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Date:    Fri, 28 Oct 2005 

From:    Paul Fang 

Subject: using graphs to solve kinematic problems

I've been trying to use graphs (v vs t) to solve as many kinematic problems as I can.  I try to show students that they can use either the graphical model or mathematical model to solve problems.  So far it's been going great.  However, I got stumped on a question.

Unit 3 Review Question 6:

A tailback initially running at a velocity of 5.0 m/s becomes very tired and slows down at a uniform rate of 0.25 m/s^2.  How fast will he be running after going an additional 10 meters?

Can you use a velocity vs time graph to solve this problem?  If not, is there another type of graph?  (students already know how to use the math formula vf=vi+2ad...but I was thinking that we could also use a graphical approach).

------------------------------

Date:    Fri, 28 Oct 2005 

From:    Dan Crowe 

     Yes, this question can be solved using a v-t graph, as follows:

The displacement, (delta)x = 10 m, equals the area under the v-t = graph.

Let t = 0 when the tailback starts slowing down.  The area of interest is a trapezoid with two vertical sides, a horizontal side on the bottom, and a downward sloping side on the top.  The equation for the downward sloping line is v = at + v_0, where the slope, a = -0.25 m/s^2, is the acceleration, and the intercept, v_0 = 5 m/s, is the initial velocity. The width of the trapezoid is the time interval, t.  The displacement equals the area of the trapezoid:

     (delta)x = (1/2)(v + v_0)t

Solving the equation v = at + v_0 for t yields:

     t = (v - v_0)/a

Substituting this expression into the previous equation yields:

     (delta)x = (1/2)(v + v_0)(v - v_0)/a

which can be simplified, yielding:

     (delta)x = [v^2 - (v_0)^2]/(2a)

Solving for v^2 yields:

     v^2 = (v_0)^2 + 2a[(delta)x]

This is a long way to get to one of the standard kinematic equations with constant acceleration, but, if a student likes working with graphs better than memorizing equations, it could be useful.

------------------------------

Date:    Fri, 28 Oct 2005 

From:    "Park, Nicholas" 

     Draw a graph with a 5.0 y-intercept and a -.25 slope, and extend the graph until the area under the graph is equal to 10 m (using trial and error). Not an efficient approach, but good for concept-development. Alternatively, you can extend the graph to an arbitrary time and use slope and area to derive an algebraic expression that can be solved for vf, but in that case why not just use the vf^2 equation we all know and love?


------------------

Date:    Sat, 29 Oct 2005 

From:    "Zawicki, Joseph" 

     The area under the curve will indicate the distance that has been traveled; the students should be able to estimate the point at which the area represents 10 m.  The instantaneous velocity can be read from the graph at that point.   
