the 4.0 Q resistor?

V.= 00 40 Q
R
A. 026Q
B. 29Q
C. 60Q
D. 67Q

b8
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21. ‘Which of the following is always true for resistors in paraliel or in series?

22.

S aowp

equal currents

equal currents

equal currents

equal voltage drops

equal voltage drops

equal currents

equal voltage drops

equal voltage drops

In the circuit shown below the voltage loss due to the battery’s internal resistance is 2.0 V.

Determine the value of the load resistance R.

A,
B.
C.
D.

1200
33Q
13.5Q
15.0Q

23. A resistor is added in parallel to the 4.0 Q resistor shown in the diagram below.

i

10Q

8.0Q

40Q

What happens to the power dissipated by the 8.0 Q resistor and by the 4.0 Q resistor?

vow»

: v
R N S AE A A aaEE SEam

SR

decreases increases
decreases decreases
increases increases
increases decreases

&)

AVGUST 2004
ELECTRIC ClecuiTs

22. The terminal voltage of a battery is always less than the emf of a battery when supplying
current in a circuit because of a voltage drop due to

A. the terminal connections.

B. the battery’s internal resistance.
C. heating of resistors in the circuit.
D. heating of the wires in the circuit.

23. - When a resistor is added in parallel with the 4.0 Q resistor in the circuit shown below, what
happens to the voltage across the 5.0 Q resistor and to the terminal voltage of the battery?

8.0Q

: :
T i 400
1 € ‘.
5.0Q
VOLTAGE ACROSS 5.0 Q2 TERMINA; VOLTAGE
A. increases decreases
B. increases increases
C. decreases decreases
D. decreases’ increases

(N



ELECTROMAGNETISM

Magnetic forces

Magnetic induction

Outcomes

Questions

It is expected that students will d an uad ding of the. nature of magnetic fields and
magnetic forces. .

| It is expected that students will:

OL. state the rules that explain how magnetic poles interact with each other 1
O d ine the direction of the magnetic field lines for a permanent magnet
03. use thé right-hand rule to determine the magnetic field direction for a curent-carrying wice or a 2
solenoid .
04. determine the direction of the force exerted on a current-carrying conductor or 2 moving charge 3,4,5,6
that is within a magnetic field
05. solve problems for a current-carrying conductor placed in a'maguetic field, involving: 7,8
«  magnetic. force e cumrent
«  leagth of conductor in the field *  maguetic field
06. soltve problems for a charge moviag through a magnetic field, involving: 9
«  maguetic force « charge e speed *  magnetic field
«  centripetal force «  mass * radius
O7. apply the principles of el ism to qualitatively explain the operation of a cathode-ray i0
tube
08. solve problems for a solenoid, invalving: 12
*  current
. maguetic field (in the centre of the solenoid)
«  number of turns per metre of solenoid
09. give examples of practical uses for solenoids in the home and workplace 3
P1. solve probl fora d moving perpendicularly through a uniform ic field, 14, 15, 16,17
involving:
« electromotive force between the ends of the conductor « magnetic field
«  speed of the conductor * length of the conductor

P2. define magnetic flux

P3. calculate the magaetic flux through a loop of wite placed pacallel o perpendicular to a magnetic
field

P4. identify, from appropriate diagrams, situations that would produce an induced emfin a coil
P5. apply Faraday's law to solve problems involving:
* time « change in flux « jnduced emf ¢ numberof turns
P6. apply Lenz's faw to determine the direction of the induced current in a loop of wire
P7. qualitatively describe how a generator uses induction to produce an electric current
P8. define back emf .
P9. solve problems for DC motors involving:
«  current + back emf *  aomature esistance
«  voltage to motor
PLO. givé evidence of current fluctuations due to back emf in common applications of motors
P L.solve prableras for an ideal transformer, involving:
« primary voltage <« secondary voltage + number of primary windings
«  number of secondary windings * primary cument
+  secondary current
P12.identify a transformer as step-up or step-down -

P (3.give examples of the use of transformers in the home, workplace, and community

18, 19,20

21
22
23,24

25
26,27,28




Electromagnetism

Magnetic Forces

Ol State the rules that explain how magnetic poles
interact with each other

Q2 Determine the direction of the magnetic field
lines for a permanent magnet

O3 Use the right-hand rule to determine the
magnetic field direction for a current-carrying
wire or a solenoid

O4 Determine the direction of the force exerted on a
current-carrying conductor or a moving chargq
that is within a magnetic field

Q5 Solve problems for a current-carrying conductor
placed in a magnetic field, involving:
*  magnetic force
e« current
o length of conductor in the fleld

«  magnetic field

06 Solve problems for a charge moving through a
magnetic fleld, involving:
* magnetic force
e .charge
o speed
«  magnetic field
*  centripetal force
* mass
e radius
07 Apply the principles of electromagnetism fo

qualitatively explain the operation of a cathode-
ray tube
Q8 Solve problems for a solenoid, involving:
e current
»  magnetic field (in the centre of the solenoid)

o number of turns per metre of solenoid

09 Give examples of practical uses for solenoids in
the home and workplace

Solid metal is made up of tiny regions called domains
which are essentially tiny bar-magunets. [n most
metals these domains are acrange haphazardly and
point in all directions, thus all their magoetic fields
cancel each other out.

In magnets these domiins are aligned and their
magnétic fields compound to make a single, large
magnetic field that surrounds the maguet.

A magnet is attracted to ferromagnetic materials
because its field temporarily aligns the domains of
materials in proximity to it, tuming into magnets.
Therefore materials which do not hiave domains do
not have magnetic propertties.

The source of Earth’s maguetic field is very different
from that of artificial magnets. Metals in the Earth’s
crust become too watim to maintain magnetic
properties past a depth of 20km or so. They.are too -
malteable and the domains quickly tose alignment.

The Earth’s magnetic field is caused by a dynamic
system within the core. Molten iron and nickel flow
through the magnetic field, inducing a curtent. The
flow of current through metal creates a magnetic
field. The Earth’s magnetic field is thus seif-
sustaining.

It should also be noted that Earth’s geographic north
pole, the direction in which the north pole of 2 bar
magnet will tend to point, is a magnetic south pole.

Magnetic lode stones (naturally occurring magaets)
ace simply masses of mostly iron whose domains
have been aligned over an extended period of time by
Earth’s magnetic field.

Magnetic fields can be added as vectors.

Example: A magnetic field of 2.0T east and a field of
3.0T west interact to create a field with a aet
magnitude of 1.0T to the west.

This is why electromagnets can be so powerful. The
fields around each coit add together to create a single
magnetic field.

Gravitational fields are caused simply by the
presence of matter. A large amouat of matter is
required to create a field of appreciable magnitude.
The direction of an electric field is defined as the
direction in which a test mass will move (usuatly
toward the center of gravity of the body generating
the field).

Much like gravitational fields, electric fields exist
around charges. An electric field can also be created
if a potential difference exists across a region {e.g.
two metal plates attached to opposite terminals of 2
battery. An electric field exists between the plates).
The direction of an electric field is defined as the
direction in which a positive test charge will move
inside the field.

&L

Magnetic fields exist around maguets (masses,
usually of iron, in which the domains are aligned)..
They can also be created by moving electric charges.
The direction of a magnetic field is defined as the
direction in which the north pole (south-secking pole)

of a compass will point.

Qersted discovered that a moving charge, such as-

current through a wire, produces a magnetio field - |

perpendicular to its motion. Faraday discovered that
the motion of 2 magnetic field relative to a conductor
(change in flux) creates a current in the conductor.

The magnetic field created by a single moving
charge can be visualized as ripples moving out from
the charge in the space directly behind the charge.
The field dissipates as the charge moves on. A
sustained current results in a sustainéd magnetic
field. '

The direction of a magnetic field around a conductor
can be visualized using our hands: if we use the
thurb and assume it indicates the direction of cucrent
flow in the conductor, then-curling the fingers
indicates the direction of the field. We use the right
hand for conventional curreat and the left hand for
electron flow current.

We denote this graphically, using a cross-section
view of a wire, as follows.

A dot in the center of An “x" in the center
the wire indicates of the wire indicates
electron flow out of  electron flow into the’
the plane of the page, . plane of the page,
toward the reader. away from the reader.

The force a2 magnetic field exerts on a moving charge
can be determined using the formula

Fa=0QvB 1

where Fis the magritude of the force, Q is the
magnitude of the charge on the object, v is the
magnitude of the objects velocity, and B L is the
magnitude of the magnetic field perpendicular to the
particle’s motion. We ignore signs associated with
these quantities and use the left and right hand rules
to determine the direction of the force.

We flatten the hand and extend the thumb
perpeadicular to the fingers. [f the thumb indicates
the direction of velocity, and the fingers indicate the

direction of the magnetic field, then the force is said -
to come out of the paim. This is similar to how a
maguetic field affects moving electric charges except
the charges are now coafined to a conductor. The
force on the chacge is now the force on the wire. The
direction of the force is also found in the same ’
mananet. We use the left hand for electron flow”
current and the right hand for cotiventional curcent,
with the thumb indicating the direction of the current
along the wike, the fingers pointing in the direction of
the magnetic field, and force coming out of the palm.

The magnitude of the force exerted by a magnetic
field on a current carying wire can be determined
using the formula :

Fo=IfB1

where F is the magnitude of the force, L is the
current in the wire, ¢ is the length of wire exposed to
the field, and B L is the magnitude of the magnetic
field perpendicular to the wire.

Moving a wire in a magnetic field is similar to
moving a charge in a magnetic field because of the
free electrons in the wire. The force produced on the
free electrons in the wite results in a current. The
direction of the charge is the direction the wire is
moving and the resulting force on the free electrons
in the wire is the direction of the induced electron
flow.

Moving a wire in an external magnetic field will
generate a voltage

V=¢vBL

where V is the voltage, ¢ is the length of the wire
exposed to the field, v is the velocity of the wire, and
B L is the magnitude of the magnetic field
perpendicular to the wire's motion. The direction can
oace again be found using ouc haads, We use the
thumb to indicate the direction of the wire’s motion,
the fingers for the direction of the field, and the patm,
indicates the direction of the cucrent.

Cathode rays were discovered as a result of
experiments being done on the discharge of
electricity through cacefied gases. It was observed
that something being emitted by the cathode caused
the gas to glow at the far ead of the tube. This
something was determined to be deflected by both
electric and magnetic fields. J. J. Thomson from these
experiments determined that this cathode ray was
made up of very small negatively charged particle
and from this detecmined that cathode rays

" (electrons) were constituents of the atom and not

atoms as others believed.



Magnetic Induction

P Solve problems for a conductor moving
perpendicularly through a uniform magnetic
field, involving:

* electromotive force (emf) between the ends
of the conductor
*  speed of the conductor
¢ magnetic field
*  length of the conductor
P2 Define magnetic flux

P3  Calculate the magnetic flux through a loop of
wire placed parallel or perpendicular to a
magnetic field

The maguetic fi¢ld stcength (8) at any point inside a
solenoid or coil is given by

B= (1

where 1, is the permeability of free space, N is the
aumbec of turns or coils, ¢ is the leagth of the
solenoid, and [ is the current through the solenoid.

In addition to using £ = Bév to calculate the induced
emf across the ends of a wire moving across
magnetic field lines, we can also use a quantity
known as magnetic flux. The magaetic flux
(symbol: @ ) through a region is a measure of the
number of magnetic field lines passing through that
region. Thus we have the formula

® = B4, where B is the magnetic field intensity in
Teslas (7) and 4 is the acea of the region i m2. The
units for magnetic flux are Webers (Wb) such that

LWb = I Tem’.

P4 Identify, from appropriate diagrams, situations
that would produce an induced emfin a coil

PS5 Apply Faraday's law to solve problems
involving:

* lime
s change in flux
* induced emf

*  number of turns

P6 Apply Lenz's law to determine the direction of
the induced current in a loop of wire

P7 Qualitatively describe how a generator uses
induction to produce an electric current

P8 Define back emf

P9 Solve problems for DC motors involving:
e current
e backemf

* armature resistance

*  voltage to motor

P10 Give evidence of current ﬂﬁc/ua!ioru due to
back émf in common applications of motors

‘ 'py 1 Solve problems for an ideal transformer,
: involving:
®  primary voltage
*  secondary vollage
. ber of primary windi 1g
 rumber ofsecondery winding
*  primary current

*  secondary current
P12 Identify a transformer as Step-up or step-down

P13 Give examples of the use of transformers in the
home, workplace, and community

[a a transformer the power in aad out of the
transformer are the same but the voltage and curcrent
caa be varied depending on the number of wraps of
wire placed on the primary and secondary sides of the
transformer.

Quantities of voltage and current are related by the
foltowing ratios '

L Y% L
N, VT,

where N is the number of wire loops, V is the
voltage, [ is the current, p denotes the primary side,
and 5 denotes the secondary side.

Alternating current (AC) is generated by turning a
coil of wire inside a static magnetic field. Because of
the motion of the coil any given wice on it is always
changiog the direction in which it cuts through the
magnetic field. This causes the direction of the
current to alternate, thus we call it alternating current.

If we graph the voltage vs. time of “raw™ AC we geta
sine wave with an amplitude equal to the maximum
voltage and a frequency equal to the number of coil
rotations per second (usually 60Hz). The effective
voltage is equal to the average absolute value of the
voltage. This means we ignore the alternating nature
of the current, To determine the effective voltage we
multiply the maximum voltage by sin 45° (0.707).
Effective cumrent is determined in the same manner.
We thus arrive at the following formulae:

Vg = 0.0V,
L = 0907y

P =LtV =(0.707)? Py =0.5Psy

When a current is first induced in a conductor it sets
up 2 magpetic field around the conductor which
opposes the field responsible.for the initial current.
The creation of the second magnetic field induces a
current opposite the iaitial current, thus impeding the
current. This effect is negligible for wires but much
more significant when current is applied to coils. The
result is that more energy is required to induce a-
current in a coil. This energy must however be
conserved.

When the applied current is removed, the second
magnetic field collapses, inducing current in the same
direction as the applied current. This effect is called
electrical inertia, oc inductance. Thus the extra energy
required to induce the initial current is released and
conserved.

These two principles combine to form Lenz’s Law.
We see examples of this effect when we first start up
electric motors (e.g. the lights dim slightly fora
moment after turming on the vacuum cleaner),

. B=oa0T

1 020mfe - ¢ cla—

(035 m ——ef

In the above diagram, if the wire.is pushed through
this field to the left, an induced emf will not be
generated until the magnetic flux through the loop
starts changing. This occurs when the left side of the
loop exits the field. Fucthermore, the loop must travel
perpendicutir to the field in ocder to induce a voltage.
At the point that an induced emf is generated, it can
be shown that £ = Bév is mathematically equivalent

to £= —AA% for a loop such as this. This equation is

known as Faraday's Law. This law states that the
magnitude of the induced emf in a circuit is directly
proportional to the rate of change of magnetic flux,
For a circuit made up of ¥ loops, the formula

~

AD L
becomes £=-N w0 where the negative siga is

added to satisfy Lenz's law requirements for the
direction of induced emfs. Another aspect of induced
emf is the effect it has on electric motors as they spin
faster and faster after being turned on. As the
ammature in a motor. begins to turn, it begins to
generate an induce emf, which according to Lenz's
Law, acts in opposition to the voltage supplied to the .
motor. The so-called back emf or ¥}, limits the .
speed of the motor and provides a kind of internal

‘resistance. This chianges the flow, which also keeps

"the current it the aff down near nable

levels. The back emf of 2 wotor is calculated using

the following:

V;& S£~Ir, where £ is the emf supplied to the
motor, [ is the current through the armature, and 7 is
the armature resistance,

At startup, 2 motor has not yet generated any back
emf (the ar is not yet spinniag) and so the
above formula becomes 0=£~fror = fr.

This is fesponsible for the lacge current surge in a
motor that has just been turned on. [a fact, it is not
good for most motors to be turned on for extended
periods of time with their armatures held stationary.
The lacge current that results can damage the coils
inside the motor through overheating.
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!

24.

23.

26.

27.

The direction of 2 magnetic field is determined to be the direction in which

a positive charge would tend to move.
a negative charge would tend to move.
the north end of 2 compass needle would point.
the south end of a compass needle would point.

vawp

Which diagram shows the inagnetic field created near a conductor carrying current towards
the right?

A beam of positively and negatively charged particles enters a magnetic field as shown.. Which
paths illustrate the positive and negative charges leaving the magnetic field region?

I

Beam of charged
particles

A

B. I It
C. I I
D. II I

A solenoid has a length of 0.30 m, a diameter of 0.040 m and 500 windings. The magnetic
field at its centre is 0.045 T. What is the current in the windings?

A 2.9A
B. 3.0A
C. 21A
D.. 170 A

C

C

28. An aircraft with a wingspan of 24 m flies at 85 m/s perpendicular to a magnetic field.
Anemfof 0.19 V is induced across the wings of the aircrafi. What is the magnitude of the

magnetic field?

A 93x107°T
B. 5.4x102T
C. 6.7x107'T
D. 3.9%102T

29. As a carpenter drills into a beam, friction on the drill bit causes the armature of the drill to

slow down. How will the back emf and the current through the armature cliange as the drill
slows down?

A. Increase Increase
B. Increase Decrease
C. Decrease Increase
D. Decrease Decrease

30. The diagram shows a bar magnet falling through an aluminum pipe. Electric currents are
induced in the pipe immediately above and below the falling magnet. In which direction do
these currents flow?

| L7 Falling bar magnet

4

Ny JW Aluminum pipe

© 0w
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24. What are the units of magnetic flux?

A T
B. Wb
C. T-m/A
D. N-m/c?

25. The diagram shows a magnet suspended near a solenoid. After the solenoid has been
connected to a power supply,
towards the solenoid.

the magnet rotates to a new position with its south pole pointing

Before After

Which arrows show the direction of the current in

the solenoid and the direction of the
magnetic field caused by this current?

O awp

[\
alwis fw

26. The diagram shows a conductor between a

pair of magnets. The current in the conductor flows
out of the page.

In what direction will the magnetic force act on the conductor?

A.. up the page

B. down the page
C. towards the left
D. towards the right

27. A charged particle travels in a circular path in a magnetic field. What changes to the magnetic

field and to the velocity of thie particle would both cause the radius of its path to decrease?

A, increase i increase
B. increase decrease
C. decrease increase
D. decrease decrease

28. The diagram below shows two coils in a magnetic field.

29.

Coils perpendicular to magnetic field ) Coils parallel to magnetic field

An electric current can be induced in the coil oriented with its plane

A. parallel to a constant magnetic field.

B. parallel to a changing magnetic field.

C. perpendicular to a constant magnetic field.
D. petfpendicular to a changing magnetic field.

An electric motor is connected to a 12.0 V power supply. When the armature is prevented

from rotating, the current is 8.0 A. When the motor is running at normal speed, the current
is 2.0 A. What is the back emf in each case?

BACK EMF WHEN:STATIONARY BACK EMF WHEN RUNNING
A. ov 9.0V
B. oV 3.0V
C. 12v .0v
D. 12v _ : 30V

Sb



30. The diagram shows a 0.010 kg metai rod resting on two long horizontal frictionless rails

which remain 0.40 m apart. The circuit has a resistance of 3.0 Q and is located in a uniform

0.20 T magnetic field.

B=0.20T

B

=0.010 kg

Find the initial acceleration and maximum velocity for the rod.

V=15

v

A. 40 m/s? 190 m/s
B. 40 m/s? 300 m/s
C. 120 m/s? 190 m/s
D. 120 m/s? 300 m/s

C\

’ J
] I ] [ ] N [ ] [ ]

AUCUST 200 O
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24. Identify the magnetic poles labelled L and R in the diagram shown.

A. North North

B. North South

C. South North

D. South South

— 25.. The diagram shows current J flowing in 2 circular coil located in a magnetic field.
x ¥ “ pe X §
I
XN P
X% X X
I

A A X XX N

The magnetic force acting on the coil will tend to cause it to

A.

B.
C.
D

26. An aircraft whose wingspan is 15 m caries a static chas
perpendiculartoa 1.5x 10™*

expand.
contract.

move up the page.
. move down the page.

experience?

A. 0.022N

B. 0.060 N

C. 0.54N

D. 9.6x10°N

rge of 0.60 C. -It travels at 240 m/s
T magnetic field. What magnetic force does the ajrcraft

C_ 0

A—‘Rv\\R
L) ~



27.

28.

29.

30.

An undeflected electron beam strikes the centre of a cathode ray tube. A solenoid placed
beside a cathode ray tube causes the electron beam to strike the screen at position X-

25. Which of the following diagrams bést represents the magnetic field in the region between the
two permanent magnets?

What changes to the magnitude and direction of the current in the solenoid would cause the .
electron beam to strike the screen at Y? A.

A Increases Remains the same

B. Increases Reverses

C. Decreases Remains the éame

D. Decreases ‘ Reverses C.

TANUARY 2004
ELECTROMAGNETISM

A coil having 150 turns and a cross-sectional area of 0.042 m? is oriented with its plane

perpendicular to a 0.12 T magnetic field. If the field increases to 0.66 T in 0.25 s, what emf’
is induced in the coil?

A. 9.8V
B. 14V
C. 20V o
D. 320V -

An electric motor rotates at various speeds and the current through the armature changes
accordingly. Which pair of conditions occurs when the motor generates the greatest back emf?

B

the page?
A.
A, Fastest Largest
B. Fastest Smallest [ <t
C. Slowest Largest
D. Slowest Smallest
C.
A transformer connected to a 120 V ac supply has 7 000 primary and 350 secondary windings.
It delivers a secondary current of 2.4 A.. Find the primary current and secondary voltage. [ ~—¢
A. 0.12 A 6.0V
B. 0.12A 2400V
o 48 A 6.0V ~
n AR A 74V

B.

26. In which diagram would the current-carrying conductor experience a magnetic force out of

[ ~—(=2%m

kb



. P . .
27. A coil of 25 turns of wire is suspended by a thread. When a current flows through the coil, the 29. A dc motor has a resistance of 2.0 Q2. When connected toa 12 V source, Wt;.:h the mct: :arth
tension in the thread is reduced by 4.0%10* N, rotating at its operational speed, a back emf of 5.5 V is generated. What is the current in the
) motor at operational speed? :

A 28A
B. 33A
C. 60A
D. 88A

j« 0.25 m >

30. The 5.2 m long metal rotor blades of a helicopter spin at 6.0 revolutions per second
SRS GRS X perpendicular to the earth’s magnetic field of 4.7x107 T.
F0.15m >

What are the magnitude and direction of the current?

MAGNITUDEOF CURRENT | DIRECTION OF CURRENT
Al 0.16 A clockwise .
B. 0.16 A counter-clockwise
C. 4.1A clockw'ise
D. 4.1 A counter-clockwise
28. A bar magnet is moving toward a solenoid. What is the magnetic flux swept out by the rotor blades in one revolution and what is the emf
induced between the axis and tip of a rotor blade?
MAGNETIC FLUX ‘EMF INDUCED
A. 4.0x10° Wb 2.4x1072 Vv
B. 4.0%107 Wb 4.0x107° v
What is the direction of the current through the galvanometer and what is thé direction of the C. 2.4%102 Wb T 2.4x1072V
magnetic field produced by this current at location P inside the solenoid? D, 2.4%102 Wb 4.0x107 v
DIRECTION OF THE CURRENT DIRECTION OF THE MAGNETIC
THROUGH THE GALVANOMETER FIELD ATP
A. FromXtoY Right : -
B. From X to Y ' Left ’
C. From Y to X Right
D. From Y to' X Left
. | C}
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ELECTROMAGNETIS M
27. A 500-turn circular coil with an area of 1.54 x 1072 m?2 is perpendicular to 2 0.060 T field. The
. : . magnetic field changes to 0.020 T in the opposite direction in 0.12 s.
24. 'Which of the following devices commonly uses a solenoid? )
A, Kettle . ) B, =0.060T
B. battery . :
C. television set
D. incandescent bulb
25.

An electron, travelling with a constant velocity,

¢ enters a region of uniform magnetic field.
Which of the following is not a possible pathway? ¢

B=0.020T
Initial Final
Al B.
What is the average emf induced in the coil?
v .
& -
electron --- A 5.1x107% v
electron B. LOx10?V
C. 26V
D. 51V
c. &b--- D. -
electron electron

28. A metal block moves with a constant speed in a uniform magnetic field.

® 8 2 o« » ﬁ
v
°

Which side of the block is positive?

A. JK

B. KL

C. LM

D. MI
A to the left.
B. to the right.
C. up the page.
D.

down the page.
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ELECTROMAGNETISM
29. A 120V dc motor has an armature resistance of 5.0 Q and draws 6.0 A when it is operating
normally. What is the starting current of the motor and the back emf when it is operating?
- 24. Transformers are commonly used in which electrical device?
A. 6.0 A 30V
A. toaster
B. 60A LAY B. television set
C. 24 A 0V C. falectric kettle
. - - D. incandescent bulb
D. 24 A FIAY

25. In which diagram would an external magnetic field, B , cause two current-carrying wires to
. o :
30. A 0.75 m conducting rod is moved at 8.0 m/s across 2 0.25 T magnetic field along metal rails. move towards one another?
The electrical resistance of the system is 5.0 Q. A t I l I B. T I I

. X * . - - - - - -
X « .
X o elfe ofle o

X X . ' o ofle ofle ..

B

X
X X X X
X X X X
X X X X
X X X X
X

wl

What are the magnitude and direction of the current through point X?

U U B i U B
A. 0.16 A Left
B. 0.16 A Right
C. 030 A Left
D. 030 A Right

Ql



. 26. When there is no current in the solenoids, the electron beam in the cathode ray tube strikes the

screen at the origin O.

In order to move the beam to position P,
current applied?

(4 Sotenoid M

which solenoid is used and what is the direction of the

SOLENOID CURRENT DIRECTION
A. M w
B. M X
C N Y
D. N Z

27. A solid conductor travels at 150 m/s across a uniform 0.045 T magnetic field. Which side is
positively charged and what is the emf across this block?

v=150m/s<—.—

POSITIVE SIDE EMF
A. X LoV
B. X 47V
C. Y .oV
D. Y 47V

~

28. A motor operating at full speed draws a current of 4.0 A when connected to a 110 V source.
The motor has an armature resistance of 3.5 Q. What is the back emf at full speed?

29.

30.

A 14V
B. %6V
C. 110V
D. 124V

An ideal transformer with 120 V,_ on the primary coil supplies power to the resistor R. If this
resistor dissipates 35 W, what is the current in the primary coil and in the secondary coil?

1500 turns

A6

CURRENT IN PRIMARY CURRENT IN SECONDARY
A. 0.29 A 029 A
B. 0.29 A 8.8A
C. 88A 0.29 A ’
D. 88 A 88 A

What is the magnitude of the magnetic force on the L-shaped conductor?

I=25A

A. ON
B. 6.0x10N
C. 85x10N.
D. 1.2x107'N

B=0.020T
“~— [=25A

Nel
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26. A 0.20 m long solenoid has 750 tums of copper wire and the magnetic field near its centre is
ot . . .. -2 . . . :39
23. The direction of the magnetic field is the direction of force on a . . measured to be 3.0 x 107" T. What is the current flowing through the solenoid?

A. north magnetic pole. A L6A
B. south magnetic pole. B. 64A
C. positively charged particle. C. 32A .
D. negatively charged particle. D. 160A

24. What is the direction of the magnetic force on an electron moving near a current-carrying
wire as shown?

I .
©
'
27. A 0.050 m long conducting wire is moved through a 1.5 T magnetic field as shown below.
A, left F B
B. right
C. into the page
D. out of the page

X X X x X
X X X x X

What is the magnitude of the emf generated between its ends, and in what direction do the

25. A 0.40 kg metal slider is sitting on smooth conducting rails as shown below. electrons in the conductor initially move?

EMF (V) DIRECTION OF ELECTRON MOVEMENT
B=3.0T A 023V towards F
J r D B. 023V . towards G
«—| T | I o k,g | i C. 45V towards F
! .D. 45V towards G

What is the magnitude and direction of the acceleration of the slider? (Ignore friction.) ’ . i

MAGNITUDE DIRECTION
A. 0.42 m/s® left
B. 0.42 mys? right
C. 3.8 m/s? left
D. 3.8 m/s? right -

. ¥ /‘ . ) .
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28. The circular loop of wire shown below has an area of 0.40 m? and is in 2 0.60 T magnetic
field. This field is increased to 1.40 T in 0.25 s.

9 - » e ° *
. " * ’ 25. Which of the following best describes the ﬁaghetic field inside a current-carrying solenoid as
» you move from A to B. i
a ° - i ° N » s s & °
B =0.60T B;=140T
Determine the emf produced in the loop and the direction of current.
EMF(V) DIRECTION OF CURRENT
A 13V clockwise DIRECTION MAGNITUDE -
'B. 13V counter-clockwise A. consiant ) constant
C. 32V clockwise B. constant . changing
D. 32V counter-clockwise C. changing . constant
D. changing changing
29. The load on an electric motor is gradually increased. Which one of the following quantities
decreases? (Input voltage remains constant.)
26. A section of conductor is carrying a current due south, as shown below.
A. curment —
B. backemf . ’
C. ammature resistance ‘
D. heat produced by armature F
I 1
30. The graph below shows how the emf produced by an ac generator varies with time. At which

point in time is the rate of flux change in the generator the greatest?

Due to the presence of a magnetic field, the conductor experiences a magnetic force to the
emf right. What is the direction of the magnetic field?

A left -
¢ B. right
a b v C. iato the page
- D. outof the page

COw»
ao ow

ol

-
.
-



27. A charged mass is accelerated to various speeds and then passed through a perpendicular © 29. Youare using an electric drill to put a hole in a piece of wood when it hits a tough spot.
magnetic field. Which of the graphs below is the best representation of how the radius of its o

The drill slows down and its motor heats up. Which of the choices below describes what has
circular path through the magnetic field varies with speed? happened to the ba.z?k emf and current?

A r B.r C.r D. r BACK EMF CURRENT
A. increased increased

B. decreased decreased

v v v v C. increased decreased

D. decreased increased

30. Which of the following combinations in the primary coil of an ideal transformer causes an emf
28. The single rectangular loop shown below is being pulled into the magnetic field at 2.0 m/s. to be developed in the secondary coil?
Determine the emf developed in the loop. : ' '
= . ) CURRENT- MAGNETIC FIELD
B=070T e -
X X X X X X A. constant constant
X X X X X X015m B. constant changing
X X X X x| x ol changing constant
2.0 m/s <— 0.080 m - -
X X X X X{Xx D. changing changing
XX X X X X
X X X X X X
A, 0017V
B. 011V
C. 0.21V
D. 0.64V



~ | ~
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27. The current through a solenoid is varied and the resulting magnetic field at its centre is
recorded in each case. A graph of the magnetic field versus the current is produced.

24. Alength of conducting wire is moving perpendicular to a magnetic ficld as shown below.

: . L] L] . ﬁ
.

.d}: . . .

. - 1 . ..

Which of the following does not affect the size of the emf produced between the ends of -
the wire? :

A. speed of wire

B. length of wire

C. thickness of wire

D. magnetic field strength

— 25. Which of the four diagrams below correctly depicts the magnetic field found on either side of a —_— 28.

current carrying wire?

A. ! ‘ B. C. D. !
X X ] X X x . L . o« o [ X X
X X X X X . ¢ o . o o X X
X X X X X . o o . . X X
X X X X X . o e

29.

26. Charged particles having momentum Py, pass perpendicularly through a magnetic field and
their circular path has a radius of r. What would the radius be for particles with the same
charge having momentum p, = 2p?

A, 2r

1
B 7 r
C. ar
D r

B

I

Which of the following represents the slope of this graph?

A.

B.

oV
[}
N
Ko
HoB
N
-
N

A refrigerator condenser motor draws a 10 A current at startup (armature not rotating) when
attached to a 110 V source. When the motor is operating at normal speed the current is 0.20 A.
What back emf is the motor producing at this normal speed?

o0owpy

100V
108V
1ov
112V

The secondary coil in an ideal transformer has 5 times as many windings as the primary. If the
current in the primary is 0.40 A, deterrnine the current in the secondary, and the type of the

transformer.
CURRENT IN SECONDARY TYPE OF TRANSFORMER
A. 0.080 A step-up
B. 0.080 A step-down
C. 20A step-up
D. 20A step-down

QJ

-
L



30. A circular loop of resistance 1.2 Q is pulled a distance of 0.40 m into a perpendicular magnetic
field as shown below,

x X x x x x

X X X x

X b X

X b3 x X

X X x x x
- =
B=0.80T B=080T

An average current of 0.50 A is produced in the coil during this event. Calculate the constant
speed with which the coil was pulled.
A. 0.10 m/s
B. 0.75m/s
C. L9m/s
'D. 2.4mfs

b
ma MEe SNl SaBa SEE M e
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ELECTAOMAGNETISM
24. Which of the following are correct units for magnetic flux?
A. T
B. T/m
C. Wb
D. Wb+n?

25. A conductor is placed in a magnetic field as shown.

x ri
L * ¢ s B=025T
030m 020m e
. Ji=154
— What are the magnitude and direction of the magnetic force acting on this conductor when it
: carries a 15 A current? :
MAGNITUDE OF MAGNETIC FORCE DIRECTION OF MAGNETIC FORCE
A, 075N To the left —
B. 075N To the right
C. L.IN To the left-
D. LEN To the right
26, Consider the 800-turn solenoid shown in the diagram below.
3 030m »

What is the current in the windings that would produce a magnetic field of 0.060 T at the centre

of this solenoid?

A 3.0A
B. 8.0A
C. 18A
D. 290 A

S{ ‘>
Ve

e



27. The path of a charged particle in a uniform magnetic field is circular when the initial velocity is

28.

perpendicutar to the field.

=
x x x x x x B

x X
x x
X X
X 4 X

x x x x x x

Which of the following is a valid expression for the radius of this orbit in terms of the magnetic
field strength, and the particle’s momentum and charge?

A. Bgp
B. &
q
c 2
p
p. L
Bq

A rectangular loop of wire is placed in a magnetic field as shown in the diagram.
x x x x x x B=040T

T x[x  x  x x [x

x x X X x X

0.20 m

x x x x x X

_L X X X X X X

X X X X X X

f——0.35 m —>
If the loop is removed from the field in a time of 0.050 s, what is the induced emf?
A, 0028V
B. 028V
C. 056V
D. 57V

29, A direct current motor operates from a 24.0 V supply. When the motor is operating the current

30.

through it is 1.50 A and the back emf is 22.0 V. What is the resistance of the motor’s

armature?
A 075Q
B. 13Q
C 15Q
D. 16Q

A certain step-down transformer has a 500-turn primary that operates at 120 V ac. Which one

of the following sets of conditions could describe the secondary tums and voltage of this

transformer?
SECONDARY TURNS SECONDARY VOLTAGE
A. 400 96V
B. 400 150V
C. 2000 0V
D. 2000 480V

0]
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. 27. A positively charged object (¢ =1.6x10™” C} is travelling at 1.9x10* m/s perpendicular to a
24. Which one of the following diagrams best illustrates the magnetic field produced by a

. . 1.0x10” T magnetic field. If the radius of the resulting path is 0.40 m, what is the object’s mass?
current-carrying wire? . .
A. B. A 34x107 kg
' B. 3.1x10" kg
. C. 21x107 kg
D. 0.77kg
i -
!
C X x x x D . . . .
X x % x et e 28. A conducting rod of length 0.25 m is moved to the right at 6.0 m/s as shown in the diagram.
x x®, % . . ® .. The induced emf is 3.0 V.

25. What is the direction of the magnetic field at point P due to the bar magnet? '
)

X

1 X

2 x
P —

3 x

Al What is the magnitude of the magnetic field and which end of the conducting rod, 1 or 2,
B. 2 becomes positively charged?
C. 3
D. 4 MAGNETIC FIELD POSITIVELY CHARGED END
) " ) . A. 1.50T 1
26. The diagrams below each illustrate a magnet and a conductor. In each case, the current in the :
conductor is out of the page. In which of these situations will there be a force on the conductor B. 1.50T 2
that points toward the top of the page?
P P pee C. 20T 1
D. 20T 2

Y
P



29.

30.

cowy

A coil consisting of 50 loops of radius 4.0x107 m is placed with its plane perpendicular to a

magnetic field that is increasing at a rate of 0.20 T/s. What is the magnitude of the emf
induced in the coil? :

A. 00010V
B. 0.0s50Vv
C. 040V
D, 13V

One hundred turns of wire are wrapped around an iron core with a cross-sectional area of
0.0015 m*. The ends of the wire are connected to a resistor producing a circuit with a total
resistance of 10.0 Q2.

N =100

A=0.0015 m*

If the magnetic field in the iron core changes from 3.0 T towards the left to 1.0 T towards the
right, how much charge flows in the circuit?

0.030C
0.060 C
0.30C
0.60C

AVGUST 3003
ELECTROMAGNETISM

24. Identify the magnetic poles 1 and 2 of the current-carrying solenoid in the diagram bcfow.

25. Determine the direction of the ma

A w »

POLE | POLE2
North North
North South -
South North
South South

diagram below.

COowy

Towards the left
Towards the right

Towards the top of the page
Towards the bottom of the page -

gnetic force on the current-carrying conductor in the

» Qf



26. A beam made up of fons of various charges and masses enters a uniform magnetic field
as shown,

-
x x X x B

One type of ion is observed to follow path 2. Which path describes the one taken by an

oppositely charged ion with twice the mass and twice the charge? (Assume all ions have the
same speed.) :

A. Pathl
B. Path3
C. Path4
D. Paths

27. A step-down transformer is required to operate a 12 V, 25 W halogen lamp. Which of the
following sets of conditions could apply to this transformer?
A. N,=20, N,=200
B. V=120V, [, =021A
C. [,=21A, [,=21A
D. V,=120V, [, =021 A

C

/
2 amme samma

D

28, A 0.25 m wire is perpendicular to a uniform 0.20 T magnetic field. What force is exerted on

this wire when it carries a 15 A current?

29. As switch S is closed, in what direction does the compass needle point and what is the direction

ocowy

0.12N
075N
JON
6.0N

of the current through resistor R?

30. One method for determining masses of heavy ions involves timing their orbital period in a
known magnetic field. What is the mass of a singly charged ion that makes 7.0 revolutions in

o 0w >

COMPASS NEEDLE DIRECTION CURRENT DIRECTION THROUGH R
west ‘ From 1 to 2
west From 2 td i
east From [ to 2
east From2to 1

1.3x107 s ina 4.5x10™ T field?

A,

B.
C.
D

2.1x10™ kg
13107 kg
6.5x10% kg
5.0x10% kg

P

;

—
v—,
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27. A 0.40 m length of copper rod is held perpendicularly to a 0.082 T magnetic field as shown,

ES
» 25. Which of the following best represents the magnetic field between two magnets? (K
A, R=47Q
0.40m 0.25m
V=12V
X

" The copper rod is connected to a 12 V power supply and a 47 otun resistor. What are the
magnitude and direction of the magnetic force on the copper rod when the switch is closed?

C.
A, 5.2x107? left
B. 52x107 _ right
C. 8.4x1073 left
o D. 8.4x1073 right
. o irecti ic fi t flows in the
26. Whlch.of the four arro?ws indicates the direction of the magnetic field when current flow: 28. A 0.35 m length of a conducting rod is moving perpendicular to a 0,026 T magnetic field
solenoid shown below? : as shown. -
B=0026T
% —_
0.75m
035m -
_l__ A
AW fe 0.50 m {
I - gl
B. X
C Y ! . g .
D Z What is the potential difference as measured across the ends of the conducting rod?
A 0OV
B. 0064V
C. 0091V
b. 0.13Vv

)
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. ELECTROMAGNETISM
29. Which of the four situations below shows the greatest amount of magnetic flux for a
rectangular coil? '
. . 24. Protons and electrons travelling at high speeds enter a magnetic field parallel to their direction of
A. B .

travel. Which of the following is correct?

A. Only protons are deflected.

B. Only electronsare deflected.

C. Both protons and electrons are deflected.

D. Neither protons nor electrons are deflected.

25. Which of the following diagrams best shows the orientation for a set of four compasses placed
around a current-carrying wire? '

30. Anideal2.25W transfonﬁer changes 120 V to 4.5 V for use in portable electronic devices.

What is the current in the secondary windings and the ratio of primary coils to secondary coils
in this transformer?

C.
A,
B. 050 A 1027
C. 20A 27t !
D. 20A 1to27.

26. An electron travels at a speed of 1.4x 10* m/s while following a circutar path of radius
0.020 m perpendicular to a magnetic field, What is the strength of the magnetic field?

A 00T

B. 4.0x107°T
C. 63x107T
D. 4.1x107%T

P —

C\

7

\; —
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30. A 0.034 kg copper rod is hung by two wires and placed in a constant magnetic field. A current

27. A potential difference of 22 V is placed across a 570-turn solenoid that has a resistance of 14 A runs through the 0.050 m long copper fod, making it hang at an angle of 34° from the

of 4.9 Q. The solenoid has a diameter of 0.052 m and is 0.37 m long. What is the magnetic
field strength in the centre of this solenoid?

A. 87x107°T
B. 62x107%T
C. xiotT
D. 30x107'T

28. A 200-turn copper coil of radius 0.050 m is perpendicular to a 0.087 T magnetic field.

The magnetic field collapses to zero in 0.63 s. What was the average induced emf in the coil
during the collapse?

A 00V
B. Lix107°V
C. 022V
D. 14V

29. The coil of a motor has a resistance of 4.1. The motor is plugged into a [20 V outlet, and
the coil develops a back emf of 118 V when rotating at normal speeds. Find the current when
the motor first starts up and the current when it is operating at normal speeds.

A. 049 A 049 A

B. 049 A 29A

C. 29 A 049 A

D. 29A 29A . -

vertical as shown below.

oblique view

wl

m=0.034kg

i

1
)

L

I\

343

i

]

1

i

]

]

I

side view

What is the magnetic field strength holding the copper rod in this position?

oCow >

27x107' T
32x107' T
39x107' T
48%107' T

wl

U
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24. What particles make up the beam in a cathode ray tube?

"25.° A coil of copper wire is wrapped around a compass as shown. Whic
needle point when current flows through the coil?

26. Protons move in circular paths of radius 1.2x 10 m when travelling perpendicular to a
8.5%107 T magnetic field. What is the speed of these protons?

A

B.
C.
D

’ s
A SN R S L _—_ Ran A -

oow»

Tow»

atoms
protons
neutrons
electrons

N

9.9%10' m/s
42x10° m/s
9.8x10* m/s
1.8x 10" m/s

C

h way will the cormpass

27. A magnet is moving towards an aluminum ring.

Aluminum ring

In which way will the current flow in the labelled portion of the ring as the magnet
moves towards the ring?

A.

B.
C.
D

towards 1
towards 2
towards 3
towards 4

28. A 240 V motor draws 9.0 A of current at start up. At normal operating speeds the same
motor only draws 2.5 A, What is the back emf of this motor at normal operating speeds?

A.

B.
C.
D

0.0V
67V
170v
240V

29. A transformer is made up of 200 turms in the primary windings and of 50 tumns in the
secondary windings. The primary voltage is 120 V and the secondary current is 0.12 A.
What is the primary current and secondary voltage for this transformer?

()

g .

o 0 = >

PRIMARY CURRENT SECONDARY VOLTAGE
0.030 A 30V
0.030 A 480 V
048 A 30V
048 A 480 vV




C

30. A coil moves at a constant velocity across a region of magnetic field as shown.

2

Which of the following best shows the emf vs. time graph for the emf induced in the coit
as it moves from 1 to 27

A.

emf B. emf 2 2

TN -

S



TANUARY 2000
WRITTEN RESPONSE

. 1. Two masses are connected by a light string over a frictionless massless pulley. There isa
WRIT TEN coefficient of friction of 0.27 between mass rm and the horizontal surface,
m=2.0kg.

RESPONSE

QUESTIONS

a) Draw and label a free body diagram showing the forces ‘acting on mass my. (2 marks)

ks
b) What is the acceleration of mass m,? (5 marks)

© 2. Al70kgcart and rider start from rest on 2 20.0 m high incline,

a) How much energy is transformed to heat? (5 marks)

b) What is the average force of friction acting on the cart? (2 marks)

, - . O &
C, - *

; A
j AENE $SNSER $4$SEe
R s




Cable 1

What is the tension in each of these cables?

=

Cable 2

A 5.0 kg rock dropped near the surface of Mars reaches a speed of 1S m/s in 4.0 s.

a) What is the acceleration dye to Bravity near the surface of Mars?

b) Mars has an average radius of 3.38 x 105 m, What is

the mass of Mars?

5. Acharge g of 30.0 UC is moved from point X to point Y.

—————— 8.00m —————]

(fixed) -

T 0,=+70.0 uC

3.00m -

l ke

Y

How much work is done on the 30,0 MC charge? (l uc

@ q9=+30.0pC
Tx A

=1x10% C)

7 marks)

2 marks)

(5 marks)

(7 marks)

- The circuit shown consists of an 8.00 V battery and two light bulbs. Each light bulb dissipates

5.0 W. Assume that the light bulbs have a constant tesistance. Switch S is open.

Lamp A

Lamp B

I=150A

a) Ifacument of 1.50 A flows in the circuit, what is the internal resistance # of the battery? )
: ' (4 marks)

I



b) The switch S is now closed,

@ Lamp B

; Lamp A
Q)
. T
€=8.00V! — .
L 8
1
r i :
.- !
I=1L350A

Lamp A will now be

i) 7] brighter.
(] the same brightness as before.
(J dimmer.

(Check one response.)

The battery’s terminal voltage will now be

if) (7] greater than before.
[J the same as before.
[ less than before.

(Check one response.)

¢) Using principles of physics, explain your answers to b).

(1 mark)

(1 mark)

(3 marks)

C

7. The diagram shows a coil with 25 windings and dimensions 0.15 m by 0.20 m. Its plane is
perpendicular to a maguetic field of magnitude 0.60 T.

Before ) After

/]
B=060T
— If the coil rotates 90° in 4.17x 1072 s so that its plane is now parallel to the magnetic field,
) what average emf is induced during this time? (7 marks)
8. A student plots the graph below, showing the kinetic energy E, of a motorbike versus the
square of its velocity v2. ‘
20 000
£
10 000
0 200 400
v? (m?/s?)
a) What is the slope of this graph? (2 marks)
,\\‘ ) —
e _ ) .

4 } J -



b) What does the slope represent? _ (2 marks)

¢) Using the axes below, sketch the graph of kinétic energy E, versus velocity v for this
motorbike. There is no need to plot any data points. (1 mark)

E, ]

-~

9. Aclassmate insists a book cannot be held against a wall by pushing horizontally as shown in
Diagram A. He insists that there must be a vertical force component provided by pushing
against the book from below, as shown in Diagram B.

Diagram A Diagram B

Using principles of physics, show that the situation in Diagram A is reasonable. (4 marks)

bl
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i L A75kg Olympic skier takes 20 s to reach a speed of 25 m/s from rest while descending a

uniform 16° slope.
X

~

16°

What is the coefficient of friction between the skis and the slope surface? (7 marks)

3. A uniform 6.0 m-long boom has a mass of 55 kg. It is kept in position by a restraining cable
attached three-quarters of the way along the boom.

Cable

What is the tension in this cable when the boom supports a 150 kg mass as shown? (7' marks)

2. Two steel pucks are moving as shown in the diagram. They collide inelastically.
- 4. A space shuttle is placed in a circular orbit at an altitude of 3.00 x10° m above Earth’s
Before Collision After Collision surface
. . L a) What is the shuttle’s orbital speed? (5 marks)
Determine the speed and direction (angle 8) of the 1.3 kg puck before the collision. (7 marks)
\ ) °
- C C O
' - [ [ ] ]
- MM AN M RN SEE AN Mk MR ANE O SAs aEe  ame
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b) The space shuttle is then moved to a higher orbit in order to capture a satellite

Original orbit

The shuttle’s speed in this new highet orbit will have to be

[T} ereater than in the lower orbit.
{77 less than in the lower orbit,
{TJ the same as in the lower orbit.

(Check one response.)

(1 mark)
¢) Using principles of physics, explain your answer to b)

(3 marks)

-

5. 2) How much work is done in moving an electron frot point X to point Y?-

(5 marks)
@ = ®
electron 0=-5.0x10"¢C
X Y
f—0.50 m —>t 1.00 m -~
b) What is the potential difference between point X and point Y? (2 marks)
6. A currentof 1.50 A flows through the 40.0 Q resistor.
R=60Q
L=150A
v = R,=10.09§ Ry=40.0Q

Ry=40Q -

What is the potential difference of the power supply? (7 marks)

1T



8.

7. A transformer has 840 primary and 56 secondary windings. The primary coil is connected to a

110 V ac power supply which delivers a 0.30 A current to the transformer.

a) Find the secondary voltaée.

b) Find the secondary current.

The data table shows the velocity of a car during a 5.0 s interval.

0.0 L0

2.0

3.0

4.0

5.0

12 15

s

20

21

a) Plotthe data and draw a best-fit straight line.

v(m/s)

(4 marks)

(3 marks)

(2 marks)

t(s)

b) Calculate the area bounded by the graph and the time axis between ¢ = 0.0 s and

t=5.0s.

¢) What does this area represent?

(2 marks)
(1 mark)
_ _b
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9. A mass is suspended by a string attached to a spring scale that initially reads 14 N as shown in
Diagram 1.

Sorin Qcale 1. An aircraft heads due south with a speed relative to the air of 44 m/s. Its resultent speed over
Pring the ground is 47 m/s. The wind blows from the west.

a) What is the speed of the wind? ' (4 marks)

Rope

b) What is the direction of the aircraft’s path over the ground? (3 marks)

As the mass passes point Q, how will the reading on the spring scale compare to the previous

2. A space vehicle made up of two parts is travelling at 230 m/s as shown,
value of 14 N? Using principles of physics, explain your answer. (4 marks)

Flzookg,tiSOkg > TQ»
v=230m/s

An explosion causes the 450 kg
as shown. :

1200 kg 450 kg —
-v=280m/s

part to separate and travel with a final velocity of 280 m/s

a) What was the momentum of the space vehicle before the explosion? (2 marks)

)
W



b) What was the magnitude of the impulse on the 1 200 kg part during the separation?

(3 marks)

¢) Using principles of physics, explain what changes occur, if any, to the
i) momentum of the system as a result of the explosion. (2 marks)
if) kinetic energy of the system as a result of the explosion. (2 marks)

3. Auniform 1 200 kg steel girder is supported horizontally at its endpomts as shown in the
diagram,

Container
ontaine Steel girder

Support A Support B

b 8.0 m >} 24.0m -]

What are the upward forces at the girder end points when it is bearing a 3 700 kg shipping
container 8.0 m from support A? (7 marks)

4. A 4.00x10 kg object is lifted from the earth’s surface to an altitude of 3.2 x 10° m

How much work does this require? (7 marks)

(Diagram not to scale.)

I



5. A proton, initially at rest at point X, will have what speed at point Y? (7 marks)
+3.5x10°° C Proton v
- S
Fixed charge X Y
——1.0m > 2.0m —»|
6. What is the power dissipated in the 8.0 € resistor in the circuit as shown? (7 marks)

80.0 V R=120Q

i

Ry =12.0Q

Wy

R,=10.0Q
WA !

R=8.0Q

7. The magnetic field at the centre of a solenoid of length 0.25m is 1.2x10™ T, The cument in
the windings is 7.5 A.

a) How many windings does the solenoid have? (4 marks)

b) Ifthe cross-sectional area of the solenoid is 8.5 x 10~ m?, what is the flux through it?
(3 marks)

8. The graph shows the light energy E; emitted by a bulb versus time ¢,

E.(J) 56 851
48 .

40

32

24

16

8

0
0.0 1.0 20 3.0 40 50 60 70"

t(s)

2) Find the power output of the bulb, (2 marks)

b) If this bulb is 20% efficient, find the power delivered to the bulb. (3 marks)

. 9.. Inyour summer job with the Ministry of Transportation and Highways your supervisor has told
you that street signs should no longer be suspended as shown in Diagram A. In order to save
money, he would prefer a shorter, perfectly horizontal cable, as shown in Diagram B,

Diagram B

Diagram A

Usiﬂg principles of physics, argue that the situation in Diagram B is not reasonable, (4 marks)

St
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1. A35N force applied at 21°

to the horizontal is used to pull a mass as shown,

35N

PR AR

The coefficient of friction between the floor and the mass is 0.15,

a) Draw and label a free body diagram showing the forces acting on the mass.

(2 marks)
b) What is the acceleration of the mass? (5 marks)

2. A 360 kg roller coaster car travelling at 18 m/s collides inelastically with a stationary 240 kg
‘ car on a section of horizontal track as shown i

n the diagram below.

my =360 kg m, =240kg

To what maximum hej

ght, &, do the combined cars travel before rolling back down the hill?
(Assume no friction.)

(7 marks)

ey

({ )

3. An object of mass, m, is suspended by two cords connected to a wall and to 2 5.0 kg block
resting on a table as shown.

A coefficient of friction of 0.47 exists between the 5.0 kg block and the table. What is the
maximum mass, m, that can be hung from the cords before the 5.0 kg block begins to move?

(7 marks)

4. @) Mars has amass of 6.37x10% kg and a radius of 3.43x10° m. What is the gravitational
field strength on its surface?

(4 marks)

b) What thrust force must the rocket engine of a Martian lander exert if the 87.5 kg spacecraft
is to accelerate upwards at 1.20 m/s? as it leaves the surface of Mars? (3 marks)



8. During a motor vehicle accident an unbelted passenger experiénced a force which varied with

3. Electric charges are amranged as shown in the diagram below, time as shown on the graph.
Q=7.5x10%C _ 0, =-2.5x10"¢ C i
; @ Force vs, Time
25000
""—— 020m ;f‘ 020m ‘—)‘ Force (N) 4
‘What is the electric field (magnjiudc and direction) at point P midway between the charges? ) : :
15 000 f
(7 marks) - A
' 10 000 '
6. In the circuit below, resistor R dissipates 0:40 W. Resistors R, and R; are identical. N
. 5000
P,=0.40W 0 MR
0 0.10 - 0.20 0.30 0.40 0.50
R,=10.0Q Time (s)
12.0V—= . .
( ' . R, R, a) Calculate the area of the shaded region in the graph, (1 mark)
R,=15.00Q
What is the resistance of R,? (7 marks)
7. a) A proton moves with a speed of 3.6 x10% m/s at right angles to a uniform 5,0x10~5 T
magnetic field. What is the radius of curvature for the motion of the proton? (5 marks)
b) Describe the path of the proton in the magnetic field and use principles of physics to
explain the proton’s motion. : (4 marks)
) b) What does this area represent? (2 marks)

KT



e . TUNE 2001
c) If the passenger was wearing a seatbelt properly, the maximum force would have been one

third the force experienced without the seatbelt. Sketch on the graph below how the force WRITTEN RESPONSE WX oS
on the belted passenger might have varied with time. (2 marks)

1. A 3.0 kg mass hangs at one end of a rope that s attached to a support ona child’s wagon as
shown in the diagram. The wagon is pulled to the right. (You may ignore air resistance.)

Force vs. Time

rope
25000 A
Force (N) ! \\
L
20 000 7 “
15 000 } v
{ \ . _
10 000 7 '\\
! T B [
. [ ‘ g L ol e ) S
5 000 i \ .
1 \ ] a) Draw and label a free body diagram showing the forces acting on the mass, (2 marks)
0
0 0.10 0.20 0.30 0.40 0.50 »
Time (s) b) What is the acceleration of the wagon? (3 marks)
9. Geostationary satellites appear to remain stationary to an observer on Earth, Such satellites are — ) On the diagram below, sketch the position of the mass when the cart reaches a constant
placed in orbit far above the equator. ] ' velocity of 6.5 m/s. (1 mark)
eI T
/ .
[
A}
AY
e -~ e e e memmmm

Using principles of physics, explain why such satellites all have the same orbital radius.
(4 marks)’

d) Using principles of physics, explain why the mass will be in this position. (3 marks)

P
I hY

]

i ——

(]

: AR
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2. Sally is driving south in her 2 500 kg pickup truck at 3.8 m/s when she collides with Willy
driving west in his 1 200 kg car at 4.5 m/s. .

2500kg

ve = 3.8 m/s

vy =4.5m/fs

The two vehicles lock together and slide over the wet parking lot. Find the speed and d'u'ectio.n
of the damaged vehicles immediately after the collision. (7 marks)

3. Auniform 12 kg beam of length 3.00 m holding a 45 kg mass is attached by a wire to a wall
as shown.

What is the tension in the wire? (7 marks)

4. An 884 kg satellite in orbit around a planet has a gravitational potential energy of ~5.44 x 10 J,

The orbital radius of the satellite is 8.52 x 10% m and its speed is 7.84 x 10° m/s.

a) What is the mass of the planet?

b) What is the kinetic cnérgy of the satellite?

¢} What is the total energy of the satellite?

(3 marks)

(2 marks) _

(2 marks)

oC|



5. Electric charges 0, and @, are ba.rranged as shown in the diagram below.

0 =75%x10%C Q, =-2.5x107%C b
.
[ 020 m e 0.15 m ——|
What is the electric potential at point P? (7 marks)
6. The current through the 50.0 Q tesistor in the circuit below is 0.14 A.
R =10.0Q
e i et . Ry =50.0Q
1 ]
! P R, =33.0Q ,,0_14A§ R, =68.0Q
r=0.80Q, i
1 t
| -
a) Determine the emf of the battery. (5 marks)
b) Determine the power dissipated in the battery's internal resistance. (2 marks)

C,

Protons travelling at 2.2 x 10° m/s enter at right angles to a magnetic field. The field is

produced by 2 0.16 m long solencid. A current of 5.3 A flows through the 820 turns of wire of
the solenoid.

a) What is the magnetic field in the solenoid? - 3 max:ks)

b) What is the radius of curvature of the proton beam in the magnetic field of the solenoid?
: v (4 marks)

A rectangular loop is suspended by a spring scale between magnetic poles. The loop is

0.60 m wide by 0.120 m high.

As the current in the loop is varied, the readings of the spring scale and current are plotted
on a graph.

6.0

5.0

4.0

30

20

Force of Spring Scale (N)

0 1.0 20 30 40 50 6.0
Currentin Loop (A)

a) Whatis the weight, in newtons, of the loop? (1 mark)
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b) What is the slope of the best fit line?

(2 marks) , L. A 0.50 kg ball is thrown at 42

above the horizontal at 19 m/s from a stationary hot air balloon
25 m above the ground,

——— -
~
N
b N
<4
\
\
\
A\
A\
\
\
\

¢) What is the magnitude of the magnetic field? (2 marks) \*

fe— Range »
— What is the range? (7 marks)

A student decides to investigate how electric field varies along the line connecting two positive

point charges. Charge Q, is greater than charge Q. 2. A rocket motor, capable of generating a 24 N-s impulse, is attached to a stationary frictionless

. . 3.0 kg cart. The rocket motor is ignited. :

Q 103 . . N

a) What will the velocity of the cart be immediately after the rocket motor burns out?

(3 marks)
Using principles of physics, describe the electric field along the line from Q0 Q. (4 marks)

b) What is the resulting kinetic energy of the cart? (2 marks)

c) A frictionless cart of larg
an identical rocket moto

er mass will end up with less kinetic energy when powered by
r. Using principles of physics, explain this result. - (4 marks)




3. A24 kg beam of length 2.4 m leans against a smooth wall. A horizontal rope tied to the wall
and the beam holds the beam on a frictionless floor as shown.

/// Smooth wall

Beam 3.5 ’

Frictionless

floor \ .
1 \ A

Rope

a) Draw a labelled free-body diagram for the forces acting on the beam. (2 marks)

* b) What is the tension in the rope? (5 marks)

4. A spacecraft of mass 470 kg rests on .the surface of an asteroid of radius 1 400 m and mass

12 ;
2.0x 10 kg. How.much energy must be expended so that the spacecraft may rise to a hei ght
of 2 800 m above the surface of the asteroid? (7 marks)

)

C C

. -. 5. Abeam-of electrons is directed to a region between oppositely charged parallel plates as shown

in the diagram below.
| 012m }
9V [ ]
____________ Y
________ N T 0.020 m
Coov@ -
0V 380V

a) The electron beam is produced by accelerating electrons through an electric potential '
difference of 380 V. What is the speed of the electrons as they leave the 380 V plate?

(3 marks)

b) What is the electrostatic force on electrons in the region between the horizontal plates
when they are connected to a 9.0 V potential difference? (4 marks)
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‘ 6. A 12V battery transfers 33 C of charge to an external circuit in 7.5 s.

2) What cumrent flows through the cicuit? (@ marks) 7. Anelectron travelling at 7.7 x 1'06 m/s enters at right angles into a uniform magnetic field.
' . Inside the field the path of the electron has a radius of 3.5 x 1072 m.
a) What is the magnitude of the magnetic field? (4 marks)
b) What is the resistance of the circuit? (2 marks) .
i
c). What is the power output of the battery? (2 marks) i
i .
fa— b) If the magnetic field is produced at the centre of a solenoid by a current of 0.62 A, what is
. the number of turns per unit length of the solenoid? (3 marks)
r
d) The external circuit is most likely to consist of :
(7 abulb.
(3 akettle.
[j a calculator,
(Check one response.) (1 mark)

e



8. Asacompound bow was drawn back, the applied forces and displacements were recorded.

F(N) 0 31 65 84 122 | 160 | 186 180 1 (75 | 184 | 180

d(m) 0 005 | 0.10 | 0.15 | 020 | 0.25 030 ) 035 | 040 | 0.45 | 0.50
a) Plot a force vs. displacement graph below, (2 marks)

F (N} )
0 T T T T [ E
0
d{m)

b) How much energy was stored in this compound bow? (3 marks)

C\

:/ L

4ER SEm e

q
-

Poimm,
4 B

)

9. Two identical light bulbs, wired in parallel to a battery, are equally bright. When one of the
bulbs buns out, however, the other bulb is observed to glow brighter. Using principles of
physics, explain why the battery causes the remaining bulb to glow more brig_htly. (4 marks)

»-~.)

T
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1. A 65 N force is applied to a 5.0 kg object as shown.

65N

p~0.25

The coefficient of friction between the object and the horizontal sucface is 0.25.

a)’ Draw and label a free body diagram showing the forces acting on the object. (2 marks)

b) What is the acceleration of the object? . s marks)

2. A water slide is made so that swimmers, starting from rest at the top, leave the end of the slide
travelling horizontally as shown.

One person is observed to hit the water at a horizontal distance of 6.0 m from the end of the
slide 0.45 s after leaving the slide. The effects of friction and air resistance are negligible.

a) From what vertical height, A, did the person start? . (5 marks)

|
]

b) Another slide has the-same vertical height, A, as the original slide, but has a much steeper

slide angle.

Steeper slide

Original slide

The same person is observed to go down this steep slide. Using principles of physics,
explain how the new horizontal distance from the edge of the slide compares with the first
situation. The effects of friction and air resistance are negligible. (4 marks)

3. The crane shown in the diagram below is made up of a strut and a restraining cable. The strut
is uniform in cross section with a length of 6.0 m and 2 mass of 85 kg.

restraining cable

"What is the tension in the restraining cable while the crane is supporting a 150 kg load?

(7 marks)

€|



_4; What minimum energy is réquired to take a stationary 3.5 x 10° kg satellite from the surface of
the Earth and put it into 2 circular orbit with 2 radius of 6,88 x 10° m and an orbital speed of

7.61x10° m/s? (Ignore Earth’s rotation.)

5. A 12 V battery from a car is used to operate a 65 W headlight.

a) How much energy does the headlight use in 1.5 hours?

b) What total charge passes through the headlight during this time?

time period?

6. What is the potential difference across the 6.0 Q resistor in the circuit shown?

V=80V

.

L

¢) What is the total number of electrons that

pass through the headlight during this

15.0Q

§ 7,0Q

Wy

5.0Q

Wy

9.0Q

(7 marks)

(2 marks)

(3 marks)

(2 marks)

(7 marks)

§ 6.0Q

()

7. A proton travelling at 2200 m/s enters a 0.15 T magnetic field perpendicularly.

a) What is the magnitude of the proton’s acceleration while travelling through the

magnetic field?

b) What is the radius of the proton’s circular path while travelling through the magn

(4 marks)

efic field?
(3 marks)

8. A constant voltage is applied to an electric motor being used to lift a series of masses onto a
truck. The current through the motor and its back emf are recorded for each different load.

This data is shown below.

1(A) Vaaek (V)
L5 98
35 84.
5.0 76
6.0 70
8.0 . 54

a) Plot the data on the graph below and draw the best fit straight line.

100 ~
Vback (v) =]

b) Determine the magnitude of the slope of the line.

¢) What does the magnitude of the slope of this line represent?

;

- N

(2 marks)

(1 mark)

(2 marks)

. —_
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9. In sports such as golf, tennis and baseball, a player exerts a force over a time interval on a ball, v
2 shown on the graph in order to give ta high s ' L. A'projectile is launched towards a wall as shown in the diagram below.

F(N)
i W .7 -
! rf}‘o’ e
9 L 4 v
35°
0 >
0 (s
© f— 400m —
Players are instructed to “follow through” on their swing. A weaker pléyer may not exert as
large a force but may give the ball a higher speed than a stronger player.
. . . . . . . . . 9 :
a) Sketch on the graph below how a weaker player can overcome the force handicap. With what velocity (magnitude and direction) does the projectile hit the wall? a m arks)
(1 mark)
e
FN) Do 2. A 0.50kg ball starting from position A which is 7.5 m above the ground, is projected down an
! t _— incline as shown. Friction produces 10.7 J of heat energy. :
— ' ' |
K \ The ball leaves the incline at position B travelling straight upward and reaches a height of
: ¢ 13.0 m above the floor before falling back down. .
/I \\\
0 >
0 . «(s) _F {3
b) Explain how the player can impart a greater impulse on a ball. (3 marks)

13.0m

7

.5 '

|

What was the initial speed, Vo, at pasition A? Ignore air resistance. (7 marks)

~
2

w.
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3. The crane assermbly shown in the diagram below consists of a uniform 4.0 m long 65 kg strut

and a restraining cable. b) What would be the effect experienced by the astronaut if the space station rotated faster so

that the period of rotation was decreased? Explain your predicted effect. (4 marks)

restraining cable

5. What is the electric

potential difference between points P and R due to the fixed point
charge Q7

(7 marks)
strut . P \
. . [ ]
What is the maximum weight W that can be supported by this crane if the maximum tension ’
that the restraining cable can withstand is 2400 N? The vertical rope is strong enough to 0-%
support any required load. ' (7 marks) : 2
' R
. ®Q=2.0x107C
e 0.40 m ——]
4. A space station of radius 90 m is rotating to simulate a gravitational field.
. 6. Each of the two cells shown is connected to an external 6.00'S? resistor.
Y ' Cell A Celi B

fmm - ——

v

:

i
600Q

)

1

'

a) What is the period of the space station’s rotation so that a 70 kg astronaut will experience v
anormal force by the outer wall equal to 60% of his weight on the surface of the earth?

With supporting calculations, state which cell delivers the greater power to the 6.00 § resistor.
(5 marks)

(7 marks)

am—
w
A~



7. A coil of wire containing 50 loops is lying on a flat surface in a 0.60 T magnetic field pointing

P directly into the surface.

X X X X X X X X
X X X X X X X X

X
X
X
%
X

X

X

X X X
X X X
X
X, XP X
X X

X
X X X
X X X

X X X X X X X X

The magnetic field then changes to a value of 0.10 T in the opposite direction in 2.10s.
What is the average emf induced in the coil during the time that the magnetic field was

changing?

(7 marks)

8. As a formula one race car accelerates uniformly from rest, its momentum is recorded at regular

time intervals, This data is shown below.

Time (s) plkg-m/s)
0.50 3800
1.0 8300
L5 11 500
20 16 800
25 19 000

g. CONTINUED .. -\ -

"a) Plot the data on the graph below and draw the best fit straight line. ‘

20 000 '
p(kg-m/s) .

b) 'Deterrnine the slope of the line (include units).

¢) What does the slope of this line represent?

C
; A
]

2.0

Time (s)

(2 marks)

(1 mark)

(2 marks)

w
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9. Asteel rod passes through a region where a magnetic field exists. 1. Two masses are connected by a light string passing across a frictionless pulley as shown in the

diagram below, The coefficient of friction between mass my and the horizontal surface is 0.35.

X X X X
N X x x x my = 1.50 kg
| X X X X -
X X X X =~
v .
—_— X X x X
; X' X X X
y X X X X
] p =0.35 ‘| my =0.80 kg
1 X X X %
= X X X X
The rod slows as {t passes through the magnetic field. Using principles of physics, explain why a) Draw and label a free body diagram showing the forces ag;ing on mass my. (2 marks)
this happens. (4 marks) . “ e
b) -What is the tension in the connecting string? (5 marks)

2. A3.00 kg object initially at rest explodes into three fragments as shown in the diagram below.

20m/swest: 7

1.30kg

15 m/s south

What are the speed and direction of the 0.80 kg fragment? (7 marks)

) 1+ |



3. A uniform 2.4 m beam RQ has a mass of 3.0 kg. The beam is hinged at Q and held in place by 5. A helium nucleus having twice the charge and four times the mass of a proton is travelling with
a horizontal cord attached at R. A 5.0 kg mass is suspended 0.50 m from R. ' - high velocity when it enters a sét of charged plates as shown.

oV I )

Helium nucleus ) o l

__-Cg:)———-——» ———————— 0.12m

4

230V | —
! |
k< 0.30m |

a) Find the magnitude of the acceleration of the helium nucleus due to these plates. (S marks)

What is the tension in the horizontal cord? : (7 marks)

4, A 720 kg communication satellite is in synchronous orbit around the planet Mars. This

synchronous orbit matches the period of rotation so that the satellite appears to be stationary b} A proton travelling at the same velocity as the helium nucleus is then sent through these
over a position on the equator of Mars. What is the orbital radius of this satellite? (7 marks) same plates. Explain, using principles of physics, why the acceleration of the proton is
. _ larger than that of the helium nucleus. (4 marks)
Planetary Data for Mars
Mass:  6.42x10%kg
Period of rotation: 8,86 x 10%s
- | - - T
/ ) ) —



-6. How much energy does the 6.0 Q resistor dissipate in 15 seconds in the circuit shown?

15.0Q

(7 marks)

Wy

V=120V '4"‘

§9.09 §6.0Q

5.0Q

1. The single square loop of copper wire with a resistance of 0.20 Q has a current of 0.30 A due

to a continuously increasing magnetic field.

f—o0.50 m—s]

B

f7=0.30 A

R=020Q * |+ =« » o

At what rate, in T/s, is the magnetic field increasing?

(7 marks)

[ )

8. The first colonists on Mars conduct a physics experiment by dropping a small mass (from rest)

and recording its displacement at regular time intervals. This data is shown below,

d (m) t(s)
0.30 0.40
0.60 0.60
120 0.80
1.80 1.00
2.70 120

2) Plota graph of displacement versus time squared and draw the best it straight line.

5.0 1

4.0

d(m) 3.0 1

(2 marks)

b) Determine the slope o

¢) Based on this experiment, what is the acceleration due to gravity on Mars?
i

f the line.

(2 marks)

(_1 mark)

24|



TANUARY 2003
WRITTEN RESPONSE QUESTIONS

9. Identical blocks are placed on inclines as shown. The coefficients of friction between the
blocks and the inclined surfaces are identical.

1. A blue ball rolls off the cliff shown below at 10 m/s and hits the ground with a speed of 30 m/s.

<——-—;——>l

Both blocks are then pushed to the top of each incline at the same constant speed. Using
principles of physics, explain which block required more work to reach the top of the incline.

(4 marks)
o ) a): What is the vertical component of the ball’s impact velocity? (4 marks)
b) How high (h) is the cliff? ) (3 marks)
PN ——
N ) J ~+
L// aE e s
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2. a) A 0.120 kg ball travelling at 11.0 m/s impacts a solid massive steel wall, The ball bounces
straight back at 8.9 m/s. -

Before After

—:O——'—">

v=110 m/s

v=89m/fs

If the ball was in contact with the steel wall for 0.17 s, what is the magnitude of the force
that the steel wall imparted on the ball? (5 marks)

.

b) An identical ball with the same initial speed as in part a) is then thrown towards a glass
window. The glass window cracks and the ball stops in 0.17 s.

Using principles of physics, explain which ball, from part a) or part b), experiences the
greater force, (4 marks)

~ | I

3. The 8.0 m uniform beam shown below, suspended horizontally by two ropes, has a mass
of 75 kg.

t
1
[}
g o
0%
;' h rope 2
rope 1 \ 240

L G

}«2.0 m»|

} 8.0m ]

Determine the tension in rope | and the tension in rope 2. (7 marks)
— 4, A 12000 kg spaceship is 7.2 x10° m from the centre of a planet that has a mass of

5.1x 10" kg.

7.2x10° m

M=51x10% kg

The spaceship gains 9.0x 10" J of kinetic energy as it falls to the planet’s surface. What is the
radius of this planet? (7 marks)

1+ |



5. A proton, accelerated from rest through a potential difference of 1.2x10* V,
* fixed 5.0x10° C charge.

a) What is the speed of the proton as it leaves the parallel plates?

.

b) What is the distance d from the fixed charge when the proton is stopped?

6. The terminal voltage of the battery is 5.8 V.

8.0Q

35119 E§l6Q

a) What is the emf of this battery?

b) What is the effect on the emf of the battery when switch S is opened?

is directed at a

(Diagram not to scale.)

(4 marks)

(3 marks)

(6 marks)

(1 mark)

N\

7. A rectangular wire loop with a resistance of 0.60 Q is pulled out of a magnetic field at 7.0 m/s

as shown in the diagram.

}<0.20 m>{
X X X
X X X
X x x
X X x
X X x

v=70m/s

a) What is the current in the loop?

b) What is the direction of the current in the loop?

D clockwise

D counter-clockwise

~

)

N
A NI SR ah N am

| e

R=0.60 Q

B=035T

(5 marks)

(2 marks)

S
/ ]
N

[ ]

——
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8. The following data is collected in a kinematics experiment using a toy car.

t(s) 0.20 | 0.30 | 040 | 0.50 | 0.60 | 0.70 | 0.80 | 0.90
v(m/s) | 035 | 046 | 059 | 0.70 | 0.83 | 094 | 1.10 | 1.18
a) Plot the data on a v vs. t graph and extrapolate your line back to ¢ =0.
v (m/s)
t(s)

b) What is the displacement of the toy car from ¢=0 to ¢=0.90s?

c) What does the y-intercept of the graph represent?

(2 marks)

(2 marks)

(1 mark)

-

9. A mass suspended by two ropes is shown below. Itis noticed that for any angle 6 used for

rope 2, the tension in rope 2 is always greater than the tension in rope 1.

Using principles of physics, explain why this is the case.

(4 marks)

v



jUNf d 00 3 . ) 3. A wrecking ball is suspended by two cables as shown below. If the wn;ion in cable 2 is
WRITTEN RESPONSE QUESTIONS 12000 N, what is the weight of the wrecking ball? (7 marks)
T

- 1. A 2.2 kg can of paint is projected up an inclined plane with an initial velocity of 1S m/s as
i shown below.

cable 2

a) Determine the magnitude of the force due to friction which acts on the paint can as it slides

L 4. A 3.2x10* kg spacecraft is in a circular orbit of radius 6.68xX10° m around the earth.
up the incline, (2 marks)
— B
- ~
b) Determine the magnitude of the net force on the paint can as it slides up the incline, -
. (3 marks)
R=6.68x10°m
‘ ¢) Determine how far the paint can slides up the incline before stopping. (2 marks)
a) Calculate the period of this spacecraft. (5 marks)
b) If thi aft i ) i i i
2. A 6.0 kg ball having a kinetic energy of 192 J was travelling due east when it underwent an ) 15 spacecraft is then placed into an orbit of the same radius around the mmoon,
oblique collision with a stationary 2.3 kg ball. The 2.3 kg ball travelled at 3.6 m/s at an angle
of 47° north of east after the collision. : -y
v=3.6 mfs
o4
=23kg -~
m=60kg ™ g N R=6.68x10°m
O el |
E, =192 Y .- s
t 9
v="1 . . _
) explain how and why the period of this spacecraft would be different than when it was
(Diagram not to scale.) o orbiting the earth, (4 marks)
What was the velocity (magnitude and direction) of the 6.0 kg ball after the collision?
(7 marks)
o —
Pain Y { ) —'l:
l L] b A [ [ . IEEE K  aaah
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5. An electron with a speed of 3.3x10" m/s is directed between charged parallel plates as shown.

oV [ .
' E
e —
electron
156V £ ==

a) What are the magnitude and direction of the electrostatic force on the electron while it is

between the plates?

b) What is the magnitude of the acceleration of the electron while it is between the plates? )
! (2 marks)

6. The potential difference across the 10 Q resistor is 7.1 V.

71V
Q

12Q

a) What is the power dissipated by the 25 Q resistor?

b) What is the internal resistance of the battery?

(5 marks)

(4 marks)

(3 marks)

e e e s . e . §
} 0.080 m |

‘(K 420 turns -

“The magnetic field strength is increased over a 0.20 s interval, inducing an average emf of
1.8 V in the coil. What is the final magnetic field strength?

8. A small toy car is placed in a spring-loaded launcher.

(7 marks)

The force needed to compress the spring is recorded as a function of distance.

a) Plot a graph of force vs. distance using the data table shown.

Force (N) Distance (m)
7.5 0.020
13.2 0.035
14.8 0.040
19.1 0.050
23.0 0.060
29.5 0.080

(2 marks)

|



9. During a roller coaster ride, the riders move through two loops, the second being one-half the

radius of the first. The riders, however, travel at the same speed at the top of each of these two
loops.

Force (N)

v
-
H

Using principles of physics, explain why the riders would experience a greater normal force at
the top of the second smaller loop than at-the top of the first, larger loop. (4 marks)

. T N Distance (m)

b) Calculate the area under this graph from distance =0.0 m to distance = 0.080 m. (2 marks)

c) What does this area represent? (1 mark)

C ‘ _C . C_ =
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AUGUST 9003

WRITTEN RESPONSE QUESTIONS

L.

Determine the acceleration of the system of masses shown below when it is released. (7 marks)

36°

2. A motor using 3.7x10° W is 81% efficient. This motor is pulling a 450 kg block along a
horizontal surface. If the coefficient of friction is 0.35, what is the speed of the block?

(7 marks)
motor

' )

H1=035

3. A 15 kg store sign is hung usin.
each rope.

g two ropes as shown below. Determine the tension in

(7 marks)

4. A 1500 kg satellite orbits the moon at an altitude of 2.3x10° m.

moon
\

What is the period of the satellite?

(7 marks)

5. Two protons are initially held at rest 2.5x10™'° m apart,

®
k- 2.5% 107 m >

If one of the protons is released as shown below, what is its speed when it is 8.0x107' m
from the fixed proton?

®

(7 marks)
f————————— 8.0x10"m —_—
fixed proton

@

)G



7. A 0.120 m diameter coil consisting of 200 loops is placed in a 0.35 T magnetic field.

6. a) For the circuit below, what is the terminal.voltage of the battery? (4 marks)
: The magnetic field is changed to 0.25 T in the opposite direction in 0.80 s.

N =
e« + ¢ +« « B X X X x %X X B

1€=120V T ! _ :

: - §109 §10Q :
Vr=40Q :

1 . -

. ] R=33Q . R=33Q
Initial ) Final
b) Ifresistor R is added in parallel to the circuit as shown, what is the effect on the
terminal voltage? (1 mark) . . .
. What is the magnitude of the current through the 33 Q resistor connected to the coil?
(Ignore the resistance of the coil.) (7 marks)
"“"‘""l"""u : I
5 ! -
‘ , : § § R ) 8. A conducting loop is pulled at various speeds through a region of constant magnetic field
' ! strength, '
| 1
frommmees T X x x x x B
x x x x| x T
-~ 0.15m
J increase x ox X x|l x _L
[ change
) X X X x X
a decrease
A student measures the potential difference across the resistor in the loop for each trial and
records the following data,
¢) Using principles of physics, explain your choice for b). (4 marks) :
POTENTIAL DIFFERENCE (V) SPEED (m/s)
0.10 1.5
0.17 2.5
0.20 3.0
0.24 4.0
0.34 55
041 i 6.0




a) Plot a graph of the potential difference vs. speed.

Potential Difference (V)

b) Calculate the slope of your graph. (Include units.)

¢) What is the strength of the magnetic field?

Speed (m/s)

(2 marks) 9. A crate is being accelerated across a rough concrete floor by a rope as shown in position |
below. Itis noticed that when the rope is lifted to a smatl angle 8 as shown in position 2 the
acceleration of the crate increases (F remains the same).

F
— F —_— [ ]
Position 1 : Position 2
Using principles of physics, explain why this is the case. (4 marks)
(1 mark)
(2 marks)

z S|



JANUARY 2004
WRITTEN PESPONSE QUESTIONS

1. A system of masses is connected by a light cord passing over a pulley as shown in the diagram.

m =25kg

a) Draw a labelled free body diagram for mass my,

2. Anelectric motor and a TOpe ar

e used to pilll a 10 kg crate of car parts up an inclined plane as
shown below. The crate starts out from re:

st on the ground and ends up with speed v; ata
height of 4.0 m above the ground.

The graph below shows the force exerted

on the crate by the motor as it is pulled 10 m up the
inclined plane.

(2 marks) 65
z 504

' g

—_ - £
0 -5 10
Distance (m)
a) How much work is done on the crate by the electric motor from d =0 m to d = 10 m?
(3 marks)
b) What is the magnitude of the acceleration of the system of masses? (5 marks)
b) 150 J of heat energy is produced through friction during the 10 m pull. What is the final
speed of the crate at d = [0 m? (4 marks)
;o
R ()
r [ ] m— ——— S——

AR —— A A S m—
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3. A uniform 4.0 m long beam with a mass of 15 kg rests on a pivot at one end and is kept
horizontal by a cable at the other end. The beam is supporting a 25 kg mass as shown.

What is the tension in the cable?

15 kg beam

%

(7 marks)

RN

|<——-1.5m——>{

RN N\

4. A stationary 1.60x 10% kg vehicle is taken from the surface of the moon an

d placed into a

circular orbit at 2 height of 2.0 % 10° m above the surface of the moon. Its speed in this orbit

is 1.15x10° m/s, How much work is required for this process?

(7 marks)

5. The potential difference in moving from position a to position b (AV,,_,,,) in the diagram below

is equal to +400 V. Determine the size and polarity of the charge Q.

(7 marks)

f———40m } 50m —>{

(©) .
* a

"

6. The current through the 8.0 Q resistor shown below is 0.60 A. Determine the terminal
voltage of the battery, (7 marks)

5.0Q 70Q 8.0Q

1=0.60 A

7. A solenoid placed beneath a cathode 1ay tube as shown below produces a magnetic field
of 0.011 T on the electron beam causing it to hit the screen at position 1.

side view end view

SRR

bench

a) The electrons that make up the beam travel at 4.7 x10” m/s. What is the acceleration of
the electrons in this field? (S marks)

U



7b) The electron beam is then made to strike the screen at position 2. What two changes were
made to the current in the solenoid? State the effect on the electron beam produced by each
change. (4 marks)

side view . end view

it)

( same as before
[:] smaller than before

8. In an experiment, protons are accelerated to different velocities and then subjected to a constant
perpendicular maguetic field. The radii of the paths of the protons are measured against their
velocities. The data is shown below.

0.095 | 0.132 | 0.149 { 0.174

076 | 098 | 116 | 1.31

a) Plot the data on the graph below and draw the best fit straight line. (2 marks)

Graph of Radius vs Velocity

0.200

0.180

0,160 .

0.140
0.120

0.100

Radius (m)

0.080

0.060
0.040

0.020

0.000
0.00 020 040 060 080 100 120 140

Velocity (x 10° m/s)

b) Determine the slope of the line. (Include units.) ‘ (2 marks)

¢) Electrons replace the protons in the above experiment. The slope of the line will now be:
- (1 mark)
a larger than before
O same as before
O smaller than before

i

-

@
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9. An object is dropped from a significant height above the surface of the Moon. It is obsecved to

fall with increasing acceleration. Using principles of physics, give an explanation for this
observation.

(4 marks)

JUNE 900U
WERITTEN ZESPONSE RULESTIONS

1. Two masses are connected b

y a light cord passing over frictionless pulleys as shown in the
diagram below. :

—>a=15 m/s?

my = 40kg

a) Whatis m, if the systern accelerates as shown? (5 marks)

A block is then added to the system.

Block

b) Adding the block decreases the acceleration of t|

he system. Identify and explain two
reasons for this decrease.

(4 marks)

S|



2. A 4300 kg truck travelling at 21 m/s in the direction of 31° riorth of east collides with a

4 . . t . 5
stationary 1500 kg car. After the collision, the car has a speed of 15 m/s due east. What is the o 4. A 4.20x107 kg satellite orbits the at an altitude of 700 km (7'00 x10 m).
resulting speed of the truck? (7 marks)
700 km
Earth's surface
a) What is the satellite's orbital speed at this altitude? ' ' (4 marks)
3. Asign is suspended from the end of 26.0 m tong uniform pole of mass 25 kg as shown. B) What s the satellite’s total energy at this altitude? @ niarks)

If the mass of the sign is 36 kg, what is the tension in the horizontal restraining cable?

Reéstraining
cable

(7 marks)

5. a) Determine the electric potential, relative to zero at infinity, at point P, midway between the

two charges, shown below. ' (5 marks)
} 50m |
® 5 @
50 uC —20uC
| : 10.0m ]

b) How much work would it take to move a —15 puC charge from point P to a position
infinitely far away? . (2 marks)



6. The 8.0 Q resistor in the circuit shown below dissipates 45 J of heat energy in 5.0 s.
Determine the value of the resistor R.

=«

%3
Q

.0

(7 marks)

7. A 0.13 kg aluminum rod maintains contact with two vertical metal rails. A voltage is applied
across the metal rails and a horizontal magnetic field of 0.65 T exists across the whole

apparatus as shown.

What current must flow through the aluminum rod to have it remain stationary?

(7 marks)

"

8. A student uses a wrench to apply a constant force to turm a nut. He applies the force at various -
angles and measures the amount of torque produced at each of the angles.

| 0.60m

The torque data collected by the student along with the sine of the angles is shown below:

11 17

22 25 . )

0.42 0.66

0.86 0.98

a) Plot a graph of torque versus sin@ on the graph below.

261

(2 marks)

Torque

(N'm)

o] 020 040 0.60- 0.80

sin@

b) Calculate the slope of your line including units.

1.00

(1 mark)

¢) Use the slope of your graph to determine the amount of constaat force the student used

throughout his experiment.

(2 marks)



- AVGUST qooy .
WRITTEN RESPONSE QUESTIONS

9. A small plastic ball carrying a positive charge is held near a fixed large positively charged
sphere as shown below. It is then released. Explain how and why the acceleration.of the
plastic ball changes as it moves away from the sphere. (4 marks)

1. A 2.5 kg projectile is launched towards a brick wall as shown.

a) What are horizontal and vertical components of the launch velocity? (2 marks)

b) How much time does it take for the projectile to reach the wall? (2 marks)

¢) What is the projectile’s impact speed with the wall? 3 ks)
marks

et
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2. A 5.30 kg wagon is moving 4t 2.00 w/s to the right. A 0.180 kg blob of putty moving at
32.0 m/s also to the right strikes the wagon arid sticks to it.

a) With what speed will the wagon and the putty move after the collision? (5 marks)

b) Suppose the wagon had instead been struck by a ball with the same mass and speed as the
putty and the ball rebounded to the left after the collision. How would the speed of the

wagon compare with your answer to a)? Using principles of physics, give an explanation
for your prediction, (4 marks)

3. A 4.0 m long uniform pole with a mass of 15 kg is pivoted at one end and held in position by a
horizontal cable at the other end. If a 25 kg mass is suspended from the end of the pole, what is
the tension in the horizontal cable? (7 marks)

-~

4. A 7.5%10* kg space vehicle leaves the surface of the earth with a speed of 1.3x10* m/s.
What will its speed be when it is infinitely far from the earth? (7 marks)

|

5. A L0x107? kg styrofoam ball carrying 50 uC of charge is released from rest from
position A as shown in the diagcam below. (1€ =1x107C)

-40 uC

fixed )

f 20m } 3.0m

fh

50 uC
A
{

a) Determine the change in electric potential energy, AE,, of the ball as it moves from
position A to position B, (5 marks)

’b) What is the speed of the ball as it reaches position B? (v, =0at A) 2 mgrks)

6. The intemal resistance of the battery shown in the circuit below dissipates 10 W of power.
Determine the current through the 13 Q resistor. (7 marks)

13Q

7.0Q§

. . 10Q

291



7. A 480-‘tum circular coil of radius 0.075 m is placed in a perpendicular magnetic field of 0.72 T.
The coil is connected to a resistor of 35 Q as shown.

B=072T

R=35Q

a) Calculate the average current through the resistor as the coil is removed from the magnetic
- field in a time of 0.225. (6 marks)

b) In which direction will the current flow in the coil? (1 mark)

Q clockwise

D counterclockwise

@

8. A student measures the acceleration of a lab cart as it moves at different speeds around a
circular horizontal path. The data collected by the student is shown below:

ACCELERATION (ni/s?) 5.7 12.9 252 40 49.7 72

VELOCITY (m/s) 2.0 3.0 4.2 53 59 7.1

When a graph of acceleration versus velocity is plotted a curve results as shown.

a

a) Manipulate the velocity data and use it to plot a straight line on the graph below. (3 marks)

Acceleration (m/s?)

20 30

Velocity? (m?/s?)

b) Calculate the slope of this graph including units. (2 marks)




[

9. Explain why a 6.0 V battery feels warm to the touch when it is being used toruna
low resistance light bulb,

(4 marks)

291
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January 2000 Provincial Exaraination
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