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Breakdown of Units
**topics discussed may vary between schools. The units in this guide are the main topics
discussed in many physics courses.

Unit 1: Kinematics (1D and 2D motion) Unit 4: Work and Energy

Unit 2: Newton's Laws of Motion Unit 5: Electric Currents and Magnetism
Unit 3: Circular Motion
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1 Dimensional Motion
Introduction to Speed and Velocity

Key Equations:

Average speed = (distance)/(time)
Average velocity = (displacement)/(time)

Velocity: The rate at which position changes (basically speed with direction)
Displacement: Distance and direction from the starting point (ex: 30 meters 10° west)

Spead how fast you are travelling

Velacity “speed in a given direction”

ﬁ\ ) :r-_

https://www.coolkidfacts.com/speed-and-velocity/ _ http://thescienceclassroom.org/physics/motion-in-1-d/distance-

and-displacement/

Example Problems:

(1) Finding distance given speed and time
Avg. speed= 70 mi/hr
Time= 14 hours
Distance= ?
How to solve:
Equation: Average speed=(distance)/(time)
Rearrange equation: distance=(avg speed)(time)

Substitute: distance=(70)(14)
Final Answer: distance=980 miles

(2) Finding time given speed and distance
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Avg. speed: 75 mi/hr
Distance: 360 mi
time= ?

time=(distance)/(avg. speed)=(360)/(75)= 4.8 hrs

(3) Word problem using travel in 2 directions

You travel at 30 meters per second east for 4 seconds and then 50 m/s west for 3 seconds. What

is the average speed? What is the average velocity?

Tip: when tackling word problems underline all the numbers given to you and then write them
out with what unit of measurement that number represents. This makes it easier to figure out
which equation is best to use. In the case of two different directions using two different colors to
differentiate between numbers can also be helpful.

Travel in the East Direction Travel in the West Direction
Speed=30 m/s Speed= 50 m/s
Time= 4 seconds Time= 3 seconds
distance= (30)(4) = 120 meters distance= (50)(3) = 150 meters

Average speed = (total distance)/(total time)=(120+150)/(7)=38.57 m/s
Average velocity = (displacement)/(total time)=(120-150)/(7)=-4.3 m/s or 4.3 m/s west

**when finding the displacement think of the east direction as positive and the west direction as
negative

(4) Word problem using two objects traveling in different directions

Two trains are 1600 meters apart and heading toward one another. Train A is headed north at 10
km/hr while train B is headed south at 15 km/hr Where and when will they collide?

train & tvoin b aropning

nelps with
1.0 L) Gisuaiizofion
=
:_,g P =10t veavange and —\0t+p =0 £ :0.0064 Wwrs
2 Px-15pelp WWEISWW o .p--10 PizOi6h W
\ -25¢t=-1.6

time (hours)
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1 Dimensional Motion

Acceleration

Acceleration: The rate of change of velocity (every second it gains x amount of speed)
Equation: acceleration=(change in velocity)/(time)

Example: 0-60 mi/hr in 4 seconds
acceleration=(change in velocity)/(time)= (60-0)/(4)=15 (mi/hr)/(s)

(every second it gains 15 mi/hr)

Kinematic Equations -have these memorized!

final velocity= initial velocity + (acceleration)(time)
displacement =(initial velocity)(time)+ (’2)(acceleration)(time”2)
final velocity=initial velocity”2 + (2)(acceleration)(distance)

More pointers about displacement, velocity, and acceleration
1. When displacement is positive, the object is to the right of zero (or above zero)
2. When velocity is positive, the object is heading to the right of zere(or up)
3. [If acceleration is positive, the force is to the right or upwards (**force is a push or pull)

Free Fall
Objects fall under the influence of gravity alone
Any object, regardless of weight accelerate at the same rate
Freefall rate of acceleration: 9.8

m/s"2 ? \\\ %
Acceleration due to gravity=-9.8 m/s"2 10 ™ig
' the ball gains 3 W™'s

w'mis of speed ewry second
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The Ball in the Air Problem

v=0™is
O
1o™Is Q/7 NO -10 ™is

N

20 ™IsO O ~20™MIs

30 MisO O -30M™is

(1) How fast was the ball thrown? (it took 1.8 seconds for the ball to hit the ground after
thrown)

Equation: final velocity= initial velocity + (acceleration)(time)
How to go about solving: Cut the time in half so that you can solve using the amount of
time it took for the ball to get to the top. At the top, the velocity of the ball is 0, so that

can be used as the final velocity.

0=(initial velocity)+(-9.8)(.9) — initial velocity=8.82 m/s

(2) How high did the ball go?
Equation: displacement =(initial velocity)(time)+ (}2)(acceleration)(time”2)

How to go about solving: since we have all of the values needed to plug into the equation
we would just have to substitute to solve for the displacement, or in this case; height.

displacement=(8.82)(.9)+(45)(9.8)(.9)*2 — height=3.969 m
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2 Dimensional Motion

Vector: velocity displacement acceleration force
magnitude and
direction
Scalar: volume mass speed length
magnitude only
3¢ Ye 3¢
> R T i Vectors
Rules for vector addition:
- . .
un - 1. Place vectors tail to tip . ‘
. - Draw resultant from opent tail to open tip
3e € 3. Report magnitude and direction
vector A
— -
A<30meE Find A*E SO m @S3°
€ =4omn  tan-' (%)
K*ZB-. 28 5+ go™ =™
Equations for Projectiles: som c = 8s.4y
ton -1 ( ’0/30\ = (9. Yy 0
30m
-
norizontal A-28
‘rorontal ;ﬁmnce veloing 30 m
-
e
| wnigol
%&?\:\; elooiyy -a.¢
Y ! v
Vy=\Vyo ¢ gt
y* Vyo + gt
tHime
verticol distance “'"f‘ 18
v | ! A
y=Vyo t ¢+ ‘20t
1
e T il time
i o:_‘c:;tw Examples
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Vxo* 15 m'S

1o

how far fvom the bAsSe OFf the clifé does he land®
r— , ~28)
g:%g*z—b = %i = zfq?: 722(0 Sec

x:uxt = %= (15 ™15)(2.26 sec)=[3%. 9 El

Upwardly Launched Projectiles:

<
$
*
<
(4
3t
o
X
&
]
o
oF
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Newton's Laws

Force: push or pull
- Unit: Newtons (N)
- Mass: amount of matter (kg)
- Volume: amount of space (m”"2)
- Weight: force due to gravity (N)
- weight=(mass)(9.8)
Drawing Freebody Diagrams:

SF -_n_m9=o 1 &vubber hl\d

n tgnsion

normal force :
perpendicviar 0 the sorface

"
ZF=8-mg =0 mq v=500™'s

’ £xem, -370 i
EFy= - S
Lt T LSt

¢~ 90° norma) fore n' D

from incline

ZFx =ThN$l-’Dmg=0
ZFy=Liex-mg =0

g

2Fx =T2€050-T,C05¢ =0

"
ZFy e T, §in0+T 3ing -mg = 0

Newton’s First Law: If the sum of the forces (net force)=0, then the acceleration=0
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Inertia: Resistance to a change in motion (dependent on mass)
- Larger mass=larger inertia

Newton’s Second Law: If the net force doesn’t equal zero, the the acceleration doesn’t equal zero

2Fx= P-3=mo. - 20-83=Ha &=3Mis2

\
£Fy=N-mg=0 * n=mg=Y4on IE me THen AV (ASA W)
n=40 . £%
;I‘ ( no vertical accelerarion' 0= m
}=8n !
LA Jrren 2Fzma.  T-mg=mo
mg = uow

Newton’s Third Law: For every action there is an equal and opposite reaction.

Fab= - Fba .
force ¢ lL&md l L F . L2 .
iad) y > —_— ‘ I !
bug(b) i force ot yne eortn o +he ball
eaclc) A+ —s Fog Feg
g A <o
MASS o F

"

foree ot ball on eart,

Jome force , different accelerafion’

EARTH
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Friction

o 0 &
tul\:u. ';;Eg\ }(m\
1’ (ﬂ\ I Kinetic 3 /4/ %/ Y
& !
> e
(percentage)
= (2Q)
Angled Forces
tM find accelerotion:
¥ ‘-@ £Ry=n-mg + Tsin@ = 0 TeosO-MeN=moo e Tcos 8-M(mg-Tsind)
h=mQ- tsinbd a o
b £Fx=Teos© - = mau Teos® - (mg-T;inehmo.,
fina accererarion:
£Fy n-mog. * Psiné = 0O Pcose —Mn = me _ Peos6 Mmg + Psin)
Pcos® -M(mg + Psiné) = ma o e

SFx= PCosd ~Fe = ma

ZFy=n-mgeos® =0 > n=mgeose
2 Fx = Mgsing =ma.

0= gs'me
ZFv°*n-mgeose =0 m §in@ -M7 = ma
2 By mgs\he—ﬁ =Moo B asind -M{geosé)

1A

2Fy=M-mgcos8=0

e ot ZFx= F’J:n'mgsin9=ma.

P -MN-mQsIiNG =ma.
P-Mmgtosd- mgsind

[+ B m

L
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Atwood Machine Examples:

® LFa ’T—m9l= mov
L L*T-w=w T-20720.
\ gg_-r.: i )
. Ho- ga
ZKg 8F°=mg-—-r= Mmoo 0..":8‘“’6"
T
y L L) T=230wn
"3 60-T =G
bkg
¥
mg,_
- 73F898*em=msg-msg = (m3+mg) (0)
50 - 30 - 30
: 0=2.5
1\
SK
8 T
't\ 1
% 3 kg
¥
mg,_
Feqmy=3ky © ZF=T-F= Mo T-3=2%0-
=T- e =m0 zo-l‘?l'-:zo..
Ms=0.2 Me=0.1 =T-Mgmg=md =S
T 00 - 50, 0.2 3.4 s>
M1, T-3=% T=15.2\
2 SF.=20-T =a0-
v
T quick woy:
LFsystem: 20-%= S0~
o= 3.4™Mis*
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Circular Motion

(velocity direction)

A s
ecto ;

veloci radivs
oci
mig ‘9 2Tre

T\ time for \ circle (sec) .

Period : time for | circle - ; . T=%
inverse relatrionship |

Frequency: # of circles per second E=iim

0=F = —¢ = « = a.eceleration

centripical = inword
No

2
Oc = ¥ | ~—> Omount of acceleration Fe = M=

A4 \ —_—
V= T T= /F ‘f'=|/£ O0c= v fc=r

Friction during circular motion:

2Fg=1t'1n9=0 n= M9

£ 3 LR
Q—i* gfes Fosml(F) mst v
mg
ssmg: S yArug
I

max. speed

Vl
Umax "\(;9— Bl '?
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Vertical Circles

mv? mv?

LFe=Temg= v Ty —™M9
my’ mv?

ZF¢=T—M9= r T= " ¥rg

mv? mv?
h="v =m9 h-mg'-‘ v
my?
n="% *Mg

Minimom speed t6 complete a civcle (Venin)
T+ Mg:mrv—

mv?
@Vmin T aproacnes zero XKH'Vng= v len'-""g"

4&———— don’+ 40 less hon the 4o !
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I N
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mg Srm— —-—
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Gravity

Nm”*

6.67x10" T
F¢| Flt k’&mM
- ¢ | F 2 rﬁ-
mozky  Me=0.4Kg v.61x10""')(0-2)(0.4)
r=0.35 m :-.'( y 0. 352 = q.SbYIO-"N

o &= O

v
A

LR - 0.38%10°m

M =6 x10”" Ko
__‘ Mk = 40 K9

\
emM 6 M _((0.67”0\](&3”0“) - 9.9
E="7r1 =>mg= T I 0.38 X100 -
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Kepler’s Third Law

L

T Y= mx
G omM _ hrw
\fg ch,’ r2
2TTr & .
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@ & '
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-
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2
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S
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Work and Energy

energy: the avility to do wore
work : fgrce xgistance

e 'L'-;»"“ 3 :‘g&& mruil'n ¢ distance (m)

“ W= FACoSE— e

ZFx = Tcos0-Fx ma
150c0 30 -(0-2)(3NM) =400

a;:u"":; T =|sou colculate +he work done by each force:
¥ES, 3 + /s'o A Waension = Tdcose = (1500 (7m)co$ 30° = 409 4
WESE ﬁ‘-jp “ng T (mg)dcose =(40 xg)(2-3™/s*) cos40° =
o ol ™y w7 = Frdcosd = (g )dcoss = (0.2)(317K) (1m) COSIZO = ~yuu
v=4fr s ‘ )
ek We=Ndopsd= 0y
WueT =004+0 *-U4Y +0 = 46SJ
area - work done
F(N)
areo.* Work
T
|
d(m)
Types of Energy
Kinetic enefg\j : ¥he energy of motion fotentiol energg (gravitational) : energy ot gosition (height)
K‘ mv _\spudl"‘/s) [P‘ - mgh-}

muw. energy (T) ,,\“s (xg) neight (m)

mss(.tg\

rotentiol energy (elastic): energy of position (stretch)
t‘n?m(""n)

gf’ = 'z' Kx*

L, strexchim)

Work Energy Theorem

From https://simplestudies.edublogs.org


From https://simplestudies.edublogs.org


W= AE

1 e L 2 L \ 2
w=zmMmVv- - 2m\o w=mgh - Mgho W’zkxz"ikxo
Conservation of Energy
PEo + KE, = PE + KE
Uotko=UHtK
v=0 .
ex1. O I:ma he max height: €y 2. ™ o
- Whtko=utk *:’§ Uot ko= tk
W e g TN e e s e
o) Y2 (s0)*= (@.8) b L (AN + )= Yy
h=45.9m | o e v=lo.1™s
v's! \
4
o
€x 3 vet Yotko=u+k
i eloh Uy hgh ¢+ Vepav?
Ve (1*) = (2.8)(0.16) + ('4)(\?)
M.5200.4 + 2V*  not possibie (400 slow)
How fast does he have 4o run?
KotDe=X+tU
amug = hgh
(72)(ve*) = (2.8)(6 - 10)
No = [| M/s
Power
W MR anytime rote is mentioned inink POWER g hengectwseon
c— avg- Speed
P= t AE _ mgh-mgho _ Va2 - 'Ilm\ln" p= Fd M ’
¥ ~ time (sec) p: t— P= + P= Y + P= FV
power (watt)
L= 2 seconds STH w Fd sangles0 (‘ou‘\
- J ', T= ry s 2 2 0 wWotyg
Efficiency
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ene out
LRFICIENCY* enarann

\ 1y
/

gl 7 electncal energy |l‘g““’“|b i 0%
100 J/s 1cie

ALY~ ‘\/ erficient

L 70 s of light energy 30% is heat

€xomple: R 3 Kg ball rolls down a 1.5 m Wign Will, it veaches o speed of 4.3 Mis.
What was Hhe eeficiency of tne energy transter?
(9.

T
prpe OO i RO ¥ 100 = 62.8%0 ef¢
enevay in magh (3)La.8)C1.5)
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IWz)= heat mnd = heat Wz +Uotke *U+k +heat

W= Fdcosé
Wp = (300)0) cosO = 1800 4

wWmg = (440)(b)c0s a0+ 0
Kgt1— P=300n e I
Wz = (uh)dcos b= (0.15)(490) bcosi80 = -4y §

Wuet = 139 3

\ ' 0
dazbm

2

o

I

w
<—-°-—’

Miz0.15 mg

(-] o (4
wF 494’0 %6 -/ogohem
1800 = K + 44\
K=13§4)

Ouestion: How far (OeS i+ §lide berore coming o vest?
W yd't o = yfs X+ heat
30"’8 'IZMVO“ =A|,1td
L — 2 0av0® = mMgd
('2)(30*) = (0.2)Ca-8Y d
MeTHE d= 229.6m

ex2

20™g g\/ | W08 M.‘ \MOO Ko = \Ao*kdv’ heq‘l—
- % dsine "arvg = fagh + mingcosed
30, ("2)(20%) = (a.8)(dsin®) *+(0.3)(2.8 o5 30)(d)
200+(a.8)(dsind) + 2.55d
200= d(9.95in30+2.55)
d=20.8m

Ex 3

How much heat is praduced? W1y6 ko = L *k * heat

(“12)()(\0™*) + ( %)(0)($?) = heat

m, L)
sl !S s heat =225 J
Stops when

they hit
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Electric Currents and Magnetism

Electricity
> Meectvon: A0 o™ kg 0.25 ¥l0"e's = -1 coulomb
- %e:-1.p %10 "¢ &
b.28% 10 p‘s = +1 couvlomb
Mproton = 1.6 x10™" kg : micro cowomo
%.,u.bv(o’“‘c twe = (x10 ¢

suc = Sx10°C¢

Opposite charges oattvact

coulomb’s Law

Like charges repel cs L‘;ﬁi

F:corct.(n)‘

o = A (mC

Q= 3.2:\0-'.('. qa=-l.bx10 - Reax10™(5E)
Q- char ¢
9e (O

8 0.35m & Qs= )*

r*= distonce between charges(m)

Find the force q; has on q.
(ax167%y(3.2% 10" D (1.6x10""")

K Q.- Q -21
Fel= (0-35>2 } = Ee R =
+ 5
+ - - .~ Polarized
- ' =
\NO + > $ - G
pRLLOON N i a
+ wall
- electrons will move
wall not protons

Conduction: material in which electrons tend to be free and therefore rearrange and flow easily.

Insulator: material in which electrons do not tend to be free and therefore do not rearrange and
flow easily.

From https://simplestudies.edublogs.org


From https://simplestudies.edublogs.org


Methods of Charging

3

Conduction— “touch”

near

OIOENOIO

@O =@
OIOROIO
@ Houh @@

JorNo

Induction— no touch-bring

|

re3s Q
1
—

t=2

(7]
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Current Electricity

) "
. - — 0‘
Ohms Law: L= g -
Reresistance 1 L1 unit: ohm = l:‘ unit: ¢

: | &
b opposition to flow 1 = current Lamp= ' §
L f1ow of charge

4 bt
v=vM§age Vvo= ¢ / 2o e R= A
3%

. o Lae vesistance (S
.SV - +
B) .
1€ U goes £, then tne current (I) goes + LoV
Ik
I R goes T then T goes ¥ 3

Equation for Power

I voltage (v)

P=VI

owerwatt| P current (A
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Series Circuits

Rales + Lxample
@ Rtotal = Ry +RL*Ry = 1+2+3= o
ve
@ T toralz R+ 6 =2 amps
@ vi=IR) = (1) = 2volis of elecivical pressure Hwough R,
® vr=vitVarvsT aveuvrov s 12y

~\voltagé across

R3= 30

Parallel Circuits

1 Rales : e G
AAA 0!1*(‘1:‘*‘7\1'*&3 B @1::‘6
2L (172" ¢37) 7 = 0,545 L1° ke
vr 2 _ . ¥
——A\N— @If"ﬁ'fﬁ?‘namps La= i3 o
o TV, =\, ® 2 Is « kivchoees rule
3 6 Vr=vi=v. Vs OLr-tithrlse c:mer\laﬁog\ ot

Combination Circuits

Rules:
(= MA -» Orr(2+3MN v 12,20

Ve

W v Ve . 12
o 1 *%zn%&ﬂ- @1+ ®e: 37T T S.usamps

® Vdrop across mainiine resitors: v, = (R, 3(5.4s)( 1.a)= s.usv
' @ £ind 1eftaver vou-age: 2V-~5.YSy = . SSV «for garaliel part

Magnetic Forces
There is a magnetic field that goes from the north to south field

The Right Hand Rule
This video provides some great examples of the right hand rule as it is a difficult concept to
understand without being talked through it: https://www.youtube.com/watch?v=IKEt5bvn7LU

in 1‘11
&®
$ S\
\ g
-

B-field
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Calculating the magnitude of the magnetic field

Ynx10”" "'-A-"‘ «
M o L > correntca
B =
" 2mR
Magneric Lodistan ce(m)
tied
(Tes\ay
: I=8A ol  cumaro-1y(s
- K & o ° znco.zs): 82107 tesias (T
gae orT
Q
-1
: (PRCT (T Y g
@l P ‘ \ B.—l'ﬂ'(o.z) = Yx|0 T 0O
o.‘lM . (quo'l) 'o . | 5 o
o.:n--p 2“‘0_. 2) x |0 T

127 |OA . - -
* C4x1079+) 2105 = [lox16"° T @

Magnetic Forces

lﬂ.l I F= BLLsING

v ¥ b
Dy b ange T

| ' B feld
/ I
\ %
F = BVgsing
by :

l S l (1-(\ (Mrgy©) D/ BV

Example:

I=UA
T (’.( .x- - 'i’ ;I B=10T F = (10Y(WH(2)C0s90 * SO N «
|
X I
A=tm X X X |
| X.
[ 'y x | %%
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