Chapter 1: Introduction

Sl Units - Systeme International

I length - meter (M), mass - kilogram (kg), time - second (s)

I Learn prefixes for metric system:

Selected Prefixes used in the SI System:

Prefix Abbreviation Meaning Example

Mega M 10° 1 megameter (Mm) =1 x 10°m
Kilo- k 10° 1 kilometer (km) = 1x 10° m
Deci- d 10t 1 decimeter (dm) =0.1 m
Centi- c 102 1 centimeter (cm) = 0.01m
Milli- m 103 1 millimeter (mm) = 0.001m
Micro- m 10° 1 micrometer (um) = 1x 10°m
Nano- n 10° 1 nanometer (nm) =1x 10°m
Pico- p 102 1 picometer (pm) =1 x 10 m
Femto- i 10" 1 femtometer (fm) = 1x 10 m

Rules for Determining Significant figures in Arithmetic Operations

I For multiplication and division:
- Answver mug contain as many sig. figs as valuewith least nunber of sig. figs
-Ex. 1.39 x 2.7 = 3.8 (not3.753since 2.7 hasonly 2 sig. figs).

I For addition and subtraction:
- Answer mug contain same numbe of decimal places as value with fewest.
-Ex. 1.39 + 2.7 = 4.1 (not4.09since 2.7 only has 1 decimal place).

Note: When doing longcalculationswith several stepsthere is no need to roundoff the
answer after each step. Jug wait until you get thefind answer and then doiit.



Conveting Units

I Often when problem solving we need to convet the units before we reach the answer.

Problem 1:

An airplaneistraveling at 205m/s, wha isthis speed in miles/hr?
(1 mile= 1.609km)

(@ 0.127 mi/hr (b) 0.23 mi/hr (c) 459mi/hr (d) 460mi/hr

Problem 2:
A cubehas sidelength 2 x 10° nm. Wha isits volume in cubic meters?

(@ 2x10°m? (b) 2x 10* m° (c)8x10%m? (d)8x 10° m°

Coordinae Systems

I Cartesian - standad coordinates such as (X,y).

I Planepolar - based on length (r) andangle (! ) from reference point.

Trigononetry
snl = opposite
hypotenuse
cos! = adjacent
hypotenuse
tan! = opposite
adjacent

PythagoreaTheoremc? = a® + b?, for rightangle triangle



Chapter 2: 1-dimensional motion

Veodty

— |
AverageVelocity,v = %

Defined asthe change in distance over the change in time.

: lim 1x
InstantaneusVelocity,v = —
rt" Olt

Defined as thelimit of the average velocity as the time interval becomes infinitesimal.
Also defined astheslope of the tangent line to the curve at agiven time.

Speed isascalar quantity: meaning tha direction is irrelevant, only magnitudecouns.
Thus speed is defined as the magnitude of the velocity.

Acceleration

Averageb\cceleration,a = %

Instantaneous Acceleration, a = 't —

Equaionsfor 1-Dimensond Motion with Condant Acceleration

Ax=1(v, + VX
AX = Vot + L at?
V=V, +at

2 2
VS =V, + 2aAX

wherev, istheinitial velocityatt = 0



Problem 3:

Manchester is 350km north of London.An airplane traveling from Londonto
Manchester at a congant speed of 90 m/s experiences a 20 m/s wind tha blows dueeast
throughoutthetrip. To maintain the heading of due north, the pilot aimstheairplane at
some angle. How longwill it take theairplaneto reach Manchester?

(a) 3988mins (b) 66.5 mins (c) 55.1 mins (d) 4.0 mins

Problem 4:

A man jumpsof abridgeinto ariver 35 m bdow. Assuming the speed of soundin air is
340m/s, howlongdid it take a spectator standing on the bridgeto hear the splash from
the moment the man jumped?

@ 27s (b)2.8s (c)7.1s (d)7.2s

Problem 5:

Two cars are headed towardseach other onacollison course. Car A istravelingat 15
m/s, car B istraveling at 15 m/s. When they are exactly 100m apart, they both presson
the brakes providing each car with a uniform deceleration of 2.5 m/s*. Assuming neither
car swerves out of theway, how far apart are thetwo cars when they both stop?

(@ 90m (b) 50m (c) 10m (d) carscollide

Problem 6:

Ball A isthrown straight up at the same time Ball B is droppead from aheight of 50 m.
After 2.5 sthebdlscollide Wha wastheinitial velodty of Ball A?

(@ 10m/s (b) 15m/s (b) 20m/s (d) 25m/s



Chapter 3: Vectors and 2D Motion

Adding Vectors (Geometrically)

¥ Vectors can berepresented by an arrow tha indicates the magnitudeand direction
of thevector.

¥ To add onevector to another, place thefirst vector on a Cartesian scale and then
place thetail of the secondvector directly after thetip of thefirst vector.

¥ Now draw alineconnecting thetail of thefirst vector to thetip of the second.

¥ Thisnew linerepresents the vector producd by adding thetwo vectors togeher.

Adding Vectors (Algebraically)

¥ Split up each vector into its x andy components.
¥ A,=Acos!, A)=Asn!

¥ Sumupal thex andy components and use Pythagorean theory to calculate new
vector.

Projectile Motion

¥ Theheart of this chgpter deals with predicting theoutcome of two-dimensond
motion based on the equaionswe used for 1dimensiond motion.

¥ To solve questionsdedling with 2D motionyou mug split up each motion vector
into its x andy components, and then calculate the expected motion for each
dimenson before adding them up togeher.

Equations for Maximum Height and Range

(v, sin!
29
v, sin2!

Height=

Range=



Problem 7:

Two identical bullets are located exactly 1.00 m abovethe groundand are faced
horizontally, parallel to oneanother. Bullet A isfired fromagunandtravels horizontally
with a speed of 205m/s. At theexact same time, Bullet B isreleased from its postion,
but (unlike Bullet A) has no horizontal velocity and smply dropsto the groundbdow.
Which bullet, A or B, will hit the groundfirst?

Problem 8:

A boy standing ontop of a 50.0 m building throws a stonewith speed 8.0 m/s at an angle
of 420 degrees abovethe harizontal and watches as the stonefirst rises and then dropsto
thegroundbdow. How longisthestonein theair before it hits the ground?

(@ 19s (b)3.8s (c)76s (d)2.7s

Problem 9:

A missileisreleased from an F-16 Fighter Jet at ahaght of 2.50 km abovethe ground.
Themissileinitialy hasavelodty of 200 m/sandistraveling harizontally. A personis
standing directly beneath the F-16 when the missile is launched and watches as it
eventudly landson the groundahead of him. How far mug theboy travel to reach the
missile® center of impact and what isthemissile® speed as it hits theground?

(@ 452m, 221m/s (b)226m, 221m/s (c) 452m, 222m/s (d) 226m, 222m/s

Problem 10:

On earth, astationay bdl is kicked with initial velodty, vo, at an angle of 20; abovethe
horizontal and lands100m away. If this same bdl were kicked on plang X, where
gravity isdoubk tha on earth, at the same angle but doubk theinitial velodty, 2vo, how
far away would it land?

(@ 50m (b) 200m (c) 200m (d)400m



Chapter 4: Newton’s L.aws of Motion

Undeastanding Force

I There are two main classes of force:
- Contact Force: A force resulting from physcal contact (pushing, puling, kicking etc.)
- Field Force: A forceresulting from nonphyscal contact (gravity, electricity,

magnetism)

Sir Isaac Newton: A Brief History

! Bornanddied in England, 1642- 1727.
I Arguably history@® greatest physcist and mathematician.

I Discovered fundanental laws aboutmechanics, motion, light, and gravity tha are still
applicable today, and invented calculus

I Alsoatotal losr.



Newton® Three Laws of Motion

Newton®@First L aw:

An object will keep till or remain moving at a condant velodty unless a net forceis
applied toit.

I Theterm Qnet forceOimplies the vector sum of all external forces exerted on the
object.

I Thetendency for an object to maintain its origind state of motionis called inertia.

Newton® Second Law:

Theeffect of a force on an object free to move is to changeits momentumsuch that
force x time = momentum change produced.

I Thisbasicaly implies thefollowing equation:
"F= ma,
" F isthevector sum of all externd forces, m isthe mass, a istheacceleration.

I TheSl unit of force isthenewton, N.

I 1N = 1kg#m/¢&

I Weight, w, can bemeasured in nevtonsandis the produd of mass, m, andthe
acceleration due to gravity, g.

I S0, w=mg.

Newton® Third L aw:

Forces always occur in pairs, equal in magnitudebut acting in opposte directions

I Thismeanstha for every action force, there isareaction force.

I For example:

A brick fallstowardsthe earth because it experiences aforce exerted by earth dueto
gravity (thiscan referred to as the actionforce) and thusaccel erates downwards
Simultaneoudy, the earth experiences an equd force (thereactionforce) exerted by the
brick, also dueto gravity, and so the earth accelerates upwardstowardsthe brick.
However, since theearth@massis so large its accelerationis negligible.

TheNormal Force




I Carrying onfromthe previousexample:

Wha happensif thebrick isresting on atable?

Theforces dueto gravity are still in play, meaning tha the brick and the earth till
experience an attractive force. So why then does the brick notfall throughthetable?
Thereasonistha thetable itself exerts aforce onthebrick that is equd in magnitudeto
theforce which is pulling the brick towards earth.

I Thisforce exerted by thetable is caled the normal force, n, and is perpendicular to
thetable surface.

Applying Newton® L aws

I Thekey to solving questionsinvolving forces and/or motion is drawing a “free-body
diagram”.

I A free-bodydiagram shows the object in question and all the forces acting on it, but
nottheforcesthat it exerts onits surroundngs

| Tha way we are dedling only with theforces tha determinethe crate@® motion.

| Thenext step isto choo® a coordinae system that fits thediagram and to split all
forcesinto ther x andy components (this course doesn@deal with 3D motion).

I Findly, solve for theunknown variables.

Problem 11:

A car with mass 1500kg accelerates fromrest to a speed of 25 m/sandtravels 625 min
doing so. What is theresultant force onthe car from theroad?

(8) 7500N (b) 14700N (c) 16500N (d) 22200N

Problem 12:

A man with mass 100kg is standing onascae inddean elevator. If theelevatoris
accelerating downwardsat 4.9 m/s?, what readingwill the scale give for theman®
weight?

(a) 1470N (b) 980N (c) 490N (d)ON
Problem 13:



A bowling bdl weighing 15N is sugpendad from the ceiling by three ropes, as shown
bdow. If thebdl is stationay, wha isthetensonin each of thethree ropes?

(1) T(2)

T(3)

Problem 14:

A ded weighing 320N is pulled with aropeat a congant force of 85 N, at an angle of
60; abovethehorizontal for aperiod of 3 seconds Assuming the surface isfrictionless
andtheded wasinitialy ill, what isthevelodty of theded after 3.0 secondsand after
5.0 second®

(@ V;=39m/s, V=39 m/s (b)V;,=39m/s, V. =6.5m/s
(c) V;=54mls,V,=82m/s (d)V;=54m/s, V. =6.5m/s
Problem 15:

A cableisattached to astationa’y boxtha isresting on a 25j indine, as shown bdow. If
thebox has mass 3 kg, what isthetensonin the cable and the normal force exerted on
thebox (neglecting friction)?

mg
(8 T=267N,n=124N (b) T=124N, n=267N
() T=98N,n=182N (d)T=182N,n=98N
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Forces of Friction

I When aforceis applied to an object, another force arises tha resists the direction of

motion.

I Thisforce comes from theinteraction between the object and the surface or medium

throughwhich it istrying to move
I Wecdl thisforcetheforce of friction.

I There are two main types of frictiond force:

Static Friction

Imagineabrick lying still onaroad. If asmall horizontal force is applied, thebrick does
notmove Thereasonit remainstill is because another force counteractsit by actingin

the opposte direction. This opposngforceis called the force of static friction, f;.
I Aslongasthebrick remainsstill, fswill equd theapplied force.

I However, if theapplied force isincreased to a specific amount, theforce of static
friction gives way and the brick is allowed to move.

I Thismeanstha fs has alimit, which is defined by:

f, $ U X n

where i, is acondant called the codficient of static friction, and n is the magnitudeof
thenomal force exerted on the ohject by the surface.

I Therefore, if the object is not touching a surface, it cannot have a normal force,
and thus no frictional force either.

I Also, thecodficient 4 isavauetha dependssolely onthesurface and the olject on

which it isresting.
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Kinetic Friction

Continuing fromthe previousexample...

Imaginethat theforce applied to thebrick is great enoughto overcome f. This means
tha the brick will now start to accelerate in thedirection of theapplied force. However,
at this point another frictiond force arises tha also oppo®s thedirection of motion. This
forceis called theforce of kinetic friction, fi.

I Ingened, f isawaysless than f;.

I If theapplied forceis equd in magnitudeto fy, then the net force onthebrick is zero,
meaning that accelerationis zero and the brick will move at a condant speed.

I To determinefy we use thefollowing equation:

fk:uan

where Wy isthe codficient of kinetic friction,and n isthenormal force.

Remember these rules aboutkinetic friction, f, theapplied force, F, and acceleration, a:

I If fx<F,thena> 0, andtheobject will accelerate in thedirection of F.
I If fx>F, thena <0, andtheobject will decelerate in the opposte direction of F.

I If fx=F, thena=0, andtheobiject will travel in thedirection of F at acondant
Speed.

12



Problem 16:

A suitcase with mass 100 kg is placed ona40.0; indine If the codficient of static
friction between the suitcase and theindineis 0.220, what isthe minimum force tha
mug be applied to the suitcase (parallel to theindine) to stopit from diding down the
indine?

Note: for amore difficult version of thistype of problem, try applyingtheforce
perpendicular to theindine

(8) 125N (b) 326 N (C) 465N (d)55.8 N

Problem 17:

Congder two objects, A withm = 3.0 kg ison aharizontal table, and B withm =6.0 kg
isconnected to A by alightweight string and africtionless pulley system. Given tha pL
between A and thesurface is 0.35,and B isfalling vertically towardsthe ground,wha is
the acceleration of A? E. and caculate thetenson, T, in the string (why nat?)

Acceleration: (@ 9.8m/i (b)6.5m/$ (c)54m/is (d)4.9m/s
Tengon: (@) 88N (b) 29N (c) 26N (d)ON
Problem 18:

A flatbed truck moving donga horizontal surface at 10 m/sis trangporting planks of
wood. If thecoeficient of gtatic friction between the planksand thetruck@ surface is
0.40,wha istheminimum stoppng distance thetruck can have withoutthe planks
diding?

(@ 128 m (b) 100 m (©) 7.7m (d)4.9m
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Chapter S: Energy

Work
W =F| x X

I Defined astheproduct of the displacement and any parallel force component.

I Work doneis specific for each force applied and has units of Joules, J.
I Often iswritten as: W = Fcos! x %X,

where! istheangle between the direction and the force applied.

Problem 19:

A congant force of 100N is applied harizontally to a 20 kg block causng it to accelerate

alongahorizontd surface at 3.1 m/s>. What is thework doneby friction as the block
travels20 m?

(a) 38J (b) 760J (c) E88J (d) £760J

14



Kinetic Energy

KE = Y%mv’

¥ Any object with mass has kinetic energy if it moving.

| Can berelated to total (net) work done when there is a change in an object® speed:

WNet = %(E

Potential Energy

There are two types of potential energy we encounter this chapter:

¥ Gravitational Potential Energy, PE,, measures energy stored dueto height, h:

PE, = mgh
I Can berelated to work done due to gravity usngthefollowing equaion:

W, = - %PE

¥ Spring Potential Energy, PE,, measures energy stored by spring® compression
or extension, x:

PE, = “kx*

¥ Can berelated to spring’s force usng thefollowing equdion:
FS = = kX

Note tha k isthespring constant (measured in N/m) andis different for every spring

15



Conservation of Mechanical Energy

I Thesum of potential and kindtic energy before and after are equd to oneanother:

l KE+! PE=0

I Thisapplies ONLY when an object interacts via conservative forces, meaning tha
there are no frictional forces and/or externdly applied forces.

Problem 5:

A man swingsonal120-mropetha isinitially 310j fromthevertica. If he puses off
with a speed of 3.50 m/s, wha is his speed at the bottom of the swing?

(@ 4.20m/s (b) 5.51m/s (c) 6.77mls (d) 8.95m/s

Problem 20:

When a spring is compressed 10 cm from equilibrium it stores 120J of potential energy.
Wha compression (from equilibrium) would store 175 J for the same spring?

(@ 101 cm (b) 110 cm (c) 119cm (d)121cm

Problem 21:

A small solid bdl with mass 6.0 kg is pushed down africtionlessindine of length 5.0 m
tha makes a 30.0;j angle with thehorizontal. When it reaches the bottom theindine
levels off and thebdl compresses a horizontal spring a distance of 95 cm before
momentarily comingto rest. If thespring congant, k, is420N/m, what was theinitial
speed of thebdl jug after beng pushed?

(@ 790m/s (b) 3.8 m/s (c) L1m/s (d)Om/s

16



Conservation of Mechanical Energy (Nonconservative Forces)

I Often mechanical energy is not conserved dueto losses via friction, heat etc and/or
external forces (like pulling or pushing an object).

I Toreadjud theequaionfor conservation of energy when there are nonconservative
forces present use thefollowing modfied version

| KE+! PE = W,

Consrvative vs. Non-consrvative Forces

I Conservative: when work done W, isindependent of the path taken (ex. gravity).
I Non-conservative: when work done W,., depends on the path taken (ex. Friction,
Applied Forces).

Problem 22:

A crateisat rest onthetop of africtionlessindinetha is 15 m high. Thecrate is allowed
to didedown until it reaches the ground whereiit then travels an unknown distance, d, in
thehorizontal direction before comingto rest. If the codficient of friction between the
groundand thecrate is 0.250,calculate d.

(@ 60m (b) 55m (c) 48m (d) 40

Problem 23:

A block with mass 10 kg, is speeding dlongthe positive x-axis on aroughsurface at v =
+8.25m/swhen aforce, F = 100N, isapplied at an angd of 60 abovethenegative x-
axis. Despite the congant applied force, theblock travels adistance, d = +5.0 m before
coming into contact with a horizontal spring, k = 200 N/m, which isinitialy at
equilibrium on the surface, as shown bdow:

vV —>

If theblock findly comes to amomentary rest when the spring® compression is 50 cm,
what isthe codficient of static friction between the block and the surface?

(a) 0.83 (b) 0.64 (c) 0.50 (d) Thereisnospoon

17



Power:
I Defined astheamountof energy given over aperiod of time:

— W _ FIx

= = = Fv
It It

where power is given as an average in Js or Watts, W.

Problem 24:

A 25kg dogrunsupaflightof stairsin 11 seconds If each step is 25 cm high and there
are atotal of 15 steps wha isthedog®@average power output?

(8) 8.35 kW (b) 5.57 KW (C) 835 W (d) 55.7 W

Problem 25:

A block with mass 60 kg is pulled at a congant speed of 7 m/saongaflat horizontal
surface by an applied force of 90 N at an angle of 30; fromthevertical. At wha rate does
theforce dowork ontheblodck?

(8) 630W (b) 546 W (c) 315W (d) 103W

18



Chapter 6: Momentum and Collisions

Momentum

I Momentum, P, is defined as the produd of an objects mass and velodity:

P=mxyv
I Based on Newton® Second L aw, we can determine tha:
WP = F,y, x % = Impulse, J, (Ns)

Problem 26:

A car with mass 1200.kg istraveling to therightwith speed 25.0 m/swhen it hitsawall.
Thecollisionlasts 0.35sat which point the car is now moving to theleft at a speed of 1.5
m/s. Wha istheaverageforce exerted onthe car by thewall?

(a) 32kN to theright (b) 91 kN to theright
(c) 32kN to theleft (d) 91 kN to theleft
Problem 27:

A beer bottle fallsinto a swimming pod from aheght of 1 m abovethe surface. If the
bottle® downward motionis completely stopped 0.3 s after hitting the water, what is the
average upward force exerted onthe bottle by thewater?

(Assume bottle@® massis 0.5 kg).

(8) 49N (b) 7.4 N (©) 15N (d) 16N
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Conservation of Momentum

I For any given system congsting of two objects, we find tha thetotal momentum of
the system remains condant before and after they collide

I Thisisexpressed usngthefollowing formula:

(myvy)i + (myvy)i = (myvy)y + (mMyvy)e

Defining Collisions

I Eladic: noenergy islog during collision - P and KE are conserved.
I Inéladic: enegy islog during collision - KE isnat conserved.

I Perfectly Inelagic: objects stick togeher and so find velodty is same.

¥ For Elastic Collisions invaving two objects colliding head on:

%fm. "o, +m, Pl

m i,
/(ml"'mz" mzn

Problem 28:

Two billiard bdls of identical shape and mass are on a collision course. One of thebdls,
B1, ismoving at + 8.0 m/s, theother, B,, ismoving at 9.8 m/s. After thecollision,
which is elagtic, what are therespective velodties of thetwo bdls?

(a) Velodty of B; = - 4.9 m/s, Veodty of B, =+ 16 m/s
(b) Velodty of B; =- 9.8 m/s, Velodity of B, = + 8.0 m/s
(c) Velodty of B; = + 8.0 m/s, Velodty of B, =- 9.8 m/s
(d) Velodty of By =+ 16 m/s, Velodty of B, =- 49 m/s
Problem 29:
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A bullet with mass 15 g istraveling at 350 m/s when it strikes a stationary wooden object
with mass 500g. Thebullet emerges onthe other side of the object buthas dowed to 75
m/s. Wha isthekinetic energy of the object?

(a) 17J (b) 21J (C) 4413 (d) 875J

Problem 30:

Object A istraveling horizontally at 10 m/s when it collides with object B, which was
stationay. Immediately after the collision, object A has dowed to 2.5 m/s and is directed
at an angle of 20j relative to its origind heading. What is the speed of object B if its mass
istwice that of object A?

(@ 3.8 m/s (b) 25 m/s (c) 6.4 m/s (d)5.0m/s

Problem 31:

A firecracker, initialy at rest, explodes into two pieces. Immediately after, thelarger
piece, with 75% of thetotal mass, travels at 2.5 m/s at an angle of 30; abovethe postive
x-axis. What isthevelodty of the other (smaller) piece?

(@) 7.5 m/s, 30; abovengydive x-axis (b) 0.83m/s, 30; bdow negative x-axis
(c) 7.5 m/s, 30; bdow negative x-axis (d) 0.83m/s, 30; abovenegdive x-axis
Problem 32:

A block with mass 240 kg is hanging fromthe ceiling by arope A bullet, with mass
250gisfired directly into the center of the block and becomes lodgeal there, causng the
block to swing like a pendulum. During the swing the block reaches a maximum height
of 0.50cm. Wha istheinitial speed of thebullet?

(@ 301m/s (b) 210m/s (c) 151m/s (d) 105m/s
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Chapter 7: Rotational Motion

Defining Angular Speed and Acceleration

Continuing with thelaws of motion, we introduce rotationd motion.
Displacement," ! , isthechange in angle when movingin a circular pah.
However, indead of usng degrees, we use radians (rad).

To conveat from degrees to radians use thefollowing expressions

lrad= 3;3_I0i =57.3j

I,
(rad) —m (deg)

1revolution=2/ rad

Angular Speed, &, isthechangein angle over changein time:

I n

#r(rad/S)='l—t

Angular Acceleration, ' , isthechangein angular speed over changein time:

a(rad/s?) =29
At
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Rotational Motion with Constant Acceleration

I Aswith linear motion, we have a set of similar equationsfor rotationd motion:

$ =% +#1t
$>=%$7+2#" %
"%=% t+1H#1t°

Problem 32:

A hdicopter rotor initially makes 200revolutionspe minute. If it undegoes an angular
acceleration of 2.5 rad/s’, what isits angular speed after 5 second<?

(@) 21rad/s (b) 30rad/s (c) 33rad/s (d) 48rad/s

Relating Angular and Linear Motion

I For an object movingin acircular path, we can deermineitslinear speed in the
directiontha istangent to the path.

I Thisisreferred to asthe tangential speed:
=r/
V, =r!
wherer isthedistance from the center of thecircular arc to any point onthe object

I Likewise, we can determinethe acceleration tangent to the circular path.

I Thisisreferred to asthetangential acceleration:

a =r!
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Centripetal Acceleration

I Often there are two forms of acceleration acting on an object.
I Themog obviousoneis based on a changein the magnitudeof velodty.
I Theother comesfromachange in the direction of velocity.

I For circular motion, an object can have an acceleration tha causesits direction to
condantly changewithoutalteringits linear velodty.

I Thisisreferred to as centripetal acceleration, and is defined by:

I Thetotal acceleration of apoint onan object is:

— 2 2
2= ol va

Involving Forces

I Theforce acting on an object in thedirection pointing towards the center iswha
causes centripetal acceleration.

I Thisforce can beany of theforces we have previoudy encouniered; gravity, normal
force, friction, tendon etc.

I Theforceis defined by Newton® second law:

V2

F:maC:mTt

I If thisforceis nolonge present, theobject cannotcontinueto movein acircular pah
andingead will movealonga straightlinetangent to thecircle.
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Problem 33:

Thehighlight of a popubr rollercoaster rideisitslooptheloop,which is essentialy a
circular track in thevertical direction with radius 30 m, shown bdow:

A

If themass of therollercoaster (pluspassenges) is 2500kg, what isthenomal force
exerted onthevehicle by thetrack at pant A and a point B, if it maintainsa speed of 20
m/s?

(@) na =58kN, ng =33kN (b) na =58KkN, ng =58 kN
(¢) na =33kN, ng =33kN (d) na = 33kN, ng =58kN
Problem 34:

Based onthe abovequestion, wha minimum speed is required at thetop of thetrack for
therollercoaster to successfully complete its loop-the-loop?

(a) 20.0 m/s (b) 17.1 m/s (c) 155 m/s (d) 9.8 m/s

Problem 35:

An amusement park ride (The Gravitron) congsts of a cylindrical roomthat rotates at a
sufficient speed such tha the people ingde are able to stick to thewall withoutfalling
down. If theroomhas aradiusof 5.0 m and the coefficient of static friction between the
wall and people is 0.30, how fast mug this rideberotating for it to work?

(@ 13m/s (b) 15m/s (c) 25m/s (d) 3x 10° m/s
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Problem 36:

A record player is accelerated from rest to an anguar velocity of 3.0 rad/sin 0.25s. A
ladybug,located 15 cm from therecord player@ center, manages to remain stationary on
theplayer asit undegoes this acceleration. What is the minimum coefficient of static
friction between theladybugand record player?

(8) 2.25 (b) 0.98 (c) 0.23 (d) 0.14

Problem 37:

A solid sphae with mass 2 kg is attached to a string and twirled in avertical circle of
radius 75 cm. If the string breaks when thetendon exceeds 350N, wha is the maximum
speed the sphee can have before the string breaks?

(@ 111 m/s (b) 1.8 m/s (c) 26.7 m/s (d)27.1 m/s

Problem 38:

A racecar travels at acongant speed of 20 m/sonacircular track with radius60 m.
Wha istheminimum vauefor the coefficient of static friction between thetires and the
road to prevent the car from didingif thetrack is banked toward theindde of thetrack at
an angle of 15i7?

(a) 1.0 (b) 0.44 (c) 0.50 (d) 0.64
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Newton’s Law of Universal Gravitation

I Bascally, thislaw saystha every paticle attracts every other particle with aforce
tha isbased onther masses and distance between them.

I Mathematically, we express this usng the following equation:
— M

where G isthecongant of universal gravitation and equds 6.673 x 10! N m? / kg’

I Thegravitationd forceis afield force and aways exists regardless of wha my lie
between to objects.

! Thegravitationd forceisrelatively small, except that it becomes so appaent since
theearth@massis so large

Problem 39:

Object A has amassthat is 10times greater than the mass of Object B which islocated a
distance D from A. If the only force acting on thetwo objects is gravity, which of the
following statementsis true?

(i) Astheobjects movetowardseach other, thar accelerationsincrease.
(ii) Theforce acting on object B is 10 times larger than theforce acting on object A.
(iii) Theacceleration of object B is 10 times greater than the acceleration of object A.

(@ i only (b) ii and iii (c) iii only (d) i andiii

Problem 40:

Two objects with masses 11 kg and 15 kg are separated by a distance of 75 cm. Anothe
object, with mass 2 kg, is placed in between them at a point where the net gravitationd
force exerted by thetwo objects is zero. Where is this point?

(@ 22cm from 11 kg (b) 35cm from 11 kg
(c) 42cm from 11 kg (d) cannotbedeermined
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Gravitational Potential Energy

¥ Previoudy, when calculating gravitationd paential energy, we assumed the
gravitationd force, g, to bea condant.

¥ However, for stuaionswhere two masses are a congderable distance apart, we use
thefollowing formulato calculate potential energy:

:IGMm
Lo

PE

g

wherer isthedistance between the center of both masses.

¥ Notetha thelaw for Conservation of Energy is ill applicable, buttha we replace

mgh with the aboveformula.

¥ Usingtheaboveformula, we are also able to determinethe escape speed for any

planet or large mass:
/ 2GM
V=,—
R

where M isthemass of the planet, and R isits radius.
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Chapter 8: Rotational Equilibrium and Rotational Dynamics

Torque

I Continuing with chapter 7B conaepts, we now condder the effect aforce has on
rotationd motion.

I Inshort, thedegree to which aforce is able to rotate an object aboutsome axisis
patly based onthedistance between the axis and the force bengapplied.

I We measure aforce(3 tendancy to rotate an object by a quantity called torque (Nm).

I = Fd

where d isreferred to as thelever arm of theforce, F.

I Thelever am isthedistance from the axis of rotationto alinethat is drawn along
thedirection of the force.

' Thisdistance mug be perpendicular to thedirection of theforce,

I If thetorqueresultsin counterclockwise motion, thesignis positive.
I If thetorqueresultsin clockwise motion, thesign is negative.

I Thenet torque acting on an object aboutthe same axisis foundby adding the
individud values of each torque

I Remember, for any force applied, theresulting torquecomes from the portion of
force tha is prependicular to the axis of rotation.

Problem 41:

Two forces are applied to theendsof a2.0 m pole tha is hinged at the center, as shown
bdow. Force 1 has magnitude10N andis directed 60j abovethepole. Force 2 has
magnitude12 N andis directed 30j abovethe pde. Wha isthe net torqueacting onthe
pole?

3° il

I ]
| I

20m
(@ 15Nm (b) 8.7 Nm (c) 27 Nm (d) No ne torque
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Equilibrium

I Previoudy, we learned that for a system to remain in equilibrium, the net force
acting on an object must equal zero.

' Now, for an object to remain in rotational equilibrium, the net torque about the
axis must equal zero.

I If an object isin equilibrium, thelocation you choose for the axis of rotation is
arbitrary and will produce the same results no matter whereit islocated.

Problem 42:

A 10-m plank of woodwith mass 100kg is placed on top of two scales such tha each
end of theplank isresting at the center of ascale. A 10 kg block is then placed on top of
theplank at adistance of 2.0 m from theleft scale. What isthereading ontherightand
left scales?

(a) 550N, 550N (b) 500N, 600N (c) 520N, 580N (d) 560N, 540N
Problem 43:

A drawbridgeis attached to the base of a castle wall at oneend and is suppoted by a
strongcable at the other end, which isalso attached to thecastle wall, as shown bd ow.
Thedrawbridgeis 7 m longand has mass 1000kg. In addition, a man weighing 500N is

standing on the drawbridgea distance of 2 m fromthe castle. Calculate the force exerted
onthedrawbridgeby the castle wall.

50°

7 m

(8) 4230N (b) 5260N (c) 6750N (d) 8430N

Problem 44:

A ladde is placed agang africtionless wall, whileits base rests on a surface with
coefficient of static friction 0.30, as shown bdow. Wha is the minimum angle between
theladdea and thesurface at which theladde will remain in postionand notdip?

(@) 59j (b) 55j (c) 48 (d) 44
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Center of Gravity

I To calculate thetorque on an object dueto theforce of gravity, wefirst mus locate
the object@ center of gravity, CG.

I Itisat thislocationtha al theweight can bethowght of as concentrated at a single
point, and thuscalculating the total torquecan bedoneat tha precise location.

I For an object lying onthexy plane we can calculate its CG by splitting up its
individud masses into ther x andy coordinaes and then taking the average

I Thisisrepresented by thefollowing equaions

| mx _! my;

XCG:| _l
rm o m

Problem 45:

A flat rectangular plank of wood with uniform mass, has its uppe right quadrant
removed, as shown blow. What is the plank@ new center of mass relative to the origin?

4m
: :
6m
@x=30m,y=20m (b)x=25m,y=17m
()x=15m,y=15m (d)x=0m,y=0m
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Relating Torque and Angular Acceleration

I Fromlast week we remember tha thetorqueon an object can be calculated usng the
following equation:

"=l

whereI = mr? andis acondant called themoment of inertia.
wherer isthedistance from therotationd origin to the center of mass, m
and' istheangular acceleration.

I For asystem of individual particles making up one object, themoment of inertia, I,
of the system dependson howthe mass is distributed throughoutthe object relative
to thelocation of the axis of rotation.

Problem 46:

A stick of neggligible mass and length 2 m has 4 four identical bdls attached to it as
shown bdow. Thestick can berotated abouttheorigin, O, providing it with rotationd
inetia, |. If oneof the bdlsisremoved, the maximum percentage of the origind inertia
tha the system can haveis closest to:

(8) 80% (b) 85% (C) 90% (d) 95%

Problem 47:

Wha istherotationd inertiaof auniform 1-m ruler, with mass 4004, if it is hinged at the
25 cm mark?

(a) 0.083 kg m? (b) 0.058kg m? (c) 0.021kg m? (d) 0.010kg m?
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Problem 48:

A solid cylindrical reel suppoted by an axleis able to rotate when a massless chord
wrapped aroundit is pulled with aforce, F, as shown bdow. Starting fromrest thereel
reaches an angular velodty of 10 rad/s after 5 secs? Given tha thereel @ massis 10 kg
anditsradiusis 10 cm, what is the magnitudeof the applied force, F?

(Note: Inertiafor reel given by 0.5MR?)

(@ 1N (b) 2N (c) 10N (d) 20N

Problem 49:

A solid cylindrical reel with mass 5 kg and radius0.50 m has its cord wrapped aroundit,
as shown bdow. Attached to the other end of the cord is an object with mass 4 kg. If the
object startsfromrest and is allowed to fall for 2 secondsbefore hitting the ground how
far doesit fall (neglecting friction)?

r=05m

..

kg

(@ 7.8m (b) 10m (©)12m (d)15m
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Rotational Kinetic Energy: Conservation of Mechanical Energy

We can measure therotationd kindic energy of an object usng:
-1 2
KE, =1lw

With that in mind, for an olject that rolls or rotates as it moves, we mus consder
this portion of mechanical energy as a factor when usng the conservation of
mechanical energy.

In short, for an isolated system, the conservation of mechanical energy is expressed:

(KE, +KE, + PEg)initial = (KE, +KE, + PEg)final

Remembe that when relating angular and linear velodity, v = &R.

Problem 50:

A solid bdl starting from rest rolls down an indinetha is 3.0 m abovethe ground.Wha
isitslinear speed asit comes off theindine?

(@) 6.0 m/s (b) 6.5 m/s (c) 85m/s (d)9.0m/s
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Angular Momentum

I We can express the angular momentum, L, of an object as:

L=1!
I This provides uswith yet another meansof calculating torque usng thefollowing:
. I L
ot

I Thustorqueis simply the changein angular momentum over the changein time.

I Thismeanstha if the net torque on an object is zero, the angular momentum of
thesystem is conserved and does not change.

Problem 51:

An ice-skater spinswith onefootontheice and bath arms stretched outwide When she
pulls her arms in, shefindsthat her angular velodty doubkes. Wha istheratio of the
girl@find kinetic energy to he initia kinetic energy (assume theice isfrctionless)?

@1 (b)2 (©4 (d)8

Problem 52:

A man with mass 75 kg initially standson the edgeof a merry-go-roundthat has mass
150kg, circumference 7.1 m and is rotating with an angular speed of 1.0 rad/s. Asthe
man moves toward the center of theride, theangular speed changes. What istheangular
speed when heis hdf thedistance to the center?

(@) 1L.6radls (b) 1.7 rad/s (c) L.8radls (d) 1.9rad/s
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Chapter 9: Fluids

Solid Matter

» Solidscan be defined as either crystalline or amorphous
» Crystaline Datoms/molecules arranged in ordered structure/lattice (like salts).

~ Amorphous Datoms/molecules arranged randonty (like in glass)

Deformation of Solids

+ WeQe talking abouthow to changethe shape of asolid by applying forces, and how
easly thesolid returnstoits origind shgpekt hisisreferred to as elasticity.

+ Specifically, wele talking aboutrelating stress (the force causng deformation) with
strain (the degree of this deformation).

» Theresult istheElastic Modulus, E.M., which is like the stiffness of the material:
stress
EM.=

strain

Young® Modulus: Elagticity of Length

» Here we definetwo variables:

Tensle stress Bforce, F, over the perpendicular cross-sectiond area, A, of thematerial
(N/m?) or Pa.
Tenslle strain Dratio of change in length, AL, over original length, L,.

_Tensile Sress _ F/A _ FL,
Tensile_Strain I'L/L, AlL

Bulk Modulus: Elasticity of Volume

» Here we definetwo variables:;

Volume stress Bforce, F, over the perpendicular cross-sectiond area, A, of thematerial
(N/m?) or Pa.
Volume strain Pratio of change in Volume, AV, ove original Volume, V.

_Bulk Sress  F/A _ pressure
Bulk _Strain 'V/V, V/V,
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Problem 53:

A 4.0 kg bdl is attached to theend of a 20 cm cord, with tendle strength 15Mpaand
diameter 6.0 mm. If the other end of the cord is fixed to a harizontal frictionless table and
thebdl isset in horizonta rotationd motion, wha is the maximum angular speed the bdl
can have before the cord breaks?

(@) 13rad/s (b) 10rad/s (c) 5.3 radls (d) 2.8rad/s

Problem 54:

Aluminumhas a Bulk moduusof 2.0 x 10° Pa. A solid aluminum object is droppel into
the ocean where it sinksto a depth where the pressureis 2.0 x 10’ Pa. By what percentage
doesits volume change?

(@ 10% (b) 20% (c) 30% (d) nochange
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Density and Pressure

Density=/ __Mass
Volume

Pressure=P = Force
Area

Measuring Pressure

« At Different depths of a fluid, the measured pressure changes.
P=P +/gh

where Py isthe atmospheric pressure at sealevel (eg. 1 am).

where p isthedensity of thefluid at a depth of h.

Problem 55:

A squae container with length 12.0 m and depth 0.500 miis filled with water at room
temperature and allowed to rest onthefloor. Wha is theresulting pressure onthefloor

dueto the container, neglecting the mass of the container itself?

(a) 4.90kPa (b) 106kPa (c) 118kPa (d) 219kPa

Problem 56:

For the previousquestion, wha is the averageforce exerted on the side of the container
by thewater?

(@) 14.7 kN (b) 353kN (c) 706kN (d) Noforce
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Fluids in Motion

~ When studying certain variables like dengty, pressure, velodty etc. of afluid asitis
moving, we assume that theliquid is an ideal fluid.

* For an ided fluid, thefollowing conditionsmug be satisfied:
No viscosty Bnofriction between internd layers of thefluid.
No compressibility Bthis meanstha dendgty remains congant.

1

2.

3. Steady motion Bthis meansthat densty, pressure and velodity are congant.

4. Noturbulence Bbasically meansthat all kindic energy istrandationd notrotationd.

~ When these conditionsare met thefollowingistrue:

AV, = AV,

P, +1pv] +pgy, =P, +1 pv; + pgy,

Thisis Bernouli@ equaion.

Problem 57:

A largecylindrical container with no cover is4-m degp and completely filled with a
liquid. If thewall of thecontainer is pierced 1.5 m from thebottom, wha is the speed of
theemerging liquid as it escapes throughthe hole?

(@ 25m/s (b) 7m/s (c) 10m/s (d) 1.5m/s
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Pascal’s Principle

A changein pressure at onearea of an endosed fluid is trangmitted to every point of the
fluid andto thewalls of the container.

This basicaly meanstha for a containe with two openings the pressure applied to the
fluid at oneopening will equd thechangein pressure exerted by thefluid at the other
end.

Problem 58:

Two pistonswith circular cross section are connested by an incompressible fluid. Piston

1 hasaforce applied to it such tha piston 2 isableto life ablock of mass 1000kg. If
piston 2 has aradiustwice that of piston 1, what istheforce applied to piston 1?

F=9

J, m = 1000 kg

(a) 39.2 kN (b) 9.80 kN (C) 4.90kN (d) 2.45kN
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Archimedes’s Principle

+ Archimedes@ prindple is complicated in derivation, butit essentially says two things

1. For an object submerged in fluid, the volume of fluid displaced equals
the volume of object submerged.

2. Thebuoyant force acting up on the object equals the weight of the liquid
displaced by the object.

Problem 59:

An object, with mass 200kg and volume 0.1 m®, is submerged in a fluid with densty 1.2
g/lcm® andishdd in place by arope as shown bdow. Wha is thetensonin therope?

(8) 1960N (b) 1176N (c) 784N (d)ON
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Problem 60:

An empty bdloonwith mass 900g isfilled with alow-dendty gas until it reachesa
volume of 1 m®. Thebdloonis then released into the atmosgpheae. If thedensty of thegas
is 10% of the dendty of air, wha isthe baloon® acceleration closest to?

(Assume densty of air is 1.29 kg/m®).

(a) 2.5 m/s” downwards (b) 9.8 m/s* downwards \
(c) 9.8 m/s” upwards (d) 2.5 m/s? upwards
Problem 61:

|ce typically has adensty of 900kg/m®. When ablock of ice floats on water, what
percentage of its volumeis visible abovethe surface?

(@) 10% (b) 50% (c) 90% (d) cannotbedeermined
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Chapter 13: Vibrations and Waves

Hooke3 L aw

¥ Based onthe harmonic motion of a spring:
F =1kx

where k isthe spring condant, and x is the displacement of the object from its
equilibrium podion.

Mechanical Energy

¥ We can dgerminethe potential and kinetic energy of a spring system usng:
E=1kA’ =1mv’ +1k¢’

where A represents the maximum extension of the spring (the amplitude of thewave),

¥ Thisequdion can aso be expressed to solve for velodity:

V= i\/E(A2 I x°)
m

Energy of a wave particle

¥ For any given particle at some postion, X, we can determineits mechanical
energy at two specific locations

- When theparticleis at thewave® amplitude, it has zero kinetic and only
potential energy.

- When the particle passes throughthex = 0 paint, it has maximum Kkinetic and
zero potential energy.

Problem 62:
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A block with mass 45 g is attached to a horizontal springwith k = 2.5 N/m, and
undegoes simple harmonic motion alongaflat, frictionless surface. At theingant that it
is displaced by 25 cm from equilibrium, what is the magnitudeof the acceleration?

(@) 1.4 m/s (b) 0.0014m/s? (c) 3.8 m/& (d) 0.0038m/s?

Problem 63:

Based on the previousquestion, cal culate the maximum speed the block can haveif its
amplitudeis 35 cm.

(@ 3.5m/s (b) 2.6 m/s (c) L1m/s (d) 0.8 m/s

Problem 64:

Continuing still with the previousquestion, a smaller block, m = 15 g, is placed ontop of
theorigind block and ther surfaces have a coefficient of static friction equd to 0.50.
Wha is the maximum displacement the 2-block system can have withoutthe smaller
block dipping?

(@ 294 cm (b) 118 cm (c) 6.00cm (d) 3.00cm

Period and Frequency of Simple Harmonic Motion
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¥ Wedefinesimple harmonic motion (SHM) as arepetitive motion which goes
thoughcycles dueto aforce that acts opposte to the direction of motion.

¥ Thistypeof motionhas a

- Period, T: time (s) required to complete onecycle
- Frequency, f: numbe of cycles per second

For SHM:

\ & T 2! m

":2!f: i

m

We can also monitor the postion of x at any given time usng:

X = Acos(2! ft)

Pendulums

- Themotion of apendulumisandogousto tha of aspring.
- They both follow simple harmonic motion unde standard conditions

Theperiod, T, of asmple pendulumis:

T=2 [L

g

Examining Wave Features

- For agiven wave expressing SHM, we can define certain characteristics:

Frequency, f: cycles pe second.
Amplitude A: maximum haght/displacement of wave.
Wavelength, " : distance between each cycle.

Wave Speed
" /
v=—=_=1If¢f
k T
Problem 64:
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Two identical pendulums undego SHM on earth and on themoon. By wha factor isthe
frequency of motion greater on earth than it is onthemoon?(g onthemoonis onesixth
thevalueon earth).

(a) 6.0 (b) 642 (c) 2.0 (d) 1.0

Problem 65:

Object A undegoes vertical smple hamonic motion as it hangsfrom aspring with a
frequency of 15Hz. When object B is attached to A thefrequency isreduced to 2.5 Hz.
By what factor is the mass of B greater than the mass of A.

@5 (b) 6 () 35 (d) 36

Chapter 14: Sound
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Speed of Sound

- Inair, thespeed of soundis331 m/s a T = 0;j.

- Thespeed of soundis notonly affected by temperature, but by the medium

throughwhich it travels.

- Thegenagad formulafor the speed of sound, v, is:

v =33 L
\ 273

where T isthetemperature (in Kelvin).

The Doppler Effect

- Based onthefindingsof another loser physcist from Audriaaround150years

ago.

- Essentidly, the Doppler Effect hgppenswhen there is relative motion between a

source of sound waves and an observer. Theresult isachange in the

frequency of thesoundwave.

- Theobserved frequency, f*, based onrélative motion, is calculated with:

fr_ f Vivofﬁ
PV =V _ "

where f isthefrequency of the source,

v isthe spead of soundin thegiven medium,
Vo isthe speed of the observer

Vs isthe speed of the source

- Remember the correct signfor speed usng these rules:

When moving towards oneanothea: v, is positive, v; is negative.

When moving away from oneanothe: v, is negative, v; is positive.

Problem 66:
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A child standing on a station platform hears an approaching train at a frequency of 1250
Hz. Thetrain however, emits afrequency of 1050Hz. What isthe speed of thetrain?
Note: Assume speed of soundis 343m/s.

(@) 55m/s (b) 65m/s (c) 151m/s (d) 343m/s

Problem 67:

Based onthe previousquestion, if thetrain moves at a dower speed as it approaches, the
observed frequency isonly 1100Hz. Wha isthe observed frequency after thetrain
passes the child, assuming it maintainsthis slower speed?

(8) 1150Hz (b) 1100Hz (C) 1050Hz (d) 1000Hz
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