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For midterm exams, place your problem solutions and
your copy of the exam inside this cover and give it to the
exam proctors.

For final exams, place only your scratch notes inside this
cover and place it inside the “Physics 121" box just outside
the exam collection area. Hand your copy of the exam and
your answer sheet to the exam proctors.

All exams closed book and notes except for the in-
formation on this cover. You may write whatever you like
on it, but you are allowed only one cover for the entire
semester. You may also bring the “Physics 121 Math ref-
erence” if you leave it inside this cover when you hand it
in.

We presume that you have neither given nor
received unauthorized assistance and that your con-
.duct on this exam is in harmony with the BYU
honor code. Please tell us if this is not the case.

Chapter 2 Outline — Motion in One Dimension

Posjtion

Coordinates: origin, + direction

z(t) U o at time 1.
Average Speed
average speed & ——————-m:z;f::::::e
Displacement

Az ¥ 2 pinat = Tinitiat.

Average Velocity

g displacement ot Ax

tirne interval At
= slope of line between points on x vs, ¢ cirve.
Velocity
. L nef dz 7
o Al}a:“%—j lef !E=slope of « vs. t curve = Az::c/~u.’;='/‘_ vdt.
Acceleration
der 4l !
3 et Al}x_x_nu%—: el :—l—;} = slope of v vs. t curve <= Av=up -y =/-' adt.

Coustant Acceleration

If {and only if) acceleration is constaut:
2
=y +at :z—:zn=uot+{;ut'
2

r—ap= %(1l+un)t v? = v} + 2a(x — xp)

Free Fall
Taw

For free fall with no serodviamic forces.  a = —g  for all vbjeets, presusning thac

up is the posicive diretion. .
g =0.80m/s" =~ B2 /5.

Chapter 4 Outline — Motion in Two Dimensions

Definitions:

Position: ¥ % zi+ yj + =k

Displacement: AT & Azi+ Ayj+ Azk
o def AP dz. dy. dzr . c
Velocity: ¥ '= i d!'+ dt"+dtk'_""+""1+"’k

dv  dv,.  dv,. dugp - ¢
5=t dt’+"¢Tk“""+""’+“’k

5 def

Acceleration: @

at?

wI =

For constant meceleration (vector form): V=¥p + 8 and 7-—To=Vot+

For free fall with & ‘2 a constant = —jg,

Vgp = vp cos b ay =0 Vs = Uz Z = To = vsot
. 1
wyo = vgsin bg gy = —g Yy = Uyp — gt v-vo =uuot—§g!7

Derived Free-fall results: (Be very carefull ~— These are for very specific situations.)
jectory: y= (L)% (aparab
The trajectory: y = (tanfp)z ('2113 o 90) z?, (a parabola)
. R . . w . vd sin? 6y
The horizontal range and imaximum height: R = r sin26p, h= -——29—-
Speed v a5 o function of time:  v? = v? + v = vy + (vy0 — 91)*
Speed v as a function of y and z: v = v — 29(y ~ ¥o)
Acceleration in Uniform Circular Motion:

b
ar = -U:, directed toward the center of the circle.

Tangential and Radial Acceleration:
. 8 =4, + &, with

2
= -‘;—, directed toward the center of the circle.

dy
dt
Relative Motion:

4 = —, directed towm—ld the direction of 1notion.

Relative velocity: Vpa = Vec + Vea
Relntive acceleration 8ga =8pc ifdcy =0

Vector Differentiation

Rectangulnr formi— = dag, AWy, | Vg
* " o

-~k

it tl+ Pl dt

Vo dv dd .
—_= Ti?uﬂ + V—iy.

Polnr form: with V = (V. 6), -
it ot



Chapters 5 and 6 Outline — The Laws of Motion
1. Newton’s First Law — The First Law of Motion

A free object moves with & k4 oW 2 constaut).

If at rest, it remwains at rest

If moving, it continues to move in 8 straight line with constant speed.
The Grst law is a statement specifying an inertial reference frawe.

I1. Some Definitions

v
Acceleration: 5 & =
cce! en_x ion H 5
Force (F)
Push or pull M

Whatever can cause acceleration .
Measured in newtons (N) or poiinds (Ib)
A vector quantity \ ’

For the same object, Fu wf -;31',.

{Defines an unknown force in terms of a standard force)
Inertin] Mass (m)

A measure of how an object accelerates in response to force.

Measured in kilograms (kg) or slugs

A scalar quantity

For the same force acting, my def Sa
(Defines the mass of an unknown object in terms of a standard mass.)

Il. Newton’s Second Law — The Second Law of Motion
1n an incrtial reference frame:

. Accelerntions are caused by forces.

. 5 =F/m, or F = ma (for consistent units}

. s in the same direction as F.

. The F in (2) is the vector shm TF of all the forces acting on the object;
the second law in its full glory is__

In an inertial frame, & -4 EE or £F ' ma

N

IV. Newton's Third Law — The Third Law of Motion
(A law describing forces)
1. All forces result fromn interactions betweeen pairs of objects.
2. In every interaction there are two forces, ONE ON EACH OBJECT.

3. Fa lar - Fai.

(The two forces have equal strength and act in opposite directions.)
V. Finding Forces
1. Long-range interactions
gravity, electromagnetic.
(% & mg = —myj near Earth’s surface.)
2. Contact interactions
electromagnetic, nuclear
(tension, friction, ‘normal’ forces, springs, all other forces.)
For a “Hooke's 1aw” spring, Fipring = = b2.
law aw

For friction, f, < pn -end fi e,
The bouyant force: B = my(5; — &)

For viscous drag at low speed: R 12 _ }g: at higher speeds: R lar 1DpAVH(-0y).
In most cnses tension T and the ‘normal’ compouent n of a contact force can be found only by using
the 2nd law of motion. The same is trie of static friction unless you know that f, = p,n.

Chapter 7 Outline— Work and Energy

The work-kinetic energy theorem:
For auy object,
AK Z W ¥ W

Definitions:

AK " K pinat = Kinitiat & Lme} - fmo?

final ! - _
W / Fds / Fus 2 im 3P
initial i 4=

Special Cases:
1. F = consiant: W = Fd=F-oF

e.g.: W, = ~mg(ys - yi) for Fy = —moj
2. 1-dimensional motion:
W= lin 3 FAx e / ! Fdz
e.g.: Wy= —%L“I’j—:‘.‘:") for Fy = _kzi. (Booke’s law spring)
3. W=0 if FLS&

The Scalar Product:

AB Y A.B.+AB, + A.B:
= ABcos¥ = ABy = 4y B.

A% = BA = ALAr + Apdy + Ardls

Chapter 9 Outline — Momentum

Conservation of Momentum:
for an isolated system. (Fexe = 0)

ﬁ/'gﬁiorAﬁle-—'Oor—'ZTPIgﬂ

Definition of momentum:

2
for a particle  § & m = K _él-";

N
For asystem P et Zﬁ" - 9 Mon
k=1 p?
(Waming: Keotat 18 not always equal to 'ﬁ'-)

ond Law of Motjon and the Impulse-Momentum Theorem:

particle: %tg > of — AF (4 E/I?dt def o
dP 5 larof 5 law = def o
systemt Gy = MBem = Lfent = AP Z T [Fendt = Zlent

The integral forms of these equations are the impulse-momentum theorems.

Center_of mass:

N
Miom € 3 mafi for discrete particles.
k=1

Mo o&f /de for continuous systems

Chapter 8 Outline — Conservation of Energy

If a Physical Quantity X is conserved for an isolated system
AX "0 o Xfinat 2 Xiniiat Or X Y constant  or % ar g

Conservation of Energy:
For on isolated system,

AE™ 0 or Ejimna Y Fimitio  OF T - 0.

Definitions:

E % oK+ LU 4 ZUin 48 Linetic energy + potential energy + internal energy

k¥

%mv" = -}m Vv
)
3 ac? = A function of temperature, physical state.,

!
» Uim
chemical state and nuclear structure.

Conservative Force: One which does not change internal energy. A force is conservative if the work
it does on & particle depends only on the initial and final points of the motion, or, equivalently, if the work

it does through every closed path is zero.

Potential Euergy:
U, ! mgy for F = ~mgj. (near-Earth gravity)
Uy et %k:l:1 for Fy = —~kai (Hooke's-law spring)

3 = ko, .
v - b F= —3f (long-range attractive jravity and electrostatic. forces)

General definition of U for a conservative force:
J
AU U U - Weiry —/ F..ds
i
Foree from potentinl energy:
U
F= 5

Change_in Internal Enerzy

J
AUnu '-l":' U-‘n:./-Ui»t.i ‘lé' - ‘Vm:.i—] '!;, "/ anlL‘



Chapter 10 Outline — Rigid-body, Fixed-axis Rotation
Dynamics:
Equation of Motiow: Tnet v, ™ Jo with T Wl L Fsing=Fd=Fry =rF,
Kiuetic Energy: K = 1Ju? for a rotating rigid body.
= %Iw’ + %Mv";m" for a body rolling without slipping.
Kinematics:

The angulor variables:
anyular position 8 et i» radiaus, angular displacemeut A8, angular velocity w def ’dif’
and angular nccelmtio;l o .‘i—‘; )

These are matbemntically analogous to the correspouding linear variables for one-dimensional

motion Az, v ¥ dz/dt and @ df dv/dt.

Relations between linear and anglar variables for angles in radians:
(r is the radius of a particle’s circular motion):

»? 2

As = 7A8, v = 1W, Bgan = TQ, Gradinl = = w = v
Relations between angular units:
1 rev = 27 rad = 360°.

For constaut angular velocity,

= %: 21" finrev/s, T ins, win rad/s.
For rolling without slipping:
) Vcenter = R,

Rotational Inertia:
General Definition: 7 & Témr3 & / i dm.

The Parallel-axis theorem: I = Jan + Md?.
Specific uniform bodies: .
Solid cylinder about symmetry axis: [ = %MR"

1
3

Solid sphere about a dismetur; [ = %MR"

Spherical shell abont & dismneter: [ = %MR’ Solid cylinder ubout centered dinmeters J = =MR* + T';ML‘

Thin rod, centered perpendicular axis: § = REYIL Thin cylindrical shefl about symmetry axis: / = MR
' ) 12
1
Hollow cylinder about symmetry axis: I = MR +
with axi» throngh ane end: 1 = %ML’ =g MR+ RY)

lar axis through its center: [ = 1—15M(a’ +6%)

R lar plate with per

Chapter 12 Outline — Static Equilibrium; Elasticity

The two equilibrium conditions:

Vector forms:  DFexe =0 (1), C DFen=0 (2

For coplanar forces:  EFeent =0 (18), IFyeze=0 (1b), Efsem= 0 (2a).
If (1) and: (2) ore true for one iuertial reference point, they are true for all reference points.

Center of gravity:
The center of gravity is located at the center of mass if the object is in a uniform gravitational field.

Chapter 13 Outline — Oscillatory Motion

s(ty el Acos(flt +¢) represents sﬁple harmonic motion.
In words,
(s at time t) = (amplitude) cos|{(angular frequency)t + (phase constant)]
v(t) =ds/dt = —AQsin(§1t + ¢)
- aft) =dv/dt = d%/dt* = - AQ? cos(§dt + ¢) = ~Ds
Qg 4o? = Q247
Q=2nf=2r/T. fisthe frequency, T is-the period.
Equation of Motion:
Any equation of either of the forus
a=-0% or Q% +v2=0%4%
with v = ds/dt and o = dv/dt,
leads to SHM with
Q = (positive constant) = (angulur frequency)’.
Spring-block Oscillator:

If F, = —kz, the motion is simple_harmonic with

Q=\/§. T=21r‘/-':—7 and !=v-21_7f #
The total energy is E = JhA%,
The povential energy is U = $kz? = $kA? cos® (2t + ¢)
The kinetic enengy is K = dmo? = $kA?siv (2t 4 9)

‘Che generality of SHM

Alwust all svani leparinres from stable equilibrini exhibic SHM.

Chapter 11 — Angular Momentum; Rolling

Conservation of angular momentum:
[/'lg L or AL ' 0 or % )
for an isolated system. (Tex = 0)

For any component z,
Ly '® Ly if 7= 0.

2nd law of motion:

lef - F
= FxF,

With 7
particle: % = 5r o AL'E E/-F dt
system: % oy o AL law E/'F,,gdr

The integral forms of these equations are the

angular impulse-momentum theorems.

Definition of angular momentum:

Y ix§ 2 Fx mi for a particle

™~

et El'.k=(ﬁxl3)+[m=(ﬁxM'\7)+f.,,, for a system

=1 for a rigid body
rotating about a principal axis.

Lot B o }

Rolling:
. For a symmetric object rolling without slipping:

Veenter = R and K = §lemw?® + § M7,

The vector praduct A x 8:
UAxB=C ¢ % |€) Y ABsind=ABy =A,B
€ is'perpendicular to A and 8
in the direction given by the right-hand rule.
In rectangular components,

., (AB- 4B
AxBY HAB.-AB) =
+(A<By - AyB.)k

=~BxA

Chapter 14 Outline — The Law of dravit'y
A. The Law of Universal Gravitation
Fa 2 (G%Tl) (—Fra)s
Valid for points and uniform external spheres.
34 Law :== TRUE
Always attractive

Nm? 2 Nem?
= -11 2 -10
G = 6.672 x 10 = Naxw 2

Gravitationa! forces are vectors.
Superposition
B. Geophysical Consequences
g of the earth
motion of plsnets and satellites (Kepler's lawa)
rotational motion of double star systems
structure of the large-scale universe,
C. Gravitational Potential Energy
U, - Gmymy
r
Examples: Free fall, Escape from the earth, Planets and satellites
Superposition .
D. The Gravitational Field

g:’.F.ﬂ
L.

E. The Principle of Equivalence
M gravitational = Minertiot 1part in 10%,



Conversion Factors

Mass
1 kg = 1000 g
lu=1.66x10"%"kg
Length

1m =100 cm = 3.28 ft
1 mi = 1.61 km = 5280 ft
Time
1 day = 86,400 s
1 year = 3.16 x 107 s
Speed
60 mi/h = 88 ft/s ~ 26.8 m/s
100 km/h = 27.77 m/s =~ 62.1 mi/h
Angle '
1 rev = 360° = 27 rad
Force
1 N = 0.225 pound
1 pound = 4.465 N
Energy
1eV =1.60x10"1%J
1 keal = 103 cal = 4.19 kJ
1kW-h = 3.6x10%] = 3.6 MJ

Physical Constants

speed of light c

gravitational constant G

For Earth:
free-fall acceleration g 9.80m/s?
mass Mg
mean radius Ry 6370 km

Metric Prefixes

~

prefiz symbol factor
tera- T - 1012
giga- G 10°
mega- M 108
kilo- k 102
milli- m 10-3
micro- u 10~
nano- n 10~°
pico- P 1012

3.00 x 108 m/s
2 % 10~ N.m? /kg?

5.98 x 102 kg





