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1 Mechanics Tension on Pendulum

T = mgcost
1.1 Translational Motion
1.4 Work
T = To + vot + Jat?
vf = vy +at * Work
vj = vj +at W = Fdcosf
Wiota = AE

1.2 Force
*Kintic Energy
KE = %mv2

Units: Joules=N*m

Center of Mass

com = mr, +mzzz
I1+I12

*Potential Energy
Ugramty = mgh

_ 1.2
Uspring = 3kT

Newtons 1st Law

inertia, momentum, impluse

*Newtons Second Law
Conservation of Energy

F'=ma E KE+U

Weight = F; = mg total = ) o
AE=AK+AU =0
E =mé

Frictional Force "

mar — N
f K Power
Wi < ps...always p_Aw

At
Units:watt = J/s
Uniform Circular Motion /

2
_ mv
Fc = Magre, =

. 2 " *Spring Force and Work
e F=—kz
, W = lig?
Inclined Plan

Frorma = mg cost

1.3 Equilibrium

Torque Forces
7 =Fxd



2 FlludS P = ,fo = % (equal pressure)
Avdy = Aydy(same AV)
W = Fid, = Fyd, (energy conserved )

small force, small area, big distance

2.1 Hydrostatics

Specific Gravity ~¢large force, large area, small dis-
SG=%object submergerd tance
SG = Laubstance _ height above sur f
SN T T peater . total height .
3 Float or Sink?
Pwater = (T:,‘i]'s' = %#2

pflmdvdzspg =myg

Archimedes Principle = PptuidVaisn = p ob; Vb

= Y _ Ly / -
Fouoy = PfiuidgVeoubmerged Voby " Priwd / 5 (cyeH ) x %
=weight of volume of displaced fluid o .
Veubmergedobject = Visplaced ftuid LY -5 %

2.2 Flow L ! 2 Fleew

Pressure -
pP==L Viscose Force SR :
units: Pa = & Frisconty = nAY% ! >

Unit of = % =Pa-s
Static Pressure 1 Poise = zPa-s S
- pressure of object submerged in fluid — el 0@ \.
Priuia = pgh Posieulle Flow o, \

i QY |
h is height of fluid above object Y= A;—"Lm 7 — Vi “" \\
17 ¢
Absolute Pressure * Continuity Eqn v . L ) é < /\
-adds atm pressure for open container ~ Av = constant 77 ’ )J
Pto(al = Pa,tm + Pf[uzd = Patm + Pguage pAv = Const(lnt wr o
= Patm + pgh AV = AV
Gauge Pressure Turbulence
R

- pressure due to liquid alone Veritical = 5—,}
szmgezptotal‘Patm =Pﬂm’d

Surface Tension
Weight Bernoulli’s Equation h

112 _

F, = pgV =mg P—f— 3PV* + pgh = constant
Pascals Principle Venturi Effect




2.3 Gas Phase

Kelvin Scale

STP

0C or 273K, 1 atm

Vi = V. —nb
n is # of moles
ais a +/- constant

b is a constant

2.3.3 Partial Pressure

1lmole QSTP = 22.41,

2.3.1 Ideal
.

W\LS fLIdg\al Gas Law

PV =nRT
}7\’! = N k&’\'

Mole Fraction

oo Ko el
e Lolet
_f:l—_ Daltons Law of Partial Pressures
ESETTN , Pr=Ps+Pg+P. +..
L. {0
* wﬂ_ ‘ Py = PrXj
&
N

Henrys Law?

* Avagadros Principle

=k

<I=

* Boyles Law
PV =k

Combined Gas Law

_1_1._&_2
T

2.3.2 Non-ideal

2.3.4 KineticMT

Average Molecular Speed

Ké= 1mo? = 3kpT "N e L 7
kg = ¢ "0,

Root Mean Square

Urma = /2

0 \Ed

P (,"\ (C(PC‘[ ‘“\‘ Q C&V‘ Q"LA.¥ \)O\
C, - T Nky

f(,\) n&}

L
Hed Cogueiy@ €077

AN}

W\ (\’\Q

o) Plessuwce

Vanderwalls Eqn of State —/; é__(,:_:‘_f_a - "}{ W Ai-x—\‘) B\J
(P + 2)(V @ nb) = nRT Co=3x " 7 AY T AT

Py =P, +a[2]?



3 Electromagnetism 3.2 Magnetism

3.1 Electrostatics . .
Definition of magnetic field B

Motion of charged particles in mag-

M-S

C L i .
oulombs Law netic fields; Lorentz force Tesla = g
F = k4% ) - CoeZ (Ruwt
| - 'g‘ > ¥ v J
— o2
Electric Field F-® .(\“(33 = 0y &5
E=FE_kK
q r >
3 o JT" ¢ F s A
Q.IS source charge 'of E field | :‘f\u gé R ¢ Qoes e ou
q is the charge feeling the E field P J\\
G N LV
Units: & or 7 - v -
. . , ¢ -
Electric Potential Energy -
U=qAV=qu=k'¢‘-’;°s ﬁ/
“work to move to point from oco” r
Electric Potential > B
v=U 3 {
q A
Units: J/C z
L_ ~ \& _ ¥ o - /
a " . %
{ >
- \ ”5 / 4 \
NP/, i /‘ ,4’ B N . 21
< C,/ pl ¥
B .

Clhono@ v 1 cige €
D
T
1. /J/'/rs:. L’:/\)
X
i It

'S Cil Yy

PN Sel LD &



3.3 Circuits

*Current
1=
At

Units:Amps=C/s

Potential Difference (Voltage)
AV =W kg
q

Units: J/c
Same as EMF in batteries

Kirchoff’s Laws

Conductivity: Metallic
Conductivity: Electrolytic
Meters

3.3.1 Resistance

Resistivity

R = ‘%L, where p is some constant

* Ohms Law
V=IR

Serial Resistors
Requw = R] + RQ +

Parallel Resistors

1 _ 1,1
chuxv - Ry + R2 + v

Power Dissipated by Resistors
P=1v=X=IR

Capacitance (/ © 1
r~ V
C=¢% Q-cu G

) ‘ '~/’ 17 ﬂ}“ 4 C (
Parallel Plates d ’ ~

V = Ed 9
o . Eol
A \

Enerl Storaie

Parallel Capacitors
Coq=C1+Co+ ...

£
%

(ML

Serial Capacitors

L1,
=kt + -

Dialectrics?

v\& efou

o
9‘)%



AN

3.4 Electrochemistry

Oxidations Rules

- Elemental forms are always zero.
Galvanic vs Electrolytic ¥

Galvanic | Electrolytic - Number given in table below are
= overridden when combined with an el-
AG ) +) . e
ement of higher electonegativity
EMF (+) (-) .
- ; -dont confuse with formal charge
Sign of an (-) (+)  /  [Element ox #
Sign of cat (+) (-) ¥ 1) G A T
For both types, “AnOx RedCat”
= Ox @ an, Red@ cat G 2A +2
= e~ flow from an to cat H +1(w/ non-metal)
-1 (w/ metal)
Standard Reduction Potential O | -1 (in peroxides 0, )
t E° =1 Probabilty its reduced -2 (everything else)
(see Gibbs Free Energy below) G7A -1
Cl -1 (except w/ O of F)
. S =277
Standard EMF (induced voltage)
EZ, = Eig+ EZ, Common Oxidizing Agents
measured under standard conditions -oxidizing agents almost always con-
tain oxygen
Gibbs Free Energy -reducing often contain metal ions of
AG°®° = —nFE° hydrides
AG® = —RTInK., | Ox Red
= E° = finK,, O CcO
F=Faradays Constant "=10"5 H>05 C
R=gas constant "=8 Halogens B5H6
n=moles of e~ transfered H2504 Sn2+
RT/F has units of volts HNO3 Hydrazine
NaClO Zn(Hg)
Nernst Equation KMnO4 Lindlars
E = E° — ZinQ Cr0O3, Na2Cr207 NaBH4
(comes from: AG = AG° + RTInQ) PCC LiAlH4
1Q=1lF NAD+, FADH | NADH, FADH

Faradays Law of Electrolysis
It=nF

n = moles of e~

=1



4 Periodic Motion

4.1 Oscillatory Motion

Angular Frequency

=
W=7

for SHM: w = \/_i‘

units: radians/sec

Amplitude

-max displacement from equilibrium
x(t

T cos(wt)

Period
T=2
w
- the time it takes motion to repeat
itself

Frequency
=4

Unit: Hz =1 oscillation/sec

Phase

z(t) = Acos(wt + ¢)
¢ =phase constant

0 >0=leftshift

¢ < 0 = right shift
¢ doesnt effect 4 or f

\

E— )

4.2 Wave Motion

General definition of waves
a traveling disturbance that trans-

ports energy but not matter

Longitudinal Wave
oscillation in same direction as prop-

agation (e.g., sound)

Transverse Wave
oscilation perpendicular direction of

propogation (e.g., a stadium wave)

Period

time over which wave pattern repeats

Wavelength

distance over which pattern repeats

»Propagation Speed

\v=2=27 L=
o - ¢ o~<hand
4.2.1 Sound ‘(— 7= co
w ) W\
Tenet 77~ . (eSS0
Intensity 2 /“./o " /c, '

)
dB = 10logi(£) \/ /
1 (ﬁ‘i [)
o\ L" 2

Doppler Effect*

can actually apply to any wave
(
,

v J' \JD !

r

{ - ./:
Vo4 g

O Pl
vﬂ"’



5 Optics -

5.1 Physical Optics

Properties of electromagnetic ra- |

diation:
Velocity equals constant ¢, in vacuo
Electromagnetic radiation consists of
perpendicularly oscillating electric and
magnetic fields; direction of propagation

is perpendicular to both

Polarization of light: linear and

circular

5.1.1 Interf and Diffrac

Interference Maxima
dsinf = mA
d=distance btwn slits

m=1,2,3....

Diffraction Limit (Rayleigh Cri-

terion)

1.22)
bs = =5

D=diamter of circular apature

theta =angle of seperation

X-ray diffraction
2d sinfl = m A

Diffraction Grating

A

— r
M—ml\

5.1.2 EMR Spectrum

Classification of electromagnetic spec-

trum
| Visual spectrum, color

Photon Energy
E=hf
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5.2 Spectroscopy

Infared

~C v

o’

e

R
>

Vibration

Peak t’(cm- 1)

Shape

O-H

3100-3500

broad

O YRS N-H

3100-3500

sharp

- L 2eH C=0

1700-1750

sharp

|
Lo~ QT

Coalnt

L‘W

\s

peoieg

*Peaks given in wave numbers \wprpAnlis
*Fingerprint: region below 1400.,f~oa ' 7:«)

whaieh o u. €
1 -
Waue# Kxf‘“' ’T Cvﬁl’ﬂ/ Yf

Abs = 2 — log(% Transmitance)
:l %T :T ‘Abs :-\’ r f}"‘pvb‘, Ai
£ et *;'wg,\rsh\ L U S

ot
le 55

Adc—ety

NMR Spectroscopy /-”C‘ O S I S AN
Group | §(ppm) s -t ’

lale oy

O s :10-3
' Alky 3ol syec
« Alkynes 2-3 Keten €S
a,fAlkena #6670 ,
Car S
e

Aroma.lm 6-8.5 »,orow [

r Ade G
Aldehydes | 9-10 o Ak

COOH | 1042 | >Lo A |
#peaks = n + 1, where n is the number o° W 0w a Jocs

_her of non-identicalprotorsHeR -t (0 (5Ov 5
- bondswmar—

fap” < Yiomn -Lod

SaD

10

area underpeak(s) x # tdentical H*
» ( T \ 2 lr;( Ei

UV-Vis (Horo —Lumold BE ~ € o’
! |HO-MO—LUA[()| =1 f
T conjugation =| fopsorntion

\ - L3
u»\ O {’\‘_‘(&‘O&QfALQ (=)

(0 Tean=tiew melal 10-s

T\\“ v u\/
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5.3 Geometrical Optics 5.3.2 Thin Lenses

applies when object size j; A
* Spherical Lense Eqn
5.3.1 Reflec and Refrac

Refractive Index
units: diapters, D=m"!

* Snell’s Law

) Magnification
sinfy _ v _n2 _ AL —
sinbs Vo ny A2 M=
Image hieght
NSO N
Ay oV T [—y3
2 i h
Radius of Curvature
‘(,),;9«*“ ’ﬁv R=2f
. 5.3.3 Spherical Mirrors
e "';{('V 'h"

11



6 Thermodynamics PV Diagrams
W=-area on PV graph

6.1 Heat Eqns W= [ nF-ds=[Pdv

First Law of Thermodynamics

Al}z(é““l'( ’v C Co— Cy ¢ v € ‘
Q =0 Adiabtic Vgl O{\ f('S'(‘V / Vapo ri f(}- ”".' B
W=0 Isovolumetric/Isochoric —_—

AU =0 Isothermal ; !

. c - M

AP =0 Isobaric
Specific Heat
o= QAT

m N
C

Heat Capacity )
me = SQT

Heat of Absorption
Q = mcAT

Heat of Transformation

Q=mL op “+Vaper zeli-
t- LH\,O?

Heat Transfer

Conduction = molec collisions

Convection = fluid motion

Radiation = electromag waves

Thermal Expansion
Aleear = al AT
AAarea =77

Entropy
AS = e

Qrev=heat lost in reverse rxn
T=temp in kelvin

12
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6.2 Chemical Equilibria 6.3 Isobaric Rxns N
[_'»"' (/D_P/_\_.'J 4A\W'—'—>L"‘T&

General Rxn Standard Conditions (°)
aA+bB — cC+dD 25C or 298 K, 1 atm, 1 M concentra-
tion

Equilibrium Constant

rate forward = TAlCreverse Physiological Conditions

K[ ch
Kc = K:q = o = A°(B

Krev

Reaction Quotient Heat of Reaction
Q.= 52k AH,, = ZibH} products
S A pptants
- same applies for entropy and all
AV By other state functions (e.g. pressue, den-
e DPa g nS sity, temperature, volume, enthalpy, in-
A ST ternal energy, free energy; see Hess’s

ot be mwlfP Law)

i o A o Bond Enthalpy —
—1 AH,?J_-n = zt’AI-Ibroken - EiAHformed

/625 Gibbs Free Energy
| AG = AH - TAS /1
AG® = —RTIn(Ku,) -

/

= nx,
;o " T is in Kelvin! N
B o AG? _’;/—70.{?"?;6‘
/’ 6.4 Isovolumetric

/ Calorimetry

‘Z: G - L(;—ro 127 )?u 2

- PR
/7 ':""—'/‘CY"O//,—"- /"6
- - 13
N, - 2170 &

9 - “ Cog_
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7 Kinetics

General Rxn
aA+bB = cC +dD

Definition of Rate

rate — AlAl _ _AB] _ Alc] _ A[D]
a bAt cAt cAt
for simplicity i will say rate = dP/dt,

where P=[Products]
units: 7 = A
General Rate Law
& = k[APF(BY
k=rate constant of rxn
x and y must be determines experi-

mentally for a given rxn at a given temp
example:
(A] | (B]
1.0 | 1.0
1.0(20] 81
2.0(20/159 (S
= rate = k|A]'[B]? S
(Blreadtantsty™ = (Arate)

rate

2.0

I

AN AN

Zero Order
% — kAP(BP = k

First Order
% = k|Aor B]

Second Order
4  k[A(B]
‘—”f = k[Aor B)?

Broken Order

fractional exponents

e P~

. f#r(,.u

Mixed Order

rate constants vary over time

Collision Theory

-
P >
e

£

7 = total # collisions per time

renrate = Z X f

f= fractlon of effective collisions

Cocract ofiebedt (“*CA/OUU"\ c,-—-lrny\

Arrheni

O ULk

k = rate constant of rxn

) e

A= frequency ol (s-1) \ =2
E,= activation energy - L eovmim =, >
= ideal gas constant a e~ “'B ; (T s
T = temperature IN KELVIN to .
m" . - f @
2 0p¢C -
- N

‘/1’ (v ‘\

a9 SleMue
lee)Te AT (nqn.:.(\
A - pQ (¥ N ) o
&AL F,
BN
A Cxe
Cat e
| 2% 'E() / ’|, )
e " N T, )
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Miprat € Acctutres .
\ Mo es (o7

Ve
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cluoc des) N ek €9,
s \ wl.\»u\ Q4 e it
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netuts
WATy, + (DS
‘ 1 ((1'*
(' 1 I"‘x‘ /)

8 Solution Chemistry

8.1 Definitions and Rules

Dilutions

Mole Fraction

X, = mole A
A total moles of all speciers

Molarity (M)

M = moles solute
liters soltuion

Molality (m)

__ mole solute
m= kg solvent
Normality
N = #eguwso{intcrest
- liters soln

? or is it “# g equivalent weights?”

“molarity of the 'stuff’ of interest”

Osmolality
Osmoles = .2cperate molecules

Lsotution

Solubility Rules
1. Water soluble IF cation = alkali

. metal (G1) or ammonium (NH4+)

2. Water soluble IF anion = nitrate
(NO3-) or acetate (CH3COO-)
Refer to Kaplan text for additional

rules to know...
Equivalents

amnt of substance that will produce

or react with 1 mole of H+ or OH- ions

15

8.2 Colligative Properties

Vapor Pressure Depression
(Raoults Law)

Py = XaP;

Boiling Point Elevation

ATy, = iKym

i = # of particles into which com-
pound dissasociates

m=molalility of soln

Freezing Point Depression
ATI = inm
“amount that normal freezing point is

lowered”

Osmotic Pressure
I1=:MRT

R = ideal gas constant

Diffusion

n_ /M
T2 M;
r = diffusion rate

M = molar masses of gasses

Henrys Law?

) S c. !\~
S Y \/~ Voot S0'wisi /
('.j : (-f,v ';lv‘\‘ —_— A .._‘l, x
2 P ub o6 SOli¢
== »
Lsp - [C:l (o] ot darssplver
>y - LY "
A doo— OF
\ vl / \
olect bty MY
Lo . \ . .
tasC Liag o v Scn
PR 34 . P
o\ ¢ \ (L e \',_/"\ t ;9[,»- \ CA !.uo(.)\/\at (Al (f/H
50 )
- ’ (. -
(\’(ov {A\( (rOL\ C‘;vrov\c»)(.’ (z_ O}
-~ » 1~ . . e ,L'
,_w;’,‘\u‘*e C]Op‘ eqor C\C' UZ,

- N

Taio Creare "CENT L geul lare ‘SZO{L—

-



8.3 Acids and Bases

pH approximation

log(m x 10") ~n+ {5

= pH = —log([H*]) = —n — {5

Estimation
log(n x 10™) =~ m + 0.n

. X2 Sy
ky = T-x = z? when acid is weak

pH and pOH
PH + pOH = 14

Acid Disassociation
. [H*)A-
ka = [HA)

Base Disassociation
b, = ol

Water Autoionization
ke = [H*][OH"]

= koky

=(1077)(1077) = 10714

Henderson-Hasselbalch
. A-
pH = pK, + Iog{m‘l]

POH = pK, + logi4

- HA=weak acid and HB=weak base
- can only be used in buffer region

Neutralization w/ reactants 1:1
MV, = MV,

Equivalence Point for acidic
(negative?) AA

PReRr_group+pPKacoonu ~~ PKaR_group+9
2 2

Equivalence Point for basic (pos-
itive?) AA

PKAR-_group+tPKant2 . PKaR_group+2
2 ~ 2

16



9 Atomic Physics 9.1 Periodic Table

Atomic Structure Left to Right
Eetectron = “a#t T Zeys
| Atomic Radii
Ephoton = % 1 IE& EA
| Ionic Radii (except no A for met-
aloids)

Electronic Configuration
77?7 n+) rule
Top to Bottom
Exponential Decay Formula slight] Zeyss
At 1 Atomic Radii
tIE&EA
1 Ionic Radii (including metaloids)

n=mny,==e

Alpha Decay
BSU P Th +3 He

Beta-minus Decay
W05 o Bat% e +Ve

&
cs”

Beta-plus Decay
2Ng -2 Ne+%, et + Ve

17



10 Genetics

Recombination Frequency
Hardy Weinberg Equilibrium

Mendelian Inheritance

11 SI Units

18

I Prefixes
Symbol | Prefiz | 10*
T tera | 12
k kilo 3
— - 0
c centi | -2
m milli | -3
s micro | -6
n nano | -9
p pico | -12
f femto | -15




12 Orgo Nomencla-
ture
Group Prefix Suffix
COOH carboxy- -oic acid
Anhydrides -alkanoyloxy anhydride
-carbonyl
Esters alkoxycarbonyl- -oate
Amides carbomoyl- -amide
nitrile cyano- -nitrile
Aldehydes oxo- -al
Ketones oxo- ket- -one
Alcohols hydroxy- -ol
thiol mercapto- -thiol
amine amino- -amine
alkene alkenyl -ene
alkyne alkynyl -yne
alkane alkyl -ane
ether alkoxy -ane
alkyl halide halo- -ane
nitro nitro -ane

groups are in order of priority from
top (highest) to bottom (lowest priority)

19




