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HIGH   SCHOOL   DAILY   SCHEDULE   (PACKET)   
Time  Acvity  Details  
8:30  Wake   up   and   prepare   for   the   day  ● Get   dressed  

● Eat   breakfast   
9:00   Morning   Physical   Acvity   ● Take   a   walk/jog/run  

● Try   some   simple   exercises    (jumping   jacks,   pushups,   situps,   running   in   place,   high  
knees,   kick   backs  

● Stretch  
● Play   a   sport   

9:30   -  
10:45  

Academic   Time:  
   Math  

 
At-home   learning   packet:   Math  
 

10:45   -  
12:00  

Academic   Time:  
   ELA  

 
At-home   learning   packet:   ELA   

 
12:00  Lunch   and   break   ● Eat   lunch  

● Take   a   break  
○ Video   game   or   TV   me  
○ Rest  

1:00   -  
2:15  

Academic   Time:   
Social   Studies  

 
At-home   learning   packet:   Social   Studies  
 

2:15  Break  Take   a   brain   break   away   from   a   screen.    Try   to   walk   around   outside   for   a   few   minutes,   and  
grab   a   snack   if   you   need   an   a�ernoon   boost.  

2:30   -  
3:45  

Academic   Time:  
Science  

 
At-home   learning   packet:   Science  
 

 

 

 

 

 



 

Tiempo Actividad Detalles 
8:00 Despierta y Prepárate para el día • Vístete 

• Desayuna 
 

9:00 Actividades Física Matutina 
 
 
 
 
 
 
 

• Dar un paseo/trotar o correr 
• Hacer simple ejercicios (saltos de tijeras, 

lagartijas, abdominales, correr en el mismo lugar, 
rodillas altas, Patadas hacia atrás 

• Estirarse 
• Jugar Deportes 

 

9:30-10:45 Tiempo Académico: 
Matemática  

Paquete de aprendizaje en casa: Matemática  

10:45-
12:00 

Tiempo Académico: 
ELA 

Paquete de aprendizaje en casa: ELA 

12:00p Almuerzo y Descanso  • Comer almuerzo 
• Tomar un descanso 

o Este es tiempo para jugar videos y ver 
televisión 

o Descansar 
1:00- 2:15 Tiempo Académico: 

Estudios Sociales   
Paquete de aprendizaje en casa: Estudios Sociales 

2:15 Descanso Tomar un descaso cerebral alejándose de la pantalla, 
caminar afuera por unos minutos, Tomar una merienda 
si es necesario. 

2:30-3:45 Tiempo Académico: 
Ciencia 

Paquete de aprendizaje en casa: Ciencia 



Para recursos adicionales en línea, vaya a 
jpschools.org/learnathome  
 
Para familias que necesitan apoyo académico, por 
favor llamar al 504-349-8999 
 
De lunes a jueves • 8:00 am – 8: 00 pm 
        Viernes • 8:00 am – 4: 00 pm 
 
Disponible para familias que tienen preguntas ya sea 
sobre los recursos de aprendizaje en línea o los 
paquetes de aprendizaje impresos. 
 
 



 
Stars and Elements 

 

 

 

Text Coding 
  
Directions 
As you read through the text, fill in the table with main ideas, examples, and any supporting details for 
the content. A few main ideas have been provided for you. 
 

Main Ideas Examples Supporting Details 

Big Bang nucleosynthesis   

Stellar nucleosynthesis   

Massive stellar nucleosynthesis   
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Stars and Elements 

Stars and Elements 
 
Have you ever wondered about the origin of the chemical elements? 
Would you believe they formed in the stars in the universe? The 
elements that make up all matter on Earth were created during the life 
cycles of stars. 
 
Everything in the universe originated in the first few minutes after the 
big bang. This process, big bang nucleosynthesis , produced a 
massive amount of hydrogen as well as smaller amounts of light 
elements, such as helium and lithium. Heavier elements, such as 
carbon and neon, were formed in the cores of stars during nuclear 
fusion, the joining of two lower mass elements to form a higher mass 
element. Elements as heavy as iron were formed by nuclear fusion in 
more massive stars. Even heavier elements, such as gold and 
platinum, were formed in supernovas, the deaths of massive stars.  
 
Analyzing the absorption and emission spectrum of stars provides us 
with evidence of the process of nucleosynthesis and the creation of all 
elements in the universe.  
 
Origin of Elements 
 
Scientists hypothesize that as soon as one second after the big bang, 
protons and neutrons formed. A hydrogen nucleus consists of a single 
proton, hence the first element was born. Protons and neutrons would 
have crashed into each other and formed the heavier hydrogen isotope 
nuclei, deuterium and tritium, as well as helium and some lithium 
nuclei. There were so many particles during this time that no light could 
pass through; it was like a dense cloud in which particles were 
scattering light in all directions. 
 
What about the electrons? They were present, but the temperature of 
the early universe was too high for them to combine with the nuclei to 
form neutral atoms until sometime between 300,000 to 500,000 years 
after the big bang. When neutral atoms finally formed, light energy 
could travel outward without being scattered. This energy is called the 
cosmic microwave background (CMB) radiation. The CMB is still 
present throughout the universe and has provided us with clues about 
the universe’s formation.  
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Stars and Elements 
 

Stars had to form for most of the elements to be created. Stars are referred to as stellar ovens 
because they use nuclear fusion in their cores to create the lighter elements. This usually occurs in 
the first half of the star’s life cycle. The more massive a star, the heavier the elements it can make in 
its core, up to the elements iron and nickel. 
 
Big Bang Nucleosynthesis 
 
Nucleosynthesis is the creation of new atomic nuclei from 
nucleons, primarily protons and neutrons, under the right 
conditions. Immediately following the Big Bang, the universe 
was a hot, dense place. As this universe expanded, it cooled 
down. Within the first few minutes, protons, neutrons, and 
electrons combined and rearranged rapidly. Hydrogen was 
formed from one electron and one proton joining together. This 
is referred to as Big Bang nucleosynthesis. During this time, 
hydrogen, helium and lithium formed as the building blocks for 
stars and galaxies. No other elements were formed at this time 
because the energy was used up.  

 
Stellar Nucleosynthesis 
 
As the number of lighter elements grew, the force of gravity caused them to come together in large 
clouds of gas and dust and collapse into the birthplace of stars. These areas of coalescence were 
very hot and dense and provided a place for nuclear fusion to begin. With the force of gravity and 
pressure squeezing in, hydrogen nuclei combined to form helium. The byproduct of this fusion was 
energy release, and the newly created stars began to shine. As this energy was released, an outward 
pressure was created in each star. This outward pressure keeps the star from collapsing in on itself. 
The inward pressure of gravity keeps the star from exploding and ejecting its material into space. This 
time of balanced outward pressure and inward gravity is called the main sequence stage  of a star’s 
life.  

 
A star will stay in this state until the hydrogen fuel source begins to run out and the core shrinks due 
to higher mass and stronger gravity. As the star shrinks, the temperature increases and creates 
conditions for helium fusion to occur. Helium fuses into carbon and oxygen. What happens next 
depends on the size of the star. The lifetime of a star depends on how much matter the star has 
during its initial development. Stars formed from a massive amount of matter burn quickly and last as 
little as a few hundred thousand years. On the other hand, stars formed from less matter can last for 
billions of years, as they burn much more slowly. If the star is roughly three times the mass of the Sun 
or larger, the process of stellar nucleosynthesis will continue.  
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Stars and Elements 
For stars that are closer to the Sun’s size, the outer layers of the 
star are shed as the star dies. The star expands and cools and 
becomes a red giant  (figure 3). Red giants can expand to about 
100 million to 100 billion kilometers in diameter, the equivalent of 
100 to 1,000 times the size of our Sun. The outer layers are rich in 
carbon, oxygen, and nitrogen and form a ring structure called a 
planetary nebula. The core, no longer kept inflated by the heat 
generated by fusion, contracts into a ball of super hot matter called 
a white dwarf  star, roughly the size of Earth. 

 
Massive Stellar Nucleosynthesis 

 
Stars that are three times the mass of the Sun or greater have a 
greater gravitational pull that leads to greater temperatures and the ability to fuse carbon, oxygen, 
and nitrogen further. Elements such as magnesium, aluminum, sulfur, and chlorine are created. 
These elements layer upon one another such as an onion, with the lightest elements at the top and 
the heaviest at the core for fusion. Each stage of fusion provides less energy, which forces the star to 
burn its fuel faster to generate enough heat to stay in balance and resist the pull of gravity. 

 
While a star’s life is long, the final fusion processes last only about 12 hours in the most massive 
stars until the fusion into iron begins. In less massive stars, once iron fusion begins, the life span of 
the star is seconds. Fusion cannot carry on past iron because it takes more energy to fuse iron than 
is released. The loss of heat causes the star to begin collapsing, leading to the final stage of 
nucleosynthesis.  

 
 

Supernova Nucleosynthesis 
 

The core of a supermassive star rapidly collapses from tens of thousands of kilometers to only 20 
kilometers in diameter. The process is so violent that the protons and electrons fuse into neutrons in 
the core. The outer layers collapse into the super dense ball of neutrons and rebound. This blasts the 
outer layers back into space. Again, size matters. The more massive of the massive stars will 
rebound so hard that the core collapses further and becomes a black hole. The less massive will 
leave behind a ball of neutrons, forming a neutron star.  

 
During this process of contraction, collision, and rebound, the outer layers mix with one another, 
colliding violently and forming atoms larger than iron. This includes radioactive isotopes, gold, 
platinum, and uranium, which are flung far into space. This is the supernova  stage of a massive 
star’s life cycle and how we came to have heavier elements after the big bang.  
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Stars and Elements 
 

Spectral Analysis 
 

Scientists use the brightness and light spectra,  or colors seen , of 
stars to determine their compositional elements, distances from 
Earth, and movements. The electromagnetic spectrum is a chart 
showing all forms of electromagnetic radiation in the order of 
increasing or decreasing wavelength, or frequency. Only a small 
portion of electromagnetic radiation can be seen as visible light or felt 
as heat, or infrared energy. Figure 4 shows the electromagnetic 
spectrum with the visible light spectrum highlighted.  
 
Any object, when heated past a certain temperature, will produce 
light. The color of the light changes as the temperature increases. 
This is referred to as Wien’s law. Cool objects produce reddish light, while hotter objects produce 
yellow, blue, or violet light. This concept applies to stars. Cool stars are reddish in color, while hotter 
stars are yellow, white, and blue, with blue the hottest. Analysis of the specific wavelengths of light 
produced by a star is called spectral analysis. The HR diagram  shown in figure 5 is a graph of star 
temperature to star brightness. Patterns emerge showing how stars group into categories by these 
characteristics. 
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Stars and Elements 
If light from a star is separated out to show how intense the light is at 
each wavelength, peaks and valleys are visible. Elements create 
specific wavelengths of light as they are heated and release the energy 
as light, called the emission spectrum. For example, sodium produces 
light that falls in the yellow region of the visible light spectrum. This 
information can be used to determine which elements are present on 
the surface of a star. The surface of the Sun shows that hydrogen and 
helium make up 75% and 24.5%, respectively, of the mass. 
 
Light from other stars tends to show chemical compositions similar to 
the Sun’s. But when the light from distant stars shines through clouds 
of dust and gas, some of that light is absorbed by the atoms present. 
This absorption process is similar to the emission spectrum except 
that, instead of bright lines, there are dark bands. This enables 
scientists to detect elements in the clouds of dust and gas that 
surround stars. Analysis of absorption bands shows that clouds of dust 
and gas that surround stellar corpses contain metals, carbon, oxygen, 
and heavier elements in abundance. These elements are not found in 
nearly as high of quantities in the star emission spectrum. Figure 6 
shows absorption and emission spectra for two abundant elements, 
hydrogen and carbon.  
 
 

Distance to the Stars 
 

There are two basic techniques for determining a star’s distance from 
Earth. The first method uses trigonometry and a phenomenon called 
parallax. Parallax is the apparent motion of an object according to the 
change in position of the observer. For example, hold your right index 
finger about 30 centimeters in front of your face. Close your right eye 
and observe your finger’s apparent position with respect to what is 
behind it. Now quickly close your left eye and open your right eye. 
Your finger should appear to move. The distance your finger seemed 
to move is a measure of its parallax (figure 7).  
 
Since Earth makes one revolution around the Sun every year, an astronomer can observe a star on 
two occasions that are six months apart and that are a known distance apart since we know Earth’s 
orbital diameter. The astronomer can then measure the apparent angles and parallax of the star from 
Earth. The distance of the star can be calculated from this data in a process called triangulation. This 
process works well for stars that are about 400 light-years or closer to Earth. 
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Stars and Elements 
This method does not give accurate distances for stars farther than 400 
light-years from Earth. Astronomers have to use an indirect method to 
determine the distances of these stars. Instead, they use brightness 
measurements, which are determined from a star’s light spectrum. They 
determine the star’s absolute magnitude based on the light spectrum 
produced by the star and compare it to the apparent magnitude of the 
star from Earth to estimate the distance to the star. The farther away 
from Earth a star is, the dimmer it appears to us, this is the apparent 
magnitude.  
 
Think about how car headlights look dimmer the farther away they are from you and how they appear 
brighter as they approach (figure 8). Car A and B are the same cars with the same headlights. But as 
Car A is closer, the headlights appear to be brighter, that is similar to a star’s apparent magnitude. 
 
Motion of the Stars 

 
Scientists can study the light spectra of stars to determine their movements. When stars move 
away from us, the wavelengths of the light we observe from them appears to be shifted to the red 
end of the visible spectrum on the electromagnetic spectrum. The faster they are moving away, the 
farther the shift appears. This phenomenon was discovered when looking at galaxies, which are 
easier to see based on their size but can be applied to stars as well. This shift toward the red end 
of the spectrum is aptly called redshift . Similarly, if something is moving towards us, it is called 
blueshift  (figure 9).  
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Stars and Elements 

Beyond the Classroom 
 
The stars have been used for centuries. 
Whether used for travelling across the ocean 
or barren desert, as a calendar for planting 
and harvesting crops, or to perpetuate myths 
and folklore, the stars have played a vital 
role. Ancient cultures used the visibility or 
disappearance of certain stars to help mark 
the changing seasons. The grouping of 
certain brighter stars into recognizable 
shapes made it easier to read the skies and 
resulted in what we refer to today as 
constellations.  
 
Astronomers officially recognize 88 
constellations. These constellations cover the 
sky from the northern to southern 
hemispheres. Currently the constellations include 14 men and women, nine birds, two insects, 19 
land animals, 10 water creatures, two centaurs, one head of hair, a serpent, a dragon, a flying horse, 
a river, and 29 inanimate objects. Some constellations include more than one figure. Even though 
these were named as objects that would be recognizable by most, it is important to note that there is 
little if any resemblance to the figures they are named after. It is assumed that these names were 
meant to be more symbolic than literal, but it is always fun to try and figure out just how they got the 
names they did. 
 

 

 

Using reliable internet resources, research the following: 
1. Who invented the constellations? 
2. Are there any constellations that no longer exist? 
3. How are individual stars named? 
4. Are any constellations considered permanent? 
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Stars and Elements 

Stars and Elements Review 
 
Reviewing Key Terms 
Use each of the following terms in a separate 
sentence.  
 

1. Supernova 
2. Nucleosynthesis 
3. Redshift 
4. Main sequence star 
5. Nuclear fusion 

 
Use the correct key term to complete each of 
the following sentences. 

1. ________ is the range of light waves 
emitted by a celestial body including 
visible light and other electromagnetic 
radiation. 

2. The formation of heavier elements from 
lighter elements is called stellar 
________. 

3. A ________ is what a small to 
medium-sized star becomes late in its 
life when it has used up its hydrogen in 
nuclear fusion and starts burning 
heavier elements. 

 
Reviewing Main Ideas 
 

1. If a star is more massive, it will: 
a. have a longer life. 
b. have a shorter life. 
c. have no life. 
d. live forever. 

 
2. Which element is the most abundant in 

the universe? 
a. Helium 
b. Iron 
c. Hydrogen 
d. Oxygen 

3. What is the final stage of a 
supermassive star? 

a. Neutron star 
b. Black hole 
c. Supernova 
d. White dwarf 

 
Making Connections 
 

1. Describe the relationship between star 
mass and lifetime.  

 
Open Ended Response 
 

1. Describe how we measure the distance 
to other stars. 
 

2. How does stellar mass impact the life of 
a star? 
 

3. What does the color of a star tell us 
about it? 
 

4. Describe the process of nucleosynthesis 
and the order of element production.  
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Biodiversity and Changes in the Ecosystem 

 

 

Bumper Sticker Summary  
 

Bumper stickers like the one below are great at sending a message with just a few words. 

 
 
Directions 
Using the main ideas listed in the first column, write down what you think the topic is about. After 
reading the text, create a concise bumper sticker to relay the content to others. 

Main Topics What I Think It Means My Bumper Sticker Would 
Say . . . 

Biodiversity    

Factors that affect biodiversity   

Carrying capacity   

Habitat destruction   

Overexploitation   

Invasive species   

Pollution and climate change   

Natural disasters    

Conserving biodiversity   
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Biodiversity and Changes in Ecosystems 
 
 

Biodiversity and Changes in 
Ecosystems 
 
Step outside and you may see several types of living organisms such 
as grasses, birds, cats, and squirrels. This is the ecosystem  that you 
live in and share with these different species.  
 
Now, imagine you are standing in the middle of a rainforest. What 
comes to mind when you first imagine yourself there? Is it the 
abundance of life, from the vines, to the swinging monkeys, to the 
many colorful birds flying overhead? Which ecosystem do you think is 
more diverse with living things–the one you live in or the rainforest? If 
you answered the rainforest, you are correct! Rainforests are 
ecosystems with high biodiversity. 
 
Biodiversity 
 
Biodiversity  is a measure of the variety of species and intricate 
interactions that support each other within a geographical region. 
Biodiversity includes the full variety of genes, species, communities, 
and ecosystems within a given space. For example, rainforests 
typically have high biodiversity. Many different species of organisms 
make their home in the rainforest, such as tree frogs, snakes, cats, 
trees, vines, fungi, and monkeys. In contrast, an industrial farm would 
be considered to have low biodiversity. Only a few species of plants 
are grown on the farm, such as wheat or corn. High biodiversity tends 
to add to the stability and resilience , or ability to withstand change, of 
an ecosystem.  
 

An area with high biodiversity is more likely to recover quickly from a 
catastrophic event. Human activities can lead to habitat destruction for 
organisms living in the ecosystem. The loss of habitat can decrease 
biodiversity in an area by making resources scarcer. Competition for 
dwindling resources usually results in fewer types of organisms. In 
some cases, loss of habitat may result in the permanent loss of species 
or genetic variety in species. Decreased biodiversity in an area also 
decreases the stability of the region and makes it less resilient  to 
environmental changes. This is not only problematic for the plants and 
animals in the region, it also decreases resources available for humans. 
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Biodiversity and Changes in Ecosystems 
 

The interaction of biotic and abiotic factors in 
ecosystems helps maintain the stability and 
biodiversity. Ecosystems  can range in size from 
a microecosystem found under a rock to a very 
large-scale ecosystem such as that seen in a 
rainforest. The interactions between organisms 
at each scale help maintain biodiversity and 
stability in the overall ecosystem. Larger 
ecosystems with more biotic and abiotic 
interactions will normally be more resilient than a 
smaller, less biodiverse ecosystem during 
environmental changes. However, any change, 
positive or negative, can have an impact on the 
biodiversity of an ecosystem. 
 
Factors that Affect Biodiversity 
 
Earth is not a static place; it is constantly changing. Natural forces such as volcanos or glaciers can 
cause an entire ecosystem to change. These changes affect all the living components and 
biodiversity of these ecosystems as well. Some changes to ecosystems are a result of human activity. 
Disruptions to ecosystems can be positive or negative and can lead to migration, extinction, or even 
speciation. Depending on the type and size of disruption, new ecosystems may even be created with 
new biotic and abiotic interactions. Ecosystems that have higher biodiversity are able to respond 
better to large disruptions over time. Figure 2 shows different factors that can impact species in 
ecosystems. Each of these factors impacts the biodiversity and stability of these ecosystems as well. 
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Biodiversity and Changes in Ecosystems 
 
 
Remember that every ecosystem has a limit to the number of organisms and populations it can 
support. This is known as the carrying capacity   of an ecosystem. If you notice in the graph of figure 
3, the population size of an ecosystem will grow exponentially until it reaches its carrying capacity. 
Factors that limit population growth in ecosystems are space, competition, disease, predation, natural 
disasters, and human influence. Ecosystems with a larger biodiversity tend to have a higher carrying 
capacity and are more resilient to the different factors affecting biodiversity.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Habitat Destruction 
 
Habitat loss has been one of the biggest driving factors for loss of biodiversity in many different 
ecosystems. Humans are continually encroaching on ecosystems due to urban development and land 
clearing for farming and logging.  
 
When trees and shrubs are removed from well established, biodiverse ecosystems, you are also 
removing the shelter and food that other organisms depend on for survival in that ecosystem. Species 
that cannot adapt to the new ecosystem are forced to leave and find new ecosystems to become part 
of or face death from increased predation, competition, or disease. Species that are able to adapt to 
the new ecosystem are now susceptible to factors that impact urban areas 
such as disease and even being run over when crossing a busy street. 
 
Habitat destruction does not only occur on land. In the oceans, coral reefs 
are home to many species of aquatic life and these ecosystems are the 
most diverse areas in the ocean. However, climate change  and human 
activity have started killing large areas of coral. This, in turn, impacts the 
biodiversity of the species that depend on the coral ecosystem for survival. 
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Biodiversity and Changes in Ecosystems 
 
Overexploitation 

 
When humans overhunt or fish faster than an ecosystem can recover, it results in overexploitation, 
which can lead to the species becoming endangered or even extinct.  
 
The African rhinoceros is a prime example of a species that has been overhunted. In the 1970s and 
80s, poachers would kill the rhinos just to sell their horns. This caused the rhino population to dwindle 
down so small that it became an endangered species. However, conservation efforts are beginning to 
help the rhino population to increase. Some species have not been so lucky. The Tasmanian tiger is 
one species that was overexploited into extinction due to bounties being placed on their heads for 
killing livestock in area farms. The graph in figure 4 shows the overall increase in the percentage of 
threatened species in two different years. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Invasive Species 
 
The introduction of non-native species into new ecosystems can often have disastrous and unwanted 
effects on the biodiversity of the established ecosystem. You may first think that introduction of new 
species into an ecosystem will increase biodiversity. While that may initially be true, sometimes these 
new species can increase competition between the native species or even bring diseases the native 
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Biodiversity and Changes in Ecosystems 
species are not immune to. These are considered an invasive species  and tend to take over in these 
ecosystems and decrease population numbers of native species. 

 
 
 
Kudzu is a fast-growing vine that is native to Japan and was brought to 
the United States in the late 19th century. Figure 5 shows an example 
of the Kudzu plant. While this plant may look pretty as it wraps around 
trees and covers abandoned buildings, it is actually a nuisance 
because of how fast it grows. Kudzu grows so fast it can outgrow and 
outcompete plants and trees that are native to an ecosystem, thus 
decreasing the biodiversity. 
 
 
 
 

Pollution and Climate Change 
 
Humans can impact the biodiversity in ecosystems by overusing pesticides and fertilizers in farming 
and burning fossil fuels in factories and automobiles. These pollutants are carried by rain and runoff 
into lakes and streams, disrupting the balance of these fragile, aquatic ecosystems.  
 
The excess nutrients from fertilizers can cause algae to bloom and cover a pond ecosystem in a 
thick, green layer. This algae is toxic to aquatic animals and can decrease biodiversity due to a mass 
die-off of fish and other aquatic species. 

 
 

The burning of fossil fuels releases 
compounds such as carbon dioxide, 
sulfur dioxide, and nitrogen oxide into 
the atmosphere. Data of atmospheric 
carbon dioxide measurements can be 
seen in figure 6. Data was obtained from 
two separate Antarctic ice cores and 
from present-day direct measurements 
of atmospheric CO2 levels in Mauna 
Loa, Hawaii. Sulfur and nitrogen 
dissolve into the moisture in the air and 
make their way back down to land in the 
form of acid rain. This type of rain has a 
very low pH level and it deteriorates 
forests and aquatic ecosystems.  
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Biodiversity and Changes in Ecosystems 
 

The excess carbon dioxide in the atmosphere has also led scientists to hypothesize that Earth may 
start to warm. Carbon dioxide is a greenhouse gas that acts like a blanket to Earth. If we keep 
increasing the amount of carbon dioxide in the atmosphere, scientists believe that the temperatures 
on Earth will start to rise. Even slight changes in temperatures can have a disastrous effect on 
ecosystem biodiversity. Polar glaciers will start to melt, affecting the Arctic food chains. The melting 
glaciers in turn will cause sea levels to rise, affecting the stability of coastal ecosystems.  

 
Natural Disasters 

 
Examples of natural disasters can include tornados, 
hurricanes, wildfires, earthquakes, and volcanos. 
These natural disasters normally have a catastrophic 
effect on the ecosystems in their paths and can cause 
an extreme fluctuation in biodiversity of species in the 
ecosystem. Those organisms that do survive will have 
to compete for the remaining resources, which can 
further decrease the biodiversity. These ecosystems, 
such as the one in figure 7 may recover over time, but 
it will take tens to hundreds of years to return to their 
stable climax community with high biodiversity. 
 
Conserving Biodiversity 
 
There are many efforts underway to maintain and conserve biodiversity in the world’s ecosystems. 
There are scientists that dedicate their careers to researching living species and their environments 
and preserving Earth’s living and nonliving resources. 
 
One way that humans attempt to compensate for overharvesting is to use artificial reefs. These reefs 
are human-made, underwater structures that promote marine life. They do so by providing surfaces 
for marine plants and animals to attach to on the ocean floor. These human-made ecosystems can 
support complex food webs. However, there are some concerns with artificial reefs. Often they are 
made out of old objects such as oil rigs, train cars, and boats. Such materials may release toxic 
chemicals into the ocean. 
 
Humans are also trying to cut down on pollution by finding alternatives to using oil and coal for energy 
and fuel. Automobiles on the market now have lower emissions and use less gasoline than earlier 
models of the same vehicles. Energy that powers your home is also turning to “cleaner” methods 
such as solar and wind energy. 
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Biodiversity and Changes in Ecosystems 
 

Beyond the Classroom 
 
Biodiversity can be challenging to measure and often requires complex calculations. However, one 
simplified way to estimate biodiversity is to count the number of different types of organisms present 
in an area. This estimation can be used to compare the biodiversity of different areas.  

1. Obtain the following materials:  
a. 10 stakes, posts, twigs, or anything you can use to mark a point in the soil.  
b. Twine, yarn, rope, or any material that can measure a straight distance. You should cut 

three pieces to the following lengths: 0.5 m, 3 m, and 6 m.  
2. Identify a location in a natural area such as the bank of a stream, a desert ecosystem, or a 

forest-floor community. 
3. Use the 0.5 m piece of twine and seven posts to make a circle with a radius of 0.5 m.  

a. Use one of the posts as the central point of the circle. Attach the twine to this post and 
mark six points on the outside of the circle with the remaining posts.  

4. Identify and count all the herbaceous plants and seedlings in this circular area. Herbaceous 
plants and seedlings are defined as those having stems with a diameter less than 2.5 cm.  

a. If the plant is easy to identify, then go ahead and identify it. However, it is not essential 
that you identify the plant correctly. You should try to determine the number of different 
species and how many of each species are present. These plants can be identified 
simply as “herb 1,” “herb 2,” “shrub 1,” etc.  

5. Identify and count any animals in the circle. To do this, you may have to dig through the litter 
on the soil surface. You will likely find many types of invertebrates living on or just under the 
soil, such as worms, ants, or beetles.  

6. Using the original center post, mark an expanded circle with a radius of 3 m.  
7. Identify and count the different types of shrubs, vines, and saplings present in the plot. These 

are defined as having a stem diameter of 2.5–10 cm.  
8. Using the original center post, mark an expanded circle with a radius of 6 m. 
9. Identify and count the different types of trees present in the plot.  

 
 
 
 
 
 
Which area has greater biodiversity and why? 
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Biodiversity and Changes in Ecosystems Review 

 
Reviewing Key Terms 
Use each of the following terms in a separate 
sentence.  

1. Biodiversity  
2. Resilience  
3. Ecosystem  
4. Habitat  

 
Use the correct key term to complete each of 
the following sentences. 

1. ________ are species of plants or 
animals that can take over an 
ecosystem. 

2. The number of organisms that an 
ecosystem can support is its ________. 

3. ________ is the abundance and variety 
of species in an ecosystem. 

 
Reviewing Main Ideas 
 

1. Scientists have measured the number of 
species in different aquatic ecosystems. 
Where would you expect there to be 
less biodiversity? 

a. The Great Barrier Reef in the 
ocean off of Australia 

b. A small, man-made, catfish lake 
at the local park 

c. The Nile River in the tropical 
portion of Africa 

d. Lake Michigan, the largest Great 
Lake 
 

2. Which of the following has the biggest 
impact on biodiversity in ecosystems? 

a. Habitat Loss 
b. Climate Change 
c. Invasive Species 
d. Overexploiting 

 

3. Which of the following is an example of 
an effort to conserve biodiversity? 

a. Use of pesticides 
b. Driving large vehicles 
c. Protecting plant and animal 

species in a national park 
d. Taking a piece of coral for a 

souvenir after a scuba dive  
 
 
Making Connections 
 

1. Describe how habitat loss can impact 
the stability of an ecosystem. 
 

 
2. How does the biodiversity of an 

ecosystem impact its carrying capacity? 
 

 
3. Explain how humans have impacted 

biodiversity in ecosystems. 
 

 
4. If the biodiversity continues to decrease, 

how can that impact humans in the 
future? 

 
 
 
 
 
 
 
 
 
 
 
 
 

8  18



 

Biodiversity and Changes in Ecosystems 
Open-Ended Response 
 

1. Explain some factors that can impact 
the biodiversity of an ecosystem. 

 
2. Describe how a limiting factor can 

impact diversity on different scales. 
 

3. Describe how the biodiversity of an 
ecosystem can determine the stability of 
an ecosystem. 

 
4. Explain the difference between 

resilience and extreme fluctuation in 
ecosystems.  

 
5. Explain how controlled hunting seasons 

impact biodiversity and how it differs 
from overexploitation. 
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Newton’s Second Law of Motion 
 
Have you ever stopped to wonder why some objects are harder to 
move than others? Why is a baseball easier to move than a bowling 
ball? You probably have wondered about this, and logically, it 
makes sense. The bowling ball is heavier, so it doesn’t go as far. 
However, what about the effort?  
 
If a golf ball is hit using all one’s might rather than tapping it with a 
club, would the ball travel farther? Obviously, the ball would go 
farther if one uses all their strength. 
 
Even though this makes sense, there is a much more scientific 
reasoning behind how things behave and why they move the way 
they do. Isaac Newton (figure 1) defined three laws of motion that 
govern how objects and forces interact. This scope focuses on his 
second law of motion. 
 
Newton’s Second Law Formula 
 
Newton’s second law explains the relationship between mass, 
force, and acceleration. Recall mass   is a measure of the amount of 
matter in an object, force  is a push or a pull on an object and 
acceleration  is the rate of change of an object’s velocity. It states 
the acceleration of an object is directly proportional to the net force 
and inversely proportional to the mass. Net force is simply the sum 
of all forces acting on an object.  
 
Based on everyday phenomena, we can describe this law. Here’s 
an example, two vehicles are stalled on the road, one is a very 
large pick up truck and the other is a compact car that only seats 
two people. It takes four people to push the truck off the road and 
just one person to push the car off the road. That is Newton’s 
second law in action! An object that is heavy, or has more mass, 
requires more effort to move than a lighter object.  
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Mathematically, this law may be written as a net force ( Fnet ) equals the product of the mass  of the 
object (m ) and the  acceleration of the object ( a ), or: 
 

F net  = ma 
 

This equation demonstrates that the magnitude of the net force acting on the object is directly 
proportional to the acceleration of the object. It is important to note that the acceleration of the object 
will be in the same direction as the direction in which the net force is applied. 

 
While this law is widely applicable, it has its limits. The force acting on the object must be the net 
external force. This law is also not necessarily valid when calculating forces on objects that are 
traveling at speeds near the speed of light or on extremely small scales, such as the quantum 
mechanics of atoms. For this scope, we will focus on the motion of objects at the macroscopic 
level.  

 
Using SI Units 
 
The Fnet  = ma equation used for Newton’s second law of motion 
also provides the necessary information in order to calculate the 
proper units used for net force. The standard unit (SI unit) for mass 
is the kilogram (kg). The SI unit for acceleration is meters per 
second squared (m/s 2). Therefore, the units of the net force applied 
to an object is the product of those two units, or (kg)(m/s2). As this 
unit can be a little confusing, scientists decided to create an official 
SI unit for force, known as a newton (N) . One newton is defined as 
the amount of  force required to give a 1 kg mass an acceleration of 
1 m/s2 (figure 2). 

Net Force 
 
Newton’s second law is a bridge that links force and acceleration, 
and one must understand what net force is in order to fully use this 
law. Sometimes, the sum of the forces is zero. When this happens, 
the system is at equilibrium, and there will be no changes to the 
object’s motion. Stationary objects and objects traveling in a 
straight line at a constant speed have a net force of zero and are at 
equilibrium. Figure 3 shows a game of tug of war in equilibrium, 
there is no movement because the sum of all forces is zero. 
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When the sum of forces is not zero, the net force is equal to 
the product of mass and acceleration, which is Newton’s 
second law of motion. When objects do not have a zero net 
force, this indicates that the objects are either speeding up, 
slowing down, or changing directions. Figure 4 shows the 
results of a tug of war game where the net force was not zero. 

 
 
 
Friction 
 
Friction, the force that acts against the movement of an object, 
may play a role in applying Newton’s second law. In some 
instances, friction must be overcome before motion occurs. Figure 
5 shows an apple sitting on a book. Friction is the force that 
prevents the apple from moving, maintaining a net force of zero. 
The force needed to overcome friction is not a component of the 
force being exerted on the object. Therefore, subtracting the force 
of friction from the input force allows us to find the net force on the 
object.  
 
Sliding Friction 
 
In everyday life, friction is a common occurrence. Figure 6 depicts 
what is known as sliding friction. This is the force that opposes 
two surfaces that are sliding past one another. As the box is being 
pushed, the surface of the box slides across the surface of the 
floor. Another example would be rubbing your hands together. The 
two objects are sliding across each other and the heat produced is 
due to sliding friction.  
 
 

Static Friction 
 
Friction may also be static, static friction is the friction that 
prevents a stationary object from moving against the surface it is 
resting on. An example could be a stationary box on a ramp 
(figure 7). The static friction prevents the box from sliding down 
the ramp. Another example of static friction is walking. As you 
take a step, your shoe comes into contact with the ground and 
exerts a force, the static friction prevents the shoe from sliding, 
allowing you to move forward. Does static friction exist on ice?  
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Rolling Friction 
 
The final type of friction is rolling friction. This force exists between 
a surface and an object rolling on that surface. An example is a 
bicycle that is moving on a flat surface. As the person pedals, the 
force will overcome the friction of the surface as in figure 8. But if the 
person on the bike does not add any force by pedaling, the bike will 
eventually come to a stop.  

 
Unbalanced Forces 
 
Newton’s second law of motion describes the motion of objects 
acted on by unbalanced forces. Forces are unbalanced when the 
net force acting on an object does not equal zero. This means that 
the object will accelerate in the direction in which the net force is 
acting and is proportional to the magnitude of the net force vector. 
A vector  is a quantity that changes with both direction and 
magnitude. A scalar  quantity is a quantity that is based only on 
magnitude. See figure 10. 
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Acceleration 
 
The acceleration  of an object (figure 11) is a measure of its 
change in motion and is defined as the rate at which the 
velocity of the object changes. Change of direction at 
constant speed is also acceleration, which does not happen 
without an unbalanced force. Earth is always changing 
direction as it orbits the Sun, due to the force of gravitational 
attraction between the two celestial objects. A car racing 
around the oval of a racetrack at a constant speed is 
accelerating, due to the constant change in direction. The applied 
force causes them to accelerate by changing direction. 
 
Acceleration Due to Gravity 
 
Acceleration due to gravity is always constant. This is proven by the 
fact that the ratio of net force to mass remains constant. Mass has a 
direct relationship with force. In this instance, the force we are 
experiencing is weight (force exerted downward).  
 
Each planet has its own acceleration due to gravity, which explains 
why we have the same mass but different weights on different 
celestial bodies. On Earth, a free-falling object has an acceleration 
of 9.8 m/s2, downward. This numerical value for the acceleration of a 
free-falling object is such an important value that it is given a special 
name—acceleration of gravity —and it is represented by the letter g. 
When an object falls on Earth (figure 12), the object’s acceleration 
will be 9.8 m/s2. 

 
It is hard to imagine any aspect of history in which Newton’s laws 
were not applicable. From the movement of the stones that built the 
pyramids to the development of faster and more efficient vehicles, 
we will be eternally grateful for the laws that help explain our 
achievements. 
 
The Mathematical Relationship 
 
Using Newton’s second law we can predict the relationship between 
force, mass, and acceleration. We know that if we have a bowling 
ball and a tennis ball (figure 13) and we exert the same force on both 
objects, the tennis ball will likely travel faster than the bowling ball. 
Newton’s second law proves this to be true.  
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Let’s assume the bowling ball has a mass of 5.0 kg and the tennis ball has a mass of 0.06 kg. We will 
exert 10 N of force on both objects. Using the formula for Newton’s second law, the calculations 
would look like this: 
 

Bowling Ball 
F = ma 
10 N = 5 kg a·   
10 N / 5 kg = a 
2 m/s2 = a 

Tennis Ball 
F = ma 
10 N = 0.06 kg a·   
10 N / 0.06 kg = a 
166.6 m/s2 = a 

 
Even though the same force was exerted on both objects, the object with the higher mass had a 
much smaller acceleration than the object with the lower mass. This is said to be an inverse 
relationship between the mass and acceleration. That is, as one variable increases, the other will 
decrease. Basically, if the same force is exerted on an object, the lower the mass and the higher the 
acceleration or vice versa.  
 
What happens when we change the force exerted? We will use the same example with the bowling 
ball and the tennis ball. In this case, we will have different forces exerted and calculate the 
acceleration. For Trial 1, we will exert 5 N of force and for Trial 2 we will exert 2 N of force. See the 
calculations below: 
 
Trial 1 – force = 5 N 

Bowling Ball 
F = ma 
5 N = 5 kg a·   
5 N / 5 kg = a 
1 m/s2 = a 

Tennis Ball 
F = ma 
5 N = 0.06 kg a·   
5 N / 0.06 kg = a 
83.3 m/s2 = a 

 
Trial 2 – force = 2 N 

Bowling Ball 
F = ma 
2 N = 5 kg a·   
2 N / 5 kg = a 
0.4 m/s2 = a 

Tennis Ball 
F = ma 
2 N = 0.06 kg a·   
2 N / 0.06 kg = a 
33 m/s2 = a 

 
When the force was reduced, the acceleration decreased for both objects. This is called a directly 
proportional relationship in that as one variable (force) is changed, the resulting variable will change 
in proportion to the first variable. Essentially, if the mass of an object is kept constant and the force is 
decreased, the resulting acceleration will also decrease. 
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Newton’s second law is very useful in describing the relationship of force, mass, and acceleration of 
objects. We use this concept regularly in our daily lives. For example, in cars, Newton’s second law 
helps explain why certain cars have a higher or lower gas mileage based on the mass of the vehicle. 
The greater the mass, the greater the force needed to accelerate it. Therefore, larger vehicles 
generally require more gasoline to travel at the same acceleration as smaller vehicles. The more gas 
needed for the same acceleration results in a lower gas mileage. Who would have thought you could 
use Sir Isaac Newton’s law when buying a car!  

Advanced Topics 
Newton’s second law defines the unit of force (the newton) as the amount of force that causes one (1) 
kg of mass to accelerate with a rate of one (1) m/s2. In this instance, we are talking about the inertial 
mass of an object. The inertial mass is the measure of how an object will move when subjected to a 
net force. This is different than gravitational mass which is the ability for one mass to pull on another 
through the range force of gravity. All attempts to measure differences between inertial mass and 
gravitational mass have resulted in finding out they are the same quantity, but they are fundamentally 
different ways of looking at mass. 
 
Inertial mass is an important concept for astronauts on the International Space Station (ISS) because, 
in a “weightless” environment, you would not be able to measure the gravitational mass of a person. 
Tracking the weight (or mass) of astronauts is important, because muscle loss is a serious problem 
for prolonged exposure to microgravity, due to the fact that the human body is not having to 
constantly hold itself up against the gravitational force of Earth. The way astronauts “weigh” 
themselves is to sit on an instrument that delivers a known force and measures the resulting motion 
of the person. Since this measures the inertial mass of the astronaut, multiple measurements 
throughout their stay on the ISS can be used to track any loss in muscle mass prior to their return to 
the surface of Earth. 
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Beyond the Classroom 
 
Read the following article published by the Associated Press, February 6, 2018. 
 

SpaceX launches new megarocket with Tesla car on board 
 
By MARCIA DUNN, AP Aerospace Writer 
 
CAPE CANAVERAL, Fla. (AP) — SpaceX's new megarocket launched on its first test flight Tuesday 
from Florida's Kennedy Space Center as thousands jammed surrounding beaches. 
Some details about the Falcon Heavy rocket, its cargo and what's ahead: 
 
THE ROCKET 
The Falcon Heavy has three first-stage boosters, strapped together with 27 engines in all. Stretching 
40 feet (12 meters) at the base and standing 230 feet (70 meters) tall, the Heavy is a triple dose of 
the Falcon 9, the company's frequent flyer with just a single booster. At liftoff, the Heavy packs about 
5 million pounds of thrust. That's more liftoff punch than any other rocket currently operating in the 
world — by a factor of two — but less than NASA's old space shuttles and Saturn V moon rockets. 
Two of the boosters— recycled from previous Falcon 9 launches — returned minutes later for 
simultaneous, side-by-side touchdowns at Cape Canaveral. There was no immediate word on 
whether the third booster made it onto the ocean platform. 
 
THE CARGO 
SpaceX's Elon Musk also runs the electric carmaker Tesla. So in 
a bit of cross-marketing, he put his own cherry-red Tesla 
Roadster on the Heavy's inaugural flight with a space-suited 
dummy at the wheel. No car has ever rocketed into space before, 
if you don't count NASA's Apollo-era moon buggies, still parked 
on the lunar surface. The Federal Aviation Administration had to 
sign off on the Heavy-Tesla combo. Usually, there are steel or 
concrete slabs or mundane experiments on test flights. The convertible was at the top of the rocket, 
enclosed for liftoff. The protective cover dropped away, allowing the car to travel on its way. Three 
cameras were mounted on the Roadster. 
 
THE DESTINATION 
SpaceX is targeting a long, oval orbit around the sun for the Roadster that will take the car as far out 
as Mars, and have it making laps for a billion years. First up, hours of deep-space coasting through 
the high-energy Van Allen radiation belts encircling Earth. If it weathers all this, the Roadster will 
reach the vicinity of Mars in six months. Musk said that the car could come fairly close to Mars and 
that there's an "extremely tiny" chance it could crash into the planet. Musk is intent on establishing a 
city on the red planet, with hordes of Earthlings and building materials flying there on a 
super-extra-mega SpaceX rocket that is still in development. 
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THE LAUNCH PAD 
The Falcon Heavy lifted off from the same launch pad used by NASA to send astronauts to the moon. 
SpaceX leases Launch Complex 39A from NASA. Not only did LC-39A, as it's known, serve as the 
departure point for all the Apollo moonshots from 1968 to 1972, it was the scene for most of the 
space shuttle lift offs. Its location at Kennedy Space Center keeps people at least three miles away, a 
distance determined by NASA in the 1960s to be safe just in case the Saturn V exploded on the pad. 
 
THE FUTURE 
SpaceX already has customers lined up for the Falcon Heavy. The rocket is designed to hoist 
supersize satellites as well as equipment to the moon, Mars or other far-flung points. The private 
company's online flight manifest shows the U.S. Air Force as already signed up. Other aerospace 
companies are developing rockets and NASA is sinking billions of dollars into a massive new 
rocket called the Space Launch System, or SLS, that's meant to return astronauts to the moon and 
also get them one day to Mars. 
 
Research other space missions since the 1960s and answer the following questions: 
 
How is the SpaceX Heavy different from any other SpaceX or NASA mission? 
Why is the term “heavy” important in the name? 
Why is the use of the Tesla important to the success of this mission? 
How is Newton’s second law related to this mission? 
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Newton’s Second Law of Motion Review 
 
Reviewing Key Terms 
 
Use each of the following terms in a separate 
sentence.  

1. Friction 
2. Mass 
3. Motion 
4. Newton 

 
Use the correct key term to complete each of 
the following sentences. 

1. ________ is the rate at which the 
velocity changes. 

2. ________ is the condition in which all 
forces balance. 

3. The sum of all forces on an object is the 
________. 

 
Reviewing Main Ideas 
 

1. Determine the acceleration that results 
when a 12 N net force is applied to a 3 
kg object. 

a. 4 m/s/s 
b. 6 m/s/s 
c. 12 m/s/s 
d. 36 m/s/s 

 
2. A net force of 15 N is exerted on an 

encyclopedia to cause it to accelerate at 
a rate of 5 m/s2. Determine the mass of 
the encyclopedia. 

a. .33 kg 
b. 2 kg 
c. 3 kg 
d. 45 kg 

 
 

3. If the mass of an object doubles, then 
the acceleration is ________ when the 
force is kept the same. 

a. doubled  
b. halved 
c. kept the same 

 
Making Connections 
 

1. Describe how Newton’s second law of 
motion applies to grocery shopping with 
a shopping cart. 
 

2. How would Newton’s second law be 
used to explain why certain athletes are 
used in certain positions in football? 
 

Open-Ended Response 
 

1. Using Newton’s second law, why do you 
think a cotton ball may not be used as a 
baseball in a baseball game. 
 

2. Give an example of Newton’s second 
law in a real-life application. 
 

3. Explain what forces the Egyptians had 
to overcome when building the 
pyramids. 
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Newton’s second law states that when a force acts on an object, it will cause the object to accelerate. 
The larger the mass of the object, the greater the force will need to be to cause it to accelerate.  
 
Newton’s second law of motion can be calculated using the formula: 
 

F = ma 
 

in which ( F) represents force, (m ) represents mass, and (a ) represents acceleration. This equation 
can be rewritten to represent the force due to gravity ( F g), in which (g ) is the acceleration due to 
gravity (9.8 m/s2).  
 

F g  = mg 
 

1. If mass is measured in kg and acceleration is measured in m/s 2, what units would force be 
measured in? This unit is also know as a newton (N).  
 
 
 
 
 

2. Jack uses a pickup truck to drive to work. Because he was in a hurry this morning, he forgot to 
fill up the tank and ran out of gas. If the truck weighs 1,632 kg and he is able to accelerate the 
car to go 0.07 m/s2 by pushing it, how much net force is being exerted on the car? 
 
 
 
 
 

3. If a bowling ball weighing 3,630 g is accelerating down the alley at a rate of 4 m/s 2, then what 
is the net force applied to the bowling ball? 
 
 
 
 
 
 

4. In Alamogordo, New Mexico, falling rocks are a hazard along US Highway 82. If a rock falls 
from a cliff with 157 N of force, what was the mass of the rock?  
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When studying speed, velocity, and acceleration, it can sometimes be confusing.  
• Speed  (s; m/s) is a ratio comparing distance ( d) traveled to time traveled (t );  

 
 
 
• Velocity (v; m/s) is a vector quantity comparing distance ( d) traveled in a certain direction to 

time traveled (t ); 

 
 
 
• Acceleration  (a; m/s2) is a ratio comparing the change in velocity ( Δv) to time traveled (t). 

acceleration = [ final velocity (m/s) – initial velocity (m/s) ]  
               elapsed time (seconds) 

 
 
 
 

5. A stealth bomber is moving at 600 km/h west and travels to a top velocity of 1,010 km/h west 
in 4 minutes. What is the stealth bomber’s acceleration in m/s 2? 
 
 
 
 
 
 
 

6. Claire rides her scooter to school, traveling 25 km/h. How much time in minutes does it take 
her to travel to her school, which is 4 km away? 
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7. If the circumference of a space shuttle’s orbit around Earth is 42,522 km and the space shuttle 
orbits around it 1.4 times every hour, what is the speed of the space shuttle in km/hour? In 
meters/second? 

 
 
The Guidry Motor Company is testing the effects of an increased payload on the acceleration of its                 
newest model of truck. They loaded the truck with increasing amounts of mass and tested the amount                 
of force it took to achieve an acceleration of  6.10m/s 2.  

 
Mass (kg) Acceleration (m/s2) Force (N) 

2,800 6.10  
2,850 6.10  
2,900 6.10  
2,950 6.10  
3,000 6.10  

 
8. The table shows the conditions the company used for each test. Estimate the result for each 

test run by calculating the amount of force exerted on the truck as the mass increased. Input 
your calculations into the table.  

 
9. Create a graph below charting the net force versus the mass exerted on the truck to achieve 

an acceleration of 6.10 m/s 2. Be sure to label all axes and provide a title for your graph.  
 

 
 

10. Describe the effect of the mass on the net force. 
 
 

11. What does the slope represent? 
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Directions: The passage below is followed by several questions. After reading the passage, choose the best 
answer to each ACT Science practice question. You may refer to the passage as often as necessary. Calculators 
may NOT be used on this test. 

 
Passage I 

 
Eutrophication is a phenomenon where excessive amounts of nutrients are added to a marine ecosystem. These 
nutrients cause plant life like algae to multiply rapidly, leading to very high population densities. In freshwater 
ecosystems, the algae can become so dense that it can turn ponds, lakes or even smaller rivers green. The algae grows 
to an unreasonable level at a very fast rate. The algae are known as phytoplankton and are microscopic, single-celled 
organisms. 

A body of water that is experiencing eutrophication and a resulting bloom can be quickly devastated. Eutrophication 
affects all living organisms in the area including fish, birds and mammals. The top layer of phytoplankton causes such a 
build-up on the surface that they accumulate sediment. When this occurs the sunlight is blocked and it will choke off 
the plant life below the surface. The phytoplankton will also cause less surface area for the water to interface with air. As 
a result, there will be less oxygen available in the water. As oxygen continues to deplete, the depletion can have a 
negative effect on life as there will be less oxygen to support the organisms below the surface that depend on the 
oxygen from plants that diffuses into the water. 

Scientist 1 
The root cause of eutrophication is not known. However, the frequency and increasing incidents of eutrophication point 
to human farming activity as the potential cause. The growth of the phytoplankton is caused by runoff that contains 
multiple sources of nitrates that are also found in fertilizer. The nitrates allow for the phytoplankton to grow rapidly. The 
solution to the problem is to either move the drainage so the runoff from the human farming activity cannot reach the 
water source or move the farms. 
 
Scientist 2 
Sometimes eutrophication can happen naturally without any real cause. Sometimes when there are periods of heavy 
rain, the increase in rain water leads to an imbalance in the pH of the water. This in turn creates favorable conditions for 
the phytoplankton to grow and proliferate. This is a natural cycle that also ensures that too many fish and other animals 
do not build up in a freshwater source. This type of bloom is nature’s way of eliminating overpopulation with an abiotic 
factor. Although many organisms will die as a result, it will help to thin the numbers of organisms and ensure a 
healthier freshwater source. 

 
1. According to Scientist 1, which of the following is the cause of the eutrophication?   
 

 A change in the pH of the water. 

   The increasing changes in phytoplankton. 

 Agricultural run-off from human activity. 

 The build-up of phosphates in the body of water. 
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2. What is the main point of disagreement between Scientist 1 and Scientist 2?   
 

 The source of the nitrogen. 

   The root cause of the eutrophication. 

 The effects of the lack of oxygen. 

 The effect of the plant life in the aquatic ecosystem. 

3. Both scientists would likely agree that eutrophication is     

 algae that will occasionally grow in aquatic ecosystems due to human activities. 

   a bloom of phytoplankton that grows in response to high levels of phosphates. 

 a large build-up of algae that grows at a rapid rate in a body of water. 

 an explosion of algae due to natural factors and the need to reduce overpopulation. 

4. According to Scientist 2, eutrophication is necessary for    

 the control of overpopulation in an aquatic ecosystem. 

   the natural control of the pH of water in an aquatic ecosystem. 

 the normal process that takes place in a pond in response to farmland runoff. 

 the rejuvenation of aquatic life, which thrives during such an event. 

5. Scientist 1 probably mentions farming and agriculture in order to:    

 point to a human activity that would cause eutrophication. 

   show that humans changing natural land is bad for the environment. 

 bolster his case for humans causing a change in the pH of the water that leads to eutrophication. 

 bolster his case that human activity such as farming increases nitrates, leading to eutrophication. 
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6. The end result of a severe eutrophication event will always be:    

 A regrowth of new life because of the nitrates in the water. 

   The death of the phytoplankton when it over-accumulates. 

 A massive die off of both plant and animal life in the aquatic environment. 

 The growth of more plant life in the water as they grow well with plankton. 
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Directions: The ACT Science passage below is followed by several questions. After reading the passage, choose 
the best answer to each question. You may refer to the passage as often as necessary. Calculators may NOT be 
used on this test. 

 
Passage II 

A scientist wishes to study the relationship between the pressure, volume, and temperature of a gas. He conducts three 
experiments, the results of which are recorded below. 

Experiment 1: The scientist varies the volume and pressure of gas in a cylinder while keeping all other factors constant. 
The scientist records the results in table 1 below. 

 
 
 

 
Experiment 2: The scientist varies the volume and temperature of gas in a cylinder while keeping all other factors 
constant. The scientist records the results in table 2 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Experiment 3: The scientist alters the temperature of gas in a cylinder by heating the cylinder and measures the 
pressure at each temperature. The scientist records the results in table 3 below.  
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1. Based on the results of experiment 3, if the pressure of a gas is doubled and the volume 
and amount of the gas in the cylinder is held constant, what will be the impact on 
temperature?   

 

 It will stay the same. 

   It will be doubled. 

 It will be halved. 

 It will be quadrupled. 

2. Which of the following could be the graph of ‘Pressure × Volume versus Pressure?’   

 

 

 

 

 

 

 

 

3. Based on the results of experiment 2, what would be the volume of the gas in the cylinder 
if the cylinder is heated to 350K?       

 1300 ml 

   1400 ml 

 1500 ml 

 1600 ml 
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4. Which of the following experiments will best help the scientist to study the relationship 
between the volume of a gas (in ml) and the amount of the gas (in moles)?   

 
Experiment A: Fill a balloon with one mole of hydrogen gas and another balloon with one mole of 
helium gas, with both at a constant temperature, and measure the volumes of the two balloons. 

   

Experiment B: Fill a cylinder of a fixed volume with hydrogen gas and another cylinder of a fixed 
volume with helium gas, with both at standard conditions of temperature and pressure, and 
measure the weights of the gases in the two cylinders. 

 

Experiment C: Fill a balloon with one mole of hydrogen gas and another balloon with two moles of 
hydrogen gas, with both at a constant temperature and pressure, and measure the volumes of 
the two balloons. 

 
Experiment D: Fill a 1 liter cylinder with hydrogen gas and a 2 liter cylinder with propane gas, with 
both at room temperature, and measure the mass of gas in each cylinder. 

5. Based on the results of experiment 2, if a scientist blows air into a balloon until the 
diameter of the balloon reaches 20 cm and then proceeds to hold the balloon over the 
flame of a Bunsen burner, what is expected to happen to the balloon as it is heated?   

 The temperature of the balloon will stay the same. 

   The volume of the balloon will decrease. 

 The volume of the balloon will increase. 

 The temperature of the balloon will decrease. 

6. Looking at the results of experiments 1, 2, and 3, what would you expect to happen to the 
volume of gas in a cylinder if both the pressure and temperature of the gas are doubled 
and all of the other factors are held constant?   

 The volume will be doubled. 

   The volume will stay the same. 

 The volume will be halved. 

 The effect on the volume cannot be determined. 
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Directions: The passage below is followed by several questions. After reading the passage, choose the best 
answer to each ACT Science practice question. You may refer to the passage as often as necessary. Calculators 
may NOT be used on this test. 

 
Passage III 

 
Allele frequency is how often an allele occurs in a gene pool relative to the other alleles for that gene. Look at the 
example in Table 1 below. The population in the table has 100 members. In a sexually reproducing species, each 
member of the population has two copies of each gene. Therefore, the total number of copies of each gene in the gene 
pool is 200. The gene in the example exists in the gene pool in two forms, alleles A and a. Knowing the genotypes of 
each population member, we can count the number of alleles of each type in the gene pool. The table shows how this is 
done. 

 
 
 
 
 
 
 
 
 
 
 
 
Let the letter p stand for the frequency of allele A. Let the letter q stand for the frequency of allele a. We can calculate p 
and q as follows: 

p = number of A alleles/total number of alleles = 140/200 = 0.7 

q = number of a alleles/total number of alleles = 60/200 = 0.3 

Notice that p + q = 1. 

Evolution occurs in a population when allele frequencies change over time. What causes allele frequencies to change? 
That question was answered by Godfrey Hardy and Wilhelm Weinberg in 1908. 
 
Hardy and Weinberg hypothesized that when certain conditions are met, allele frequencies stay the same. Genotype 
frequencies also remain constant. In addition, genotype frequencies can be expressed in terms of allele frequencies, as 
Table 2 below shows. 

 

Hardy and Weinberg used mathematics to describe an equilibrium population (p = frequency of A, q = frequency of a): 
p2 + 2pq + q2 = 1. 
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1. For the population described in Table 1, how many type A alleles are contributed to the 
gene pool by genotype Aa?    

 20 

   40 

 60 

 100 

2. Based on Table 1, what is the frequency of Allele a?   

 0.25 

   0.30 

 0.40 

 0.70 

3. Based on the information presented, evolution will occur in a population under which of 
the following conditions?    

 When the number of alleles in the population changes over time. 

   When individuals do not choose mates based on genotypes. 

 
When all members of the population have an equal chance of reproducing and passing their 
genes to the next generation. 

 
When the proportion of a given allele relative to the other alleles in the population changes over 
time. 
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4. Based on Table 2, if q = 0.4, what is the frequency of the aa genotype?    

 0.16 

   0.36 

 0.40 

 0.48 

5. If a population of 100 individuals has the following numbers of genotypes for a gene with 
two alleles, B and b: BB = 60, Bb = 20, and bb = 20, what is the frequency of allele B based 
on the table below?   

 0.30 

   0.60 

 0.70 

 1.40 
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Directions: The passage below is followed by several questions. After reading the passage, choose the best 
answer to each ACT Science practice question. You may refer to the passage as often as necessary. Calculators 
may NOT be used on this test. 

 
Passage IV 

 
A group of scientists were studying the growth of bacteria. It is their hope that they will be able to induce the bacteria 
to grow and metabolize oil as a food source. They have taken three samples of Escherichia coli and are growing them 
on nutrient agar plates. The scientists used three conditions to test the E. coli bacteria. The first group was grown at 
37°C on plain nutrient agar plates. The second group was grown at 37°C on plain nutrient agar plates with a 5% oil 
solution. The third group was grown at 37°C on plain nutrient agar plates with a 20% oil solution. The results of the 
experiment are listed in the graph below. 

 

 
1. What is the independent variable in the experiment above?    

 The type of bacteria used. 

   The nutrient agar. 

 The nutrient agar with oil. 

 The number of days the bacteria grew. 
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2. What is the dependent variable in the experiment above?   

 The number of days the bacteria grew. 

   The nutrient agar. 

 The nutrient agar with the oil. 

 The amount of growth of the bacteria. 

3. Which bacterial culture had the greatest rate of growth throughout the 8 day period?  a 

 Only the culture grown on nutrient agar had significant growth. 

   The nutrient agar plate and the 5% oil plate had growth. 

 The nutrient agar plate and the 20% oil plate had growth. 

 The 5% oil and 20% oil plates had growth. 

4. What is the best explanation for why the E.coli grew on the 5% oil plate but not the 20% 
oil plate?   

 The bacteria are used to an environment with 5% oil and not 20% oil. 

   
The bacteria were able to mutate to tolerate a slightly oily environment of 5% oil, providing it had 
other nutrients available and the 20% had far too much oil. 

 The 5% plate had conditions that are similar to the natural environment they are accustomed to. 

 The 5% plate allowed more oxygen to interface with the bacteria because less oil was present. 

5. Why did the nutrient agar bacteria plateau and then drop in numbers as they approached 
Day 8?   

 The bacteria died because they had reached their mature age. 

   The bacteria ran out of nutrients and had reached the carrying capacity of the plate. 

 The bacteria always die after Day 6 in culture. 

 There is no definitive reason why the bacteria died off after Day 6. 
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6. An excellent way to demonstrate that the scientists have induced E.coli to survive and 
metabolize oil would be to:   

 Repeat the experiment several times with 5% oil on a nutrient agar plate. 

   Induce the bacteria on the 5% oil plate to grow on nutrient agar. 

 Take the bacteria from the 5% oil plate and test them on a new 20% oil plate. 

 
Try new bacteria with the same experiment to see if that is the only bacteria that can accomplish 
this. 

Directions: The passage below is followed by several questions. After reading the passage, choose the best 
answer to each ACT Science practice question. You may refer to the passage as often as necessary. Calculators 
may NOT be used on this test. 

 
Passage V 

 
Suppose a car has an oil leak, such that one drip of oil occurs each second. As the car drives down the road, it will leave 
a trail of oil behind it which could be used to describe the car’s motion. 

 

Constant Speed 
When the car is travelling at constant speed, the oil drips are regularly spaced. The average velocity of the car can be 
established by taking measurements of the oil drips. The average velocity of the car is equal to the distance traveled 
divided by the time taken. The car travels at constant speed for the first 10 seconds. Table 1 shows the distance traveled 
by the car during the first 10 seconds. 
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Acceleration 
When an object speeds up, the rate of acceleration can be found by investigating the change in velocity and the time 
taken to make the change. Table 2 shows the car’s velocity over the next 10 seconds of its motion. 
 

 
 
Deceleration 
When an object slows down, the rate of deceleration can be found by investigating the change in speed and the time 
taken to make the change. Starting at t = 20 seconds, the driver applies a constant breaking force to bring the car to 
rest over the next 10 seconds. Figure 2 is a plot of the velocity versus time over the entire duration of the car’s motion 
from (t=0 to t=30 seconds). 
 

 
 
1. What is the velocity of the car at t = 5 seconds?    

 8 m/s 

   16 m/s 

 24 m/s 

 32 m/s 
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2. The car accelerates from t = 10 seconds to t = 20 seconds. What is the car’s acceleration 
(m/s2) during this period if the rate of acceleration can be found by investigating the 
change in velocity and the time taken to make the change?    

 1 

   1.6 

 2.4 

 3.2 

3. What is the car’s acceleration (m/s2) during the first 10 seconds of it motion?   

 0 

   1.6 

 2.4 

 3.2 

4. If instead of applying the brakes at t = 20 seconds, the driver decides to continue driving 
at a constant speed over the next 10 seconds, which of the following could be the graph 
of the car’s velocity versus time over the last 10 seconds of its motion?   
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5. If we wish to determine the velocity of the car at t = 20 seconds by investigating the 
spacing of the oil drops, which of the following describes how we may accomplish this?   

 

First determine the distance traveled by the car from t = 0 seconds to t = 20 seconds by measuring 
the spacing of the oil drops. Then determine the velocity of the car by dividing the distance 
traveled by the time taken. 

   

First determine the distance traveled by the car from t = 0 seconds to t = 20 seconds by measuring 
the spacing of the oil drops. Then determine the velocity of the car by multiplying the distance 
traveled by the time taken. 

 

First determine the distance traveled by the car from t = 10 seconds to t = 20 seconds by 
measuring the spacing of the oil drops. Then determine the velocity of the car by dividing the 
distance traveled by the time taken. 

 

First determine the distance traveled by the car from t = 19 seconds to t = 20 seconds by 
measuring the spacing of the oil drops. Then determine the velocity of the car by dividing the 
distance traveled by the time taken. 

6. Which of the following provides the best description of a plot of the car’s acceleration 
versus time over the 30 second period studied?   

 
An acceleration of 0 m/s2 over the first 10 seconds followed by a positive acceleration over the 
next 10 seconds, followed by a negative acceleration over the last 10 seconds. 

   
An acceleration of 8 m/s2 over the first 10 seconds followed by a positive acceleration over the 
next 10 seconds, followed by a negative acceleration over the last 10 seconds. 

 
An acceleration of 0 m/s2 over the first 10 seconds followed by a negative acceleration over the 
next 10 seconds, followed by a positive acceleration over the last 10 seconds. 

 
An acceleration of 8 m/s2 over the first 10 seconds followed by a positive acceleration over the 
next 10 seconds, followed by a negative acceleration over the last 10 seconds. 
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Stars and Elements Review                              HS Science Packet Answer Key 

-Reviewing Key Terms:  1.  Light Spectra, 2.  Nucleosynthesis, 3.  Red giant / -Reviewing Main Ideas:  1.  B., 2.  C,  3.  B. /  
-Making Connections:  1.  A more massive star has a much greater gravitational force pulling the material of the star inward which creates a hotter 
environment in the core of the star. More heat and energy at the core means the fusion process will happen more quickly and the star will run out 
of fusion fuel sooner. Smaller stars are able to have slower fusion processes in their cores, allowing them to last for billions of years longer than the 
most high-mass stars. /  Open Ended Response:  1.  One way that we measure distances to other stars is by using parallax. Parallax is a measure of 
how much the apparent position of the star changes as Earth moves around the Sun. The greater the change in the position, the closer the star is to 
us. Another way to measure distances is to look at the brightness of the star and compare it to how bright the star should be. All bright objects 
appear dimmer as they get farther away, and the relationship between brightness and distance is well defined., 2.  Depending on how much mass a 
star begins with will determine the type of death for that star. Low-mass stars do not have enough gravitational force to become anything more 
than a white dwarf, while high-mass stars will have their cores crushed so small that a neutron star or black hole will be created., 3.   The color of 
the star can tell us the temperature of the star according to Wien's law. The temperature and mass of a star can then give us an indication of its 
absolute magnitude and therefore a way to find out the distance to that star., 4.  Stellar nucleosynthesis begins with hydrogen nuclei being fused 
together to create a helium nucleus. This process releases enough energy to keep the star stable against gravitational collapse. When the available 
hydrogen in the core begins to run out and the star begins to collapse, helium will begin to fuse into carbon and oxygen. More massive stars can 
then fuse those into higher elements on the periodic table. The heaviest elements are created during a supernova event in which so much energy is 
released that fusion can create elements up through uranium and higher. 
Biodiversity and Changes in Ecosystems Review 
-Reviewing Key Terms:  1.  Invasive species, 2.  Carrying capacity,  3.  biodiversity / -Reviewing Main Ideas:  1.  B., 2.  A,  3.  C. /  -Making 
Connections:  Habitat loss impacts the stability of an ecosystem because there is less shelter and food for the organisms that live there. It will 
increase competition and will either force organisms to leave or face death., 2.  The more biodiverse an ecosystem is, the higher the carrying 
capacity tends to be because the ecosystem is more resilient., 3.  Humans have impacted biodiversity by introducing invasive species, 
overharvesting, and urban development., 4.  There are many ways the decrease of biodiversity can impact humans. Overall, it will decrease the 
resources that are available to humans./  Open Ended Response:  1.  Habitat loss removes shelter and food for organisms. Overexploitation can 
lead to organisms becoming endangered or extinct. The introduction of invasive species can increase competition in an ecosystem. Pollution can 
increase the amount of carbon dioxide in the atmosphere., 2.  Smaller ecosystems tend to have less biodiversity than larger ecosystems and 
are normally less resilient to limiting factors., 3.  The more biodiverse an ecosystem is, the more stable the ecosystem becomes. There will be less 
competition and these ecosystems will normally be able to recover easier from catastrophic events.., 4.  Resilience is a term used to explain how 
ecosystems are able to return back to normal after a catastrophic event. However, extreme fluctuations, such as a volcanic eruption, will have a 
large impact on even the most resilient ecosystem., 5.  Controlled hunting seasons limit the overpopulation of a species, such as deer. Controlling 
the population size reduces competition in an ecosystem. Overexploitation differs from controlled hunting seasons because these organisms will 
either be hunted or fished faster than the ecosystem can recover. This can lead to endangered or extinction in that ecosystem. 
 Newton’s Second Law of Motion Review 
-Reviewing Key Terms:  1.  Acceleration, 2.  Equilibrium, 3.  Net force. / -Reviewing Main Ideas:  1.  A, 2.  C, 3.  B. / -Making Connections:  1. As 
groceries are added to the cart, the mass of the cart increases. According to Newton’s second law, a greater mass will need a greater force in order 
to produce the same acceleration. As you shop, you have to push harder on the cart the more you buy!, 2.  According to Newton’s second law, 
forces produce a change in velocity (or acceleration) for an object. Larger athletes would be best used in positions where they are needed to 
maintain a certain place on the field because it is harder to get them to move (i.e. bigger athletes on the front line). Smaller athletes have the 
ability to move down the field faster because their low mass means a greater acceleration. These athletes are best used as runners or receivers 
because of their high rate of acceleration.  -Open Ended Response:  1.  The cotton ball would have a very low mass compared to the baseball, so it 
should have a much greater acceleration when being hit by the baseball bat. Afterwards, due to the low mass of the cotton ball, air resistance 
becomes a very large factor causing the cotton ball to quickly lose velocity and stop. This means that the cotton ball would not go very far!, 2.  
Answers may vary. In driving, a smaller car is quicker to get to a high speed because the force from the engine acts on a smaller mass to produce a 
higher acceleration. A large truck would not have as much acceleration due to the large mass.  3.  The Egyptians had to overcome friction between 
the blocks and the ground or other blocks in order to move the blocks into place and the force of gravity in order to raise the blocks higher on the 
pyramid.   

Newton’s Second Law of Motion Math Connections 

-Q1:  kg x m/s2, -Q2:  114.24 N, -Q3:  14.52 N, -Q4:  16.02 kg, -Q5:  0.47 m/s2, -Q6:  9.6 minutes, -Q7:  Step 1- 42,522 km x 1.4 = 59, 530.8 km  Step2- 
59, 530.8 km/hr x 1 hr/3,600s x 1,000 m/km = 16,536.3 m/s  
-Q8:                                                                                          -Q9: It should be a straight line starting at (2,800, 17,080) and ending at (3,000, 18,300)   

 -Q10:  An increase in an object’s mass will increase the amount of force needed to achieve an 
equal rate of acceleration. 
 -Q11:  The relationship between mass and force 

 

 

HS Science Answer Key—ACT Science Practice Test 

Passage I 
Q1:  C,  Scientist 1 believes that human farming and agriculture are responsible for the eutrophication of the water. He believes nitrates that are 
being added as run-off are the main cause of the growth of the algae.  Q2:  B,  The two scientists have differing opinions on what the main cause of 
the eutrophication is. Scientist 1 believes it is human based with nitrates as the cause. Scientist 2 believes it is a natural phenomenon with a change 
in pH as the cause.  Q3:  C,  Both would agree on what eutrophication is. They would both say that it is an explosive growth of algae known as  48



phytoplankton. They both indicate this in their passages.  Q4:  A,  Scientist 2 believes that this event is meant to prevent overpopulation in an 
aquatic environment. He believes that the die-off is necessary to manage overpopulation. Thus, only those organisms that survive can replenish the 
environment. This ensures that only the strong survive and reproduce.  Q5:  D,  Scientist 1 believes that the main cause of the eutrophication is 
nitrates from farming fertilizer. So he mentions this to bolster his case for his suspected cause of the algal bloom.  Q6:  C,  Eutrophication is a 
devastating condition. The overgrowth of algae will build up to the point where the sun is blocked. The oxygen interface with the water is also 
compromised. Between the lack of sun for plants and the lack of oxygen, the aquatic ecosystem will eventually die off. 
Passage II 
Q1:  B,  From table 3, it can be seen that as the temperature increases, the pressure increases. Since temperature is directly proportional to 
pressure (P/T = 3), it can be inferred that doubling the pressure of the gas will lead to a doubling of its temperature.  Q2:  D,  From table 1, it can be 
seen that ‘Pressure × Volume’ is constant as pressure increases. Only answer choice (D) shows a constant ‘Pressure × Volume’ as the ‘Pressure’ 
increases.  Q3:  B,  From table 2, it can be seen that the ratio of volume to temperature is constant. This constant ratio represents the slope of a 
linear relationship; volume divided by temperature will always equal 4. The question gives a temperature; the table provides the ratio value, so the 
unknown volume can be calculated. Stated algebraically:                                                   Multiply both sides by 350 K to determine the volume  
 
(notice that multiplying both sides  by units of K yields a quantity in units of milliliters).  Unknown Volume = 1400 ml  Q4:  C,  In order to study the 
relationship between the volume of a gas and the amount of that gas, the scientist should set up an experiment in which only those two factors 
vary, with all other factors held constant. Experiment C is such an experiment. Experiment A will not work because it is necessary to hold both the 
temperature and the pressure constant, but as described, only the temperature is held constant. Experiment A also does not vary the relative 
number of moles. Experiment B will not work because the volume is held constant. It is necessary to vary the volume in order to study the 
relationship between the volume and the amount of gas. Experiment D will not work because pressure is not held constant.  Q5:  C,  From 
experiment 2, it can be seen that as the temperature increases, volume also increases. Therefore, it is expected that as the balloon is heated, the 
volume of the balloon will increase.  Q6:  B,  From experiment 1, it can be seen that volume is inversely proportional to pressure; as pressure 
increases, volume decreases. From experiment 2, it can be seen that volume is directly proportional to temperature; as temperature increases, 
volume increases. Since volume is directly proportional to temperature and inversely proportional to pressure, doubling the temperature of the gas 
will offset the effect of doubling the pressure. The net effect is no change in volume. An experiment to illustrate this would involve heating a 
cylinder of gas to twice its original temperature while doubling the original pressure by compressing the gas with a piston. The heating will cause 
the volume to double, but the compression will cause the volume to be halved. The volume can be expressed as the product of each change:  ½ * 2 
= 1. 
Passage III 
Q1:  B, If you read Table 1 correctly, you should see that the cell at the point of intersection of the third row and the third column in Table 1 
contains the needed information. 40 type A alleles are contributed to the gene pool by genotype Aa.  Q2:  B,  The frequency of allele a is calculated 
and reported right below Table 1. The frequency of allele a is q.  q = number of a alleles/total number of alleles = 60/200 = 0.3   Q3:  D,  We are told 
that “Evolution occurs in a population when allele frequencies change over time.” Answer choice (A) is incorrect because if the number of alleles in 
a population changes but the proportion of that allele stays the same, then the frequency of that allele will stay the same because the “frequency is 
how often an allele occurs in a gene pool relative to the other alleles for that gene”.  Q4:  A,  Based on Table 2, the frequency of the aa genotype is 
q². Therefore, if q = 0.4, the frequency of the aa genotype = 0.4² = 0.16.  Q5:  C,  The frequency of allele B is 0.7.  Let the letter p stand for the 
frequency of allele B. Let the letter q stand for the frequency of allele b. We can calculate p and q as follows:  p = number of B alleles/total number 
of alleles = 140/200 = 0.7  q = number of b alleles/total number of alleles  = 60/200  = 0.3 
Passage IV 
Q1:  C,  The independent variable is percentage of oil solution on the agar plates. The scientists are hoping to induce the metabolism of a bacteria 
to eat and survive on an oil plate. That is the “new” change that is introduced in this experiment. Q2:  D,  The dependent variable is always what 
occurs in response to the independent variable. In this case, the amount of growth displayed is the response.  Q3:  A,  The nutrient agar plate is the 
only plate that showed any significant growth. Although there was a small amount of growth on the 5% oil plate it was very insignificant.  Q4:  B,  
The bacteria had to mutate in order to survive in a hostile environment. As a result, there must have been some bacteria there were able to mutate 
and survive on slightly oily conditions like the 5%. However, the 20% may have been far too toxic an environment for the bacteria to survive on.  
Q5:  B,  In a closed, small environment, all organisms will eventually reach carrying capacity. Carrying capacity is that point at which food resources 
have been depleted and wastes have accumulated. As a result, there is a massive die off of the organisms as the environment can no longer sustain 
growth.  Q6:  A,  One way to validate the results of any experiment is to show that the results are reproducible. A reproducible result demonstrates 
that there is proof of the experiment working each time. This means the results were not a one time event and can be considered a norm. 
Passage V 

Q1:  A,  You can read off the car’s velocity at t = 5 seconds from the velocity-time graph in figure 2. At t = 5 seconds, 
the car’s velocity is 8 m/s.  Q2:  B,  The acceleration is the change in velocity divided by the time taken to make that 
change. From Table 2 and Figure 2, we see that the car’s velocity at t = 10 seconds is 8 m/s and the car’s velocity at t = 
20 seconds is 24 m/s.   

Q3:  A,  The acceleration is the change in velocity divided by the time taken to make that change. From Figure 2, we 
see that the car has a constant velocity during the first 10 seconds. In other words, the velocity did not change during the first 10 seconds. 
Therefore the acceleration is 0 (m/s2).  Q4:  C,  If the velocity is constant, the graph of velocity versus time will be a straight horizontal line.  Q5:  D,  
Since the car accelerates from t = 10 seconds to t = 20 seconds, we must determine the velocity at t = 20 seconds by investigating the spacing of the 
oil drops close to t = 20 seconds. If we look at the spacing of the oil drops from t = 19 seconds to t = 20 seconds, we can get an accurate measure of 
the car’s speed at t = 20 seconds by dividing the distance traveled by the time taken.   Q6:  A,  The car travels at a constant speed (acceleration = 0 
m/s2) over the first 10 seconds. It then accelerates over the next 10 seconds (positive acceleration) before decelerating (negative acceleration) 
over the last 10 seconds. The relationship between mass and force.             
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