PHYSICS 201 — FORMULA SUMMARY — MODULE 1

Quadratic Equation

—b=\b% - 4ac

ax2+bx+c=0 = Xx=

2a
Trigonometry
h = hypotenuse
h hy = length of side
sinf=-2% cosf=-—< tanf=—-2 h? = hg + hg opposite the
ha angle 6
h, = length of side
adjacent to the angle 6
Scalar Components of a Vector
A, =‘A‘cos@ and A = ‘A‘sin@

Magnitude / Direction of a Vector

Iy 4y

4] =3+ A7 6 = tan”!| 2!

A4
Vector Addition
C=A+B = Cy=Ay+B, and C,=A,+B,
Kinematic Displacement
AF =Frinal — Finitial = (Ar)X + (A1) = (A0)E + (Ay)F = (x(1) = x,)% + (y(D) = 3,)
Kinematic Velocity / Kinematic Acceleration
P rvermae =L § - fim &7 G =Y. & - fim 27
average Al_ 1nstantaneous Ai—0 Al_ average At mnstantaneous Ar—0 At



Motion with Constant Acceleration

Vx(t)=vox+ax't vy(t)=v0y+ay-t

1
x(t)=x0+5(v0x+vx)-t y(f)=y0+%(v0y+vy)'t

1 2
x(’)=xo+vox't+zax't y(t)=y0+v0y't+%ay't2

vxz(x) = Vox2 +2a, - (x—x,) Vyz(y) _ V0y2 + 2ay (V=)

Acceleration due to the Earth's Gravity

g=9.80 mis®

Newton's Second Law of Motion

Dynamic Equilibrium

YFy=0 and Y F,=0

Force Exerted by an Ideal Spring

Fypring = —kAF or  Fy =-kx
Static / Kinetic Friction

Zmaximum
s

= wglpi| and ‘jk‘=ﬂk|ﬁ|
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Uniform Circular Motion

3 27fF| 2R . i’
‘vtangential‘= T O Viangential = G radiall= W Or  dradial =~

Newton's Law of Universal Gravitation

‘ mlmZ
rav1t
y| = r2
Universal Gravitation and Weight
mgm
G E2 =mg
RE

Mechanical Work
W =FAx+FyAy or W= ‘F’“Aﬂcos@

Work-Energy Theorem

2 1 2
Wtotal =AK = mvﬁnal 2 = MVinitial



Gravitational Work
Wgravity = MgYinitial ~ MEY final

Gravitational Potential Energy
AU gravity = M&Yfinal ~ M&Yinitial = ~" gravity

Elastic Work
1, 2 1, 2
Welastic = 5 K¥initial = 5 A¥final

Elastic Potential Energy

1, 2 1

2
AUelasti(: = B kxfinal - Ekx initial = ~¥" elastic

Conservation of Total Mechanical Energy
AE = A(K + Ugravity + Uelastic) = Whonconservative

Instantaneous Power

. AW =
P=A1tl£>noy or P=Fyw,+Fyv, or P:‘F‘|v|cos0

Simple Harmonic Motion

x(t) = Acoswt
V(1) =-Awsinwt where =—=20f =./—

a (1) = _Aw? cosot

Period of an Ideal Pendulum



Center of Mass for a System of Particles

mlfl + I’I’lzi:z + ...+ mN?N

M =
m+my+..+mpy

m1171 +I112l_/:2+...+ le_/:N mlﬁl +I’I’lzt_i2+...+ mNﬁN

acm =
m+my+..+mpy m+my+..+mpy

VeMm =

Newton's Laws for a System of Particles

Macyy = (my +my + ...+ my)acy = may +mpdy + ...+ myay = EFexternal

Eﬁ, =0
internal

Linear Momentum of a System of Particles
M‘_;CM = m1171 + m2172 + ...+ leT'N = i’l + ﬁz + ...+ i)N = PCM

Conservation of Linear Momentum for a System of Particles
F =0 = Py = constant
E external M

APCM = (m1171 + m2172 + ...+ me"N)final - (mlf)l + m2172 + ...+ mN‘jN)initial =0
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Angular Displacement / Arc Length

A6 (radians) = 6(1)-6, = ~
r

Angular Velocity / Angular Acceleration

AG = lim —

0] =— w; =
average At mnstantaneous Ai—0 At

Aw .
Raverage = Qinstantaneous = 1M
At At—0 At

Corresponding Linear Velocity / Linear Acceleration

Vtangential = '@ Qtangential = ' Aradial = T'W

Rotation with Constant Angular Acceleration

o(t)=w,+o-t
6(t)=60+%(w0+w)-t
6(t)=60+w0-t+%a-t2

0?(6) = w,* +2a- (0-6,)

Torque about an Arbitrary Axis

r| = ‘F“ﬂsin@ = ‘F‘K

T = ‘F tangential



Newton's Laws for Fixed—Axis Rotation

Efexternal =la where I= E mr2

Yz =0
internal

Rotational Equilibrium

> =0
external

Work—Energy Theorem for Fixed—Axis Rotation
1 2 1 2
TexternalAe = Wiotation = B Iwfina — B Iwipitial
Work—Energy Theorem for Combined Rotation and Translation
1 2 1 2 1, 2 I, 2
Wiranslation + Wrotation = (5 MVCM final = 5 MYCM initial) + (5 1OCM final = 5 1OCM initial)
Wiranslation = FxAxcm + FyAycwm
Conservation of Angular Momentum for a Rotating Body
_.external - .
Er =0 = L =Iw =constant

Conservation of Angular Momentum for a System of Rotating Bodies

_.external - .
Er =0 = L=Ela)=constant



Frequency /Wavelength / Speed of Periodic Waves
A : rox . x
v=—=fA where y(x,f) = Asin2x(—-—) = Asinxaf(t-—)
T T A v

Speed of (Transverse) Mechanical Waves on a String

Speed of (Longitudinal) Sound Waves in an Ideal Gas

V= kT where y=C,/Cy

m

Standing Waves for a String Clamped at Both Ends or a Tube Open at Both Ends

2L v
A, =— or =n|—
.= fu=r ]
Density / Pressure
m FJ_
p= v p= A

Atmospheric Pressure

latm = 1.013x 10° Pa = 1.013 x 10> mbar = 760 Torr

Barometric Pressure Formula

p(h)=p(h=0)-pgh  or  p(h)=p(h,)+ pg(hs - h)

Buoyant Force

Fg = PfuidVdisplaced€ = Mfluid&
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Thermal Expansion of Solids

AL _ oAT and AV _ PAT  where p =3a

0 o

Specific Heat Capacity / Latent Heats

C=—— Lf,v,s = %‘ Qf,v,s ‘

Avogadro Number / Ideal Gas Constant / Boltzmann Constant

N4 =6.02x10% R =831 )/mole -K kg =138 x 1072 J/K

Ideal Gas Law

pV =nRT or pV=Nkgl

Average Translational Kinetic Energy per Molecule

Total Internal Energy of an Ideal (Monatomic) Gas
3 3
U =§nRT or U= ENkBT
Constant Volume Heat Capacity of an Ideal (Monatomic) Gas

Cy = %R (permole) or Cy = %kB (per molecule)



Constant Pressure Heat Capacity of an Ideal (Monatomic) Gas

C. =

D R (permole) or C p= ;kB (per molecule)

|

First Law of Thermodynamics
AUgystem = Ufinal = Uinitia =Q = W
Isobaric (Constant Pressure) Work
W = pAV = p(Vinai = Vinitial)
Adiabatic Work for an Ideal (Monatomic) Gas

3 3
W =2 nR(Tinigial = Trinal) -~ 01 W= 2Nk, (Tinitial = Tfina)

Adiabatic Expansion (Compression) of an Ideal (Monatomic) Gas

5/3 5/3
PinitialVinitial” = PfinalYfinal



