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Name: ______________________________________
Date: ________________________

Gizmo Activity: Models
[Note: This activity requires you to use the Building Pangaea, Gravity Pitch, and Disease Spread Gizmos™.]
Learning goals
After completing this activity, you will be able to … 

· Describe advantages and limitations of models.
· Understand how gravity allows planets to move in orbits around the Sun.
Vocabulary: conceptual model, physical model, scientific model, simulation
Warm-up questions 
1. Give a few examples of how people use maps and globes.  __________________________
_________________________________________________________________________
_________________________________________________________________________
2. Is it possible for a map or globe to perfectly represent Earth’s surface? Explain. __________

_________________________________________________________________________

Scientific models
A scientific model is a simplified, artificial version of the real world. A map or globe is a model of Earth’s surface. Like all models, they only show certain details. For example, you may use a map or globe to find what states border Iowa or the general shape of North America, but you would not use a map to find the mass of the Earth or the current water level of Lake Travis.
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Maps and globes are physical models. They are objects that represent nature. Scientists and engineers use physical models to investigate the world. James Watson used cardboard cutouts of protein molecules to find the structure of DNA.
The Building Pangaea Gizmo, shown to the right, includes a model of the Earth’s land masses you can use to investigate how Earth’s surface may have looked long ago. 
Open the Building Pangaea Gizmo now.
Gizmo mini-activity using the Building Pangaea Gizmo

1. Does the model in the Gizmo show the Mississippi River?  __________________________
2. Australia’s actual area is nearly four times that of Greenland. How does that compare to the model in the Gizmo? ________________________________________________________
3. The theory of continental drift states that all the Earth’s land masses were once a single continent called Pangaea. See if you can approximate what Pangaea may have looked like by fitting the landmasses together like a puzzle. You can drag a land mass by grabbing its middle. You can rotate a land mass by grabbing its edge.
4. Is it easier to investigate how land masses fit together by using a model or by moving Earth’s actual land masses? __________________________________________________
5. Earth’s continents have highly complex coastlines. The model shows a less detailed version. Give examples of other simplifications used by the model in the Gizmo.

_________________________________________________________________________
 _________________________________________________________________________
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Abstract Models
In addition to physical models, scientists and engineers often use abstract models to illustrate, study, and answer questions about nature. Abstract models are non-physical systems that often include scientific concepts.
In the 17th century, Sir Isaac Newton created an abstract model describing how objects move. This model included scientific ideas like force, mass, velocity, acceleration and gravity. The image to the right uses arrows to represent velocity and gravity for a planet orbiting a star.
A simulation is a special kind of model that uses an abstract model to show how a system changes over time. The Gravity Pitch Gizmo contains a simulation based on Newton’s laws. The simulation calculates the path of a baseball thrown by a super-strong giant standing at the North Pole. 
Open the Gravity Pitch Gizmo now.

Gizmo mini-activity using the Gravity Pitch Gizmo

1. On the Planet menu, select Custom. Make sure velocity is 3.0 km/s. Press Play ([image: image7.png]


). 
A. Describe what happens to the ball.  ______________________________________

___________________________________________________________________

B. Is this what happens when you throw a ball? _______________________________

2. Change the Planet’s mass to 0.3. Press Play again. How did reducing the planet’s mass change the path the ball took? ________________________________________________
3. Newton claimed that the reason thrown objects eventually land is that all objects pull on all other objects with an invisible force. The more mass an object has, the stronger the pull. Thus the Earth’s mass pulls the thrown object toward it, causing it to go downward.

A.
How does Newton’s description of gravity explain your observation in question 2?

 ______________________________________________________________________
B.
How do you think the ball will travel if the planet’s mass were 0.0? _________________
______________________________________________________________________

C.
Set the Planet’s mass to 0.0 and press Play. What happens? ____________________
______________________________________________________________________
4. Change the Planet’s mass back to 1.0. Set the velocity to 4.0 and press Play. Then repeat with velocity set to 5.0 and 6.0. 
A. How does increasing the velocity change the ball’s path? ________________________

B. Set velocity to 7.0 and press Play. What happens? ____________________________

______________________________________________________________________

5. Newton’s theory claims that gravity works between any two objects, so it also pulls the Earth toward the Sun. How does this explain why Earth stays in orbit around the Sun?
_________________________________________________________________________

_________________________________________________________________________
Simplification
Simulations can be useful for illustrating scientific ideas. For example, in the previous mini-activity you were able to show how Newton’s model for motion connects the motion of objects on Earth to the motion of planets around the Sun. But models can also be used to simplify complex problems.
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All models use simplifications. While simplifications can limit a model, they also sometimes make it easier for scientists to answer questions. For example, Newton was unable to determine the exact path of planets because his theory claimed that every object pulled on every other object. The Sun pulls on the Earth through gravity, but Earth is also pulled by Mars, Venus, Jupiter, the Moon, and everything else in the universe. This version of Newton’s theory is impossible to use mathematically.
Instead, Newton used an even simpler version of his model to analyze the motion of planets. When calculating the orbit of Earth, Newton ignored all the other planets and Earth’s Moon. Using this highly simplified model allowed him to prove mathematically that Earth’s orbit was approximately an ellipse. He did this without calculators or computers! 
Sometimes simplifications cause a model to fail. Newton tried to study the Moon’s orbit by using a simplified model containing only the Earth and Moon. The Moon’s orbit changes each year by 40 degrees, but Newton’s model only predicted a change of 20 degrees each year. 
For over fifty years, scientists were not able to make Newton’s theory match the Moon’s motion. Then, in 1747, a French mathematician named Alex Clairaut (klerOH) showed that Newton’s theory does explain the Moon’s motion, but only if you use a model that includes the Sun as well as the Earth and Moon. Newton’s simplified model was too simple.
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1. What model you might use to analyze the orbit of Jupiter. What would be in your model?
_________________________________________________________________________

2. Albert Einstein disproved Newton’s theory of motion in 1905. He later published his own theory based on curved space and time. This theory requires very difficult mathematics to use. Einstein’s model is generally accepted by physicists as the most accurate theory for motion. Yet, most scientists and engineers still use Newton’s laws rather than Einstein’s theory when doing their work. Why do you think they do this?

_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________
Practical use of models
Unfortunately, some phenomena are so complex that they are hard to model accurately. Weather is difficult to forecast because there are so many factors that affect the Earth’s atmosphere. The models used by meteorologists cannot take into consideration all the factors and all the relevant data.
Sometimes models are limited by a lack of scientific theory. For example, even today scientists do not have a full understanding of cloud formation, and this limits the reliability of models for how climate changes over time.

But often models have high practical value for scientists. For example, some experiments would be unethical, expensive, or impossible to run in real life. Scientists can use models and simulations to investigate these situations. You can see an example of this using the Disease Spread Gizmo. 
Open the Disease Spread Gizmo now.

Gizmo mini-activity using Disease Spread Gizmo

1. Select the CONTROLS tab, uncheck the Foodborne box, and select the Person-to-Person box. Select the SIMULATION tab and then press Play. What do you see?

_________________________________________________________________________

_________________________________________________________________________

2.  Select the GRAPH tab. Describe the graph. Use the horizontal and vertical zoom controls to zoom out as far as you can. Describe the shape of the graph.
_________________________________________________________________________

_________________________________________________________________________

3. What are some advantages of using a model to simulate the spread of disease instead of using a real-life experiment? __________________________________________________

_________________________________________________________________________

4. What aspects of real disease spread are not shown in the simplified model of the Disease Spread Gizmo?
_________________________________________________________________________

_________________________________________________________________________

_________________________________________________________________________
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