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The Universe
‣ The Universe is everything, all matter, energy, and space.
‣ The Big Bang Theory explains the origin of the Universe.  It 

states that the Universe began as an extremely small, hot, 
dense point called a singularity.  Approximately 13.7 billion 
years ago, this tiny point rapidly expanded, forming the 
Universe as we know it today.

‣ The Big Bang Theory is supported by two pieces of evidence 
which include:

1. The light emitted by most galaxies is red-shifted, meaning the galaxies 
are moving away and the Universe is expanding.  This means than, if 
you go back in time, the Universe was smaller and smaller.

2. We observe faint cosmic background radiation in the form of microwave 
energy emanating in all areas of space.  We believe this is “left-over” 
radiation from the Big Bang, or the echo of the Big Bang.

Galaxies
‣ A galaxy is a cluster of billions of stars held together by gravity.

‣ Galaxies are classified according to their shape. The three main shapes include spiral, 
elliptical, and irregular.

‣ Our star, the Sun, the Earth, and the rest of our solar system lies in one of the spiral 
arms of the Milky Way galaxy.

Stars
‣ A star is a massive ball of gas that creates its own energy through the process of nuclear fusion.

‣ Nuclear fusion is a reaction in which 
lighter elements combine to form 
heavier elements, in the process 
releasing huge amounts of energy.

‣ A star’s life-cycle and characteristics depend on its mass.  High mass stars are hotter, live shorter lives, and have 
more violent deaths.  Low mass stars are cooler, live longer lives, and have quiet deaths.

‣ The Sun is as average sized, middle-aged star.  
It is said to be on the Main Sequence, meaning 
it is in the active part of it’s life.

‣ The Sun, like many stars, is currently fusing 
Hydrogen in to Helium.

‣ The Sun formed, along with the Earth and out 
solar system, approximately 4.6 billion years 
ago.

‣ The Sun will likely live for another 5 billion years, before swelling in to a Red Giant, then shrinking and dying as a 
White Dwarf.
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44 The diagram below illustrates three stages of a current theory of the formation of the universe.

Stage 1

A ball of hydrogen
exploded.

Stage 2

A huge hydrogen
cloud moved outward

with cloud parts condensing
to form galaxies.

Stage 3 (present)

The galaxies continue
to move outward.

Earth

A major piece of scientific evidence supporting this theory is the fact that wavelengths
of light from galaxies moving away from Earth in stage 3 are observed to be
(1) shorter than normal (a red shift) (3) longer than normal (a red shift)
(2) shorter than normal (a blue shift) (4) longer than normal (a blue shift)

45 The diagram below shows the Moon orbiting Earth as viewed from space above the North Pole. The Moon
is shown at eight different positions in its orbit.
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At which two positions of the Moon is an eclipse of the Sun or Moon possible?
(1) 1 and 5 (3) 3 and 7
(2) 2 and 6 (4) 4 and 8

19 In the diagram below, the spectral lines of hydro-
gen gas from three galaxies, A, B, and C, are com-
pared to the spectral lines of hydrogen gas
observed in a laboratory.

What is the best inference that can be made con-
cerning the movement of galaxies A, B, and C?
(1) Galaxy A is moving away from Earth, but

galaxies B and C are moving toward Earth.
(2) Galaxy B is moving away from Earth, but

galaxies A and C are moving toward Earth.
(3) Galaxies A, B, and C are all moving toward

Earth.
(4) Galaxies A, B, and C are all moving away from

Earth.

20 What is the dewpoint temperature when the 
dry-bulb temperature is 16°C and the wet-bulb
temperature is 11°C?
(1) 5°C (3) 9°C
(2) 7°C (4) –17°C

21 A strong west wind steadily blew over Lake
Ontario picking up moisture. As this moist air
flowed over the Tug Hill Plateau, the plateau
received a 36-inch snowfall. This snow fell from
clouds that formed when rising air was
(1) cooled by expansion, causing water vapor to

condense
(2) cooled by compression, causing water vapor

to condense
(3) warmed by expansion, causing water vapor to

evaporate
(4) warmed by compression, causing water vapor

to evaporate

22 The map below shows a meandering river. A–A′ is
the location of a cross section. The arrows show
the direction of the riverflow.

Which cross section best represents the shape of
the river bottom at A–A′?

23 During which phase change of water is the most
energy released into the environment?
(1) water freezing
(2) ice melting
(3) water evaporating
(4) water vapor condensing

24 During a rainfall, surface runoff will probably be
greatest in an area that has a
(1) steep slope and a clay-covered surface
(2) steep slope and a gravel-covered surface
(3) gentle slope and a grass-covered surface
(4) gentle slope and a tree-covered surface

A A′

( 1 )

A A′

( 2 )

A A′

( 3 )

A A′

( 4 )

A A′

Blue Red
Laboratory
Hydrogen
Spectral Lines

Blue Red

Galaxy C
Spectral Lines

Blue Red

Galaxy B
Spectral Lines

Blue Red

Galaxy A
Spectral Lines

P.S./E. Sci.–Aug. ’02 [5] [OVER]

7 The diagram below represents the shape of the
Milky Way Galaxy.

The Milky Way Galaxy is best described as
(1) elliptical (3) circular
(2) irregular (4) spiral

8 Compared to the temperature and luminosity of
the star Polaris, the star Sirius is
(1) hotter and more luminous
(2) hotter and less luminous
(3) cooler and more luminous
(4) cooler and less luminous

9 The Big Bang Theory, describing the creation of
the universe, is most directly supported by the
(1) redshift of light from distant galaxies
(2) presence of volcanoes on Earth
(3) apparent shape of star constellations
(4) presence of craters on Earth’s Moon

10 Which process requires water to gain 540 calories
of energy per gram?
(1) vaporization (3) melting
(2) condensation (4) freezing

11 Which geographic area is a common source region
for cP air masses that move into New York State?
(1) southwestern United States
(2) central Canada
(3) the north Pacific Ocean
(4) the Gulf of Mexico

12 A parcel of air has a dry-bulb temperature of
24°C and a relative humidity of 55%. What is the
dewpoint of this parcel of air?
(1) 6°C (3) 24°C
(2) 14°C (4) 29°C

13 Which statement can best be supported by the
fossil record?
(1) Humans have lived on Earth throughout geo-

logic history.
(2) The organisms on Earth have not changed.
(3) Most life-forms that existed on Earth have

become extinct.
(4) Dinosaurs existed on Earth for more than

544 million years.

14 The diagram below shows a geologic cross sec-
tion. Letters A through D represent different
rock units.

Which sequence correctly shows the age of the
lettered rock units, from oldest to youngest?
(1) A → B → C → D
(2) C → D → A → B
(3) D → B → A → C
(4) D → C → B → A
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10 The reaction below represents an energy-producing process.

The reaction represents how energy is produced
(1) in the Sun by fusion
(2) when water condenses in Earth’s atmosphere
(3) from the movement of crustal plates
(4) during nuclear decay

11 The diagram below shows the spectral lines for an element.

Which diagram best represents the spectral lines of this element when its light is
observed coming from a star that is moving away from Earth?

Hydrogen + Hydrogen → Helium + Energy
(lighter element) (lighter element) (heavier element)
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25 Which graph best shows the length of a shadow cast from sunrise to sunset by a flagpole in New York State?

26 The diagram below represents possible stages in the life cycle of stars.

Which star has the greatest probability of producing a supernova explosion?
(1) Barnard’s Star (3) Procyon B
(2) Betelgeuse (4) Sun
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IN THE ESRT...  The Electromagnetic Spectrum (p. 14), Characteristics of Stars (p. 15)


