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I. Size of the Universe

A.  Cepheid Variable Stars – distance 

modulus

B. Hubble’s Law and the Redshift of 

Galaxies

II. Bosons and Fermions

A. Fundamental particles:  

electrons, photons, and 

quarks

B. Composite particles

Understand Stellar Magnitudes

Magnitude scale is logarithmic

Negative numbers are brighter than 

positive numbers



1 magnitude difference = 2.5 times 

difference brightness

2 magnitude difference = 6.3 times 

difference brightness

3 magnitude difference = 16  times 

difference brightness

4 magnitude difference = 40  times 

difference brightness

5 magnitude difference = 100 times 

difference brightness

Absolute magnitude: the magnitude a 

star would have, if it were moved to a 

distance of 10 parsecs from the Sun.

Apparent magnitude: the magnitude 

assigned to the brightness of the star as 

seen on the Earth

Distance modulus 

m - M = -5 + 5 log10 d or 

d = 10 0.2 (m - M + 5)

where m is the apparent magnitude

M is the absolute magnitude

d is the distance in parsecs

Cepheid Variable Stars have a relationship between 

their period of brightness change and their absolute brightness



All distant galaxies appear to be 

moving away from our galaxy

Hubble’s Law v = H0 d

where v is the recessional velocity

H0 is Hubble’s constant

d is the distance to the galaxy

Current accepted value of H0

is  71 (+/- 7) km/s/Megaparsecs

or 22 (+/- 2) km/s/ million Light years

Intrinsic Spin - a property of objects 

visualized as spinning

All objects have spin.  Smallest quantity of 

spin is ½.

Objects have either integer spin:  0, 1, 2, …

Or half-integer spin: 1/2, 3/2, 5/2, …

Objects with integer spin are 

Bosons and obey Bose-Einstein 

statistics

Objects with half-integer spin are 

Fermions and obey Fermi-Dirac 

statistics

The nature of composite objects 

(Hadrons) is determined by adding the 

spins of the particles that compose the 

object. 

Integer spin composite particles are 

Mesons

Half-integer spin composite particles 

are Baryons



Atomic bosons and fermions

Need to look at constituents

4He is a boson

3He is a fermion

7Li, 23Na, and 87Rb are bosons
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I. Chemistry – 33%

A. Chemistry of Atomic Theory

(light, spectra, quantized electrons)

1. Meaning of quantization

2. Relationship between color and energy, 

wavelength and frequency of visible light 

(ROYGBIV)

3. Range of  visible light in nanometers 

(red to violet)

4. Calculate energy, velocity, frequency 

and wavelength of electromagnetic 

radiation using E = hc/λ
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5. Relationship between the energy levels in 

the Bohr atom and transitions requiring or 

releasing energy when electrons change 

energy levels

6.  Use the deBroglie equation to calculate 

wavelength, momentum mass or velocity of 

a particle, λ = h/mv

7.  Calculate the energy of a mole of photons of 

a particular frequency or wavelength

8.  Photoelectric effect with regard to frequency 

or wavelength of light required for a 

particular energy change

B. Chemistry of Alcohols

1. uses and preparations of alcohols, 

especially ethanol, methanol, 

isopropanol, glycerin and ethylene glycol

2. systematic naming of alcohols

3. oxidation reactions of alcohols: primary, 

secondary and tertiary

4. simple dehydration and reduction 

reactions for producing alcohols

5. recognizing names of common natural 

alcohols

6. predicting solubility based on hydrogen 

bonding

NO CALCULATIONS  and 

NO BALANCING EQUATIONS FOR REACTIONS

Nothing about prohibition/alcoholism

Nothing about Grignard reagents or 

organolithium reagents

Nothing on esterification

Nothing on carbocations 

NEED TO KNOW:

E = hc/λ

λ =h/mv

P= mv



WILL BE GIVEN: 

Periodic table

Planck’s constant: h = 6.63 x 10 -34 Joule-sec

Avogadro’s number: n = 6.02 x 10 23

Speed of light: c = 3.0 x10 8 m/s

Mass of Electron = 9.11 x 10-28 g = 9.11 x 10-31 kg

Mass of proton = 1.67 x 10 -24 g = 1.67 x 10 -27kg

SD-CP-Sc-6

Industrial preparation of ethanol 

begins with _______.

A. acetic acid

B. acetaldehyde

C. glycerin

D. ethylene (ethane)

SD-CP-Sc-8

Which of the following is used in 

antifreeze?

A. isopropyl alcohol

B. ethylene glycol

C. methanediol

D. glycerol

SD-CP-Sc-8

Which of the following is used in 

antifreeze?

A. isopropyl alcohol

B. ethylene glycol

C. methanediol

D. glycerol



SD-CP-Sc-18

Hydration of what group results in the 

production of alcohols?

A. hydroxyl

B. carbonyl

C. carboxylic acid

D. alkene

SD-CP-Sc-24

When energy is absorbed by a hydrogen atom 

when an electron in the n=1 state makes the 

transition to n=3 state, radiation wavelength of 

102.6 nm is required.  Which of the following 

transitions would require radiation of a 

LONGER wavelength than this?

A. N=2 to n=4

B. N-1 to n=4

C. N=1 to n=5

D. N=3 to n=5

SD-CP-Sc-26

A photon of light has a wavelength 

of 690 nm.  The color of this light 

would be ______.

A. violet

B. yellow

C. green 

D. red

SD-CP-Sc-28

For any microscope, the smallest object that 

can be observed is one-half the wavelength 

of the illuminating beam.  What is the 

smallest object that can be observed using 

an electron microscope with electrons 

traveling at 5.5 x 104 m/s?

A. 6.5 x 10-9 m

B. 1.3 x 10-8 m

C. 1.3 x 10-11 m

D. 6.6 x 10-12 m
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III.  Biology, Earth and Environmental Sciences
I. Fermentation (40% of biology/earth science content)

A.  Definitions and Overview of Cellular Respiration

1.  Glycolysis

a.  Fundamental initial reactants

b. Fundamental end products

2.  Fermentation

a.  Overview and Main Points and Main Steps

1.  Main Reactants and Products

2.  Alcoholic (or Ethanolic) vs. Lactic Acid Fermentation

and Examples

3.  Importance of Fermentation

4.  Fermentation compared to Aerobic Respiration with

respect to energy transformations and Net Energy

harvest for the cell

B.  History and People in Fermentation

II. Insulin and Diabetes (50% of biology/earth science content)

A.  Diabetes

1.  Definitions, Diagnosis, Impacts and Treatments

2.  Type I and Type II Diabetes

3.   Pancreas Structure and Function

B.  Insulin

1.  History and People

a.  Timeline of important discoveries, isolation, and use

for medical treatment

b.  People important to the discovery, isolation and main 

uses of insulin

2.  Insulin Structure

a.  Primary, secondary, tertiary and quaternary structures of

proteins

b.  Structure of Insulin

3.  Insulin Function in the human body



III. Land Use and Land Use Changes in Indiana

(10% of biology/earth science content)

A. Pre-1920:  from settlement to around 1920

B.  Around the timeframe of our competition

C.  Land Use and Use Changes in Indiana from 1920’s to today

D.  For each period above:

1.  Indiana human population and general population 

distribution

2.  Land cover types – approximate percentages

3.  Roles of Agriculture and Forestry

4.  Land Use changes or impacts generally found within

that period
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