CHEAT SHEET

Final Displacement with Avg. Velocity Vector Multiplication/Division by a Scalar - Only

magnitude is multiplied or divided. Direction is

PHYS1205: Integrated Physics

University of Newcastle

1 1D Motion

Vector - A measurement with both magnitude and

direction (e.g. Displacement)

Scalar - A measurement with only magnitude (e.g.

distance)

Average Velocity

Ax
Vavg = E
Instantaneous Velocity
dx
Vinst = E
Average Acceleration
Av
Aavg = E

Instantaneous Acceleration

dx
Ainst = E

Final Velocity

fo = Uy + axt

Learn your uni course in one day.

1
xf =X + E(Uxi + Uxf)t
Final Displacement with Velocity and Acceleration
1 2
xf = X + Uxit + Eaxt

Final Velocity without Time
vZ = vZ + 2a,(x; — x;)

Objects in Freefall - Acceleration is -g (9.8m/s?)

2 Vectors and 2D Motion

Vector Addition - Tip to Tail

Vector Subtraction - From the negative to the
positive, or add the negative (A-B =4+ (-B))

reversed for negative scalars.
Vector Components

* Length

e Direction

Unit Vectors:

Projectile Motion
* Position

—

F=n+yt+

N

gt
* Initial Horizontal Velocity
Uy, = ; COS B
* Initial Vertical Velocity
vy,

v = Vi sin6
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Uniform Circular Motion

* Centripetal Acceleration

a, = —
Toor

e Qverall Acceleration

la| =+ arz + at2

e Period

Relative Velocity

— —_— —
Tpa = Tpp + Vpal

3 Force and Motion

Newton’s 1° Law - In the absence of external forces,
when viewed from an inertial reference frame, an
object at rest will remain at rest and an object in
motion continues in motion with a constant velocity

Newton’s 2" Law - Net Force is the product of Mass
and Acceleration

JF =ma

Newton’s 3" Law - If two objects interact, the force
that object one is exerting on object 2 is equal and
opposite to that object two is exerting on object one

e —_
Fip = —F

Equilibrium
JF=0
Friction
* Kinetic Friction
F =y N
»  Static Friction
F < ugN
Circular Motion Dynamics

2
F=ma, =m—
r

4  Work, Energy and Power
Scalar/Dot Product
A-B = ABcos@
Work
* Same Direction as Displacement
W = FAr
» Different Direction to Displacement
W = FArcos8
*  Work by Varying Force

xf
Wier = f E F, dx
X

Hooke's Law

F, = —kx
Kinetic Energy
KE = lmv2
2
Work-Kinetic Energy Theorem
LW = AKE
Potential Energy
* Gravitational
U =mgdy
* Elastic
U= %kx2

Conservative Force - Work done is independent of
the path taken by an object (e.g. Gravity)

Non-conservative Force - Work done dependent o
the motion of the object (e.g. Friction)

Conservation of Energy
* Mechanical Energy
Epecn = KE +U
* Total Energy
Eioe =KE+U+Ey,
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* Non-Conservative Force Absent
AEecn =0
* Non-Conservative Force Present
AE;,; =0
Power

aw

(T

5 Momentum

Momentum
p=mv
Impulse
» Definition
I=Ap

¢ For Constant Force
I =Ft
e For Non-Constant Force
S T
1 =f F.dt
ti
Collisions

e Conservation of Momentum (All Collisions)

Pi = Dy

e Conservation of KE (Elastic Collisions)
KE; = KE;
*  Perfectly Inelastic
my vy, + myvy, = (my + my)vy
* Perfectly Elastic

— - _ —_— —
ml‘lJll + mzvzl - mlvlf + mzvzf

1 52 32 32 352
Emlvli + Emzvzi = §m1‘71f + Emzvzf
6 Rotation
Arc Length
s=r8
Translational Velocity
V= wr

Translational Acceleration
a=ar
Average Angular Velocity

AG
Wapg = A_t

Instantaneous Angular Velocity

de
Winst = E

Instantaneous Angular Acceleration

dw
Ainst = E

Final Angular Velocity
wr = w; + at
Final Angular Displacement
0 = 6; + wt + at?
Final Angular Velocity without Time
w; = wf + 2a(0; — 6))

Final Angular Displacement with Avg. Velocity
1
Kinetic Energy of Rotation

w? 5
K, = 72 m; 1

Moment of Inertia

* General
1= J‘pr2 dv
* Sphere
2
I=§mﬂ
* Cylinder
1
I=Emﬂ
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* Disk
I =mr?
Parallel Axis Theorem
I = Iy xMD?
Torque
* Using Radius
T =rFsin¢g
* Using Perpendicular Distance
t=Fd
* NetTorque
Jr=la
and
E, = mc?
Angular Momentum
* Angular Momentum
L=lw
* The Conservation of Momentum

Lf=LL

7

Waves, Oscillations and SHM

Wave Number

Wave Equation

y(x,t) = Asin(kx — wt + ¢)

Speed of Wave on a String

Simple Harmonic Motion

General Equation
x(t) = Acos(wt + ¢)

Acceleration

Period

Frequency

* Energy
1 2
Emecn = EkA
* Velocity

v= twyA?—x?

¢ SHM and Circular Motion - Uses SHM
formulae for each direction of movement
¢ SHM and the Pendulum

o Period
L
T =2m |—
g

o Physical Pendulum
T=2 !
e dmg

8 Sound and EM Waves

Bulk Modulus
_ AP
AV )V

Sound Wave Displacement

s(x,t) = Spaxcos (kx — wt)
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Sound Wave Pressure
* Including Bulk Modulus
AP = BSy,4,5in (kx — wt)
*  Without Bulk Modulus

ABpax = PUVWSmax

Density
_ m
P=y
Speed of Sound
*  Formula
B
v= |—=
p

* Dependence on Temperature

= 331 |1+ Te
v= 273

* Electrical Component

E = E,;sin (kx — wt)

EM Waves

* Magnetic Component
B = By,sin (kx — wt)

Intensity of a Sound Wave

e Per Unit Area
I = (Apmax)2
2pv
¢ InThree Dimensions

| Powery,,

4mr

Sound Levels in Decibels
1
B =10log (—)
Iy

Doppler Effect

f’ _ (‘U+‘Uo)f

vV — Vg
Reflection of a Pulse

* When a pulse hits a fixed boundary, reflection
is inverted

* When a pulse hits a free boundary, reflection
is not inverted

*  When a pulse moves from a light to a heavy
string the reflected pulse is inverted

* When a pulse moves from a heavy to a light
string, the reflection is not inverted

Superposition

y = 24sin (kx — wt + %) cos (%)

Interference

path dif ference
A

Standing Waves on a String

X2m = phase dif ference

*  Formula
y = 2Asin(kx)cos (wt)
* Amplitude
amp = 2Asin(kx)
* Nodes

ni
x = - (Wheren=0,1,2...)

e Antinodes

na
X =T wheren =1,3,5...)

Boundary Conditions on a String

n T

fn=z M

Standing Waves in an Air Column

* Closed Pipe
nv
fan= il (Wheren =1,3,5...)
* Open Pipe

i h =123
f"_ZL (Wheren=1,2,3...)
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e End Effects

ni
L= -~ 2 x end effects

9 Fluids
Fluids at Rest
* Density
_ m
P=y
e Pressure
P F
T A

* Pressurein Liquids

P =Dpo tpgd
* Gauge Pressure

pg =p — latm
* Barometers

Patmos = Pgh
* Manometers

Patmos = latm + pgh
* Archimedes Principle
Fp =psVrg

Fluids in Motion

* Equation of Continuity

1141 = V54,

* Bernoulli's Equation

1, 1,
p2 + S P2 +pgy, =p1 + S Pvi +Pgy.

10 Ray Optics
Refraction

n,sin@; = n,sind, (Snell's Law)
Total Internal Reflection

]
0, =sin"1—
na

Spherical Mirrors

* Focal Length

1
f=5r

* Image Distance (thin lens equation)
1 1 1

Image Formation

* Magnification

Thin Lens Equations

* Focal Length
1 1 1
F=-D(—)

f 1 2
* Focal Length (convex lens)
1 n—-1
/7 B L1
* Thin Lens Equationin i
i= P
P—f
* Thin lens equation in P
_if
i—f
* Magnification in terms of P and f
m=_t_
P—f

* Magnification in terms of i and f
i—f
f

m =
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Thin Lens Images

Lens P Real? Orientation m
Convex <F No 1 T
=F N/A N/A N/A
>F Yes 1 T
=2F Yes !
>2F Yes ! !
Concave <F No 1 T
=F N/A N/A N/A
>F No 1 T
=2F No 1
> 2F No 1 1

Two Lens System
Mior = MMy
Optical Instruments
* Simple Magnifying Lens
25
mg = T
* Compound Microscope
s 25

m=——X—

fob ﬁey

* Refracting Telescope » Distances of Dark Fringes
1
mRT=_fo—b , (m+7)L/1
fey Ym="47
* Distances Between Fringes
. AL
11 Wave Optics By =—

Path Difference Interference of Light in Single Slit

* Constructive * Angles for Dark Fringes

Ar = mA (wWherem =1,2,3...) pA

91’
e Destructive a

1 » Distances for Dark Fringes
Ar = (m +E)/'l (wWherem =1,2,3...)

pAL
Yp = ——
Interference of Light in Double Slit P oa
- Angles for Bright Fringes *  Width of Central Maximum
2AL
mA w=—
0 = — a

d

- Distances of Bright Fringes Circular Aperture Diffraction

LmA W= 2.44AL
Ym =g D
* Angles for Dark Fringes Interferometer
1 d= N_A
(m + 7) A 5

0, =

d
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12 Charge
Coulomb’s Law
K
F= ‘h;lz
r
Electrical Field
* Vector Equation
- ﬁ
E=-—
q
* Electrical Field of a Point Charge
- Kgq
E = T_z
Electrical Potential
Uelec - Vq

13  Electrical Circuits
Current
* Definition
_4q
At
* Conservation of Charge

2l = Yoyt

I

Ohm's Law

Power and Energy
* Power delivered by an emf
Py = IE
* Power Dissipated by a Resistor

Ak
R™ R

14 Units and Constants
Particle Kinematics in One Dimension
« g£=9.8m/s’
Particle Dynamics
« N-=kgm/s’
Work and Energy
« J=Nm-=kgm?/s

. W=Jss
*  1Hp = 746W
Fluids
« Pa=N/m’

Charge
« e=-160x10"°C
«  K=8.99x10° Nm?%/C?
e V=J/C
Electrical Circuits
e A=(C/s
e QO=V/AA
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