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Discovery Through Indirect Observation

Introduction

One of the most important skills in engineering and chemistry is the ability to discover and understand something without directly seeing it.  Atoms, cells, light, and even stars are examples of things that scientists have observed and comprehended throughout history without being able to actually see them.  


In today’s activity, you will try to discover the shape of an invisible object using indirect observations.  In this case, you will observe the way particles bounce off the hidden object and try to guess what the shape is.  You will be using the Indirect Observation Simulator.
Rules/Behavior of the game
The game works like this: 

· Move the small square around the perimeter of the screen using the arrow keys.

· Use the spacebar to fire particles towards the center of the square and into the hidden object.

· Particles that don’t hit anything will pass unaffected to the other side of space

· Particles that do hit the object will bounce off according to the angle of the surface they hit.
· You can try using the grid to help keep track of where particles hit and miss.

· Use “Object 1” as a test object.

· The Object can be unhidden with the “reveal” button.

· You can experiment with Object 1 to see how particles behave (try watching with it revealed and then with it hidden).

· Once you have a “feel” for the way the particles behave, switch to Object 2 or 3 (which cannot be un-hidden).  Try to guess their shapes!  Go back to Object 1 if you need help remembering how particles bounce.

Open the Indirect Observation Simulator here: http://www.mogk12.ya.com/rutherford
Practice Section
· While using the test object (#1), what kinds of bounces did you notice?  Use the space below to draw/makes notes.

Questions, Part 1: Answer these questions as you play the game.

· What strategy did you employ to discover the hidden shapes?  Be as detailed as possible.

· Describe how it felt to try and use indirect observation (the bouncing of particles) to try and guess the shape of the object.  Be specific.
· Think of an example where you have used some kind of indirect observation to discover/understand something?  Describe the example in detail.
· What are your guesses for the shapes?  
Questions, Part 2: 

Two important models for what atoms “look” like are the Plum Pudding model and the Rutherford model.  The Plum Pudding model stated that atoms were mostly empty space with electrons floating around.  In 1911, Ernest Rutherford tested this idea by firing small alpha-particles at a piece of gold, and found that many of the particles bounced back or were reflected off at large angles.  This didn’t make sense if atoms were mostly empty space.  Using his indirect observations, he proposed his own model.
Watch the following  interactive cartoon about Rutherford’s experiment and the two models, then answer the questions below.  

http://www.mogk12.2ya.com/rutherford/ruther_visual.html (originally found here: http://www.mhhe.com/physsci/chemistry/essentialchemistry/flash/flash.mhtml)
· Describe, in your own words, Rutherford’s experiment.  Be as detailed as possible.
· Describe what the indirect observations were in Rutherford’s experiment.  How does this compare to the indirect observations you used in the Indirect Observation Simulator?  
· The Indirect Observation Simulator was designed to be a simple way of putting you in Rutherford’s shoes with a fun and easy-to-understand game.  Compare and contrast Rutherford’s experiment and the Indirect Observation Simulator.

