NCSSM Talk - The Football Punt

Opening thoughts

Watching the St. Louis, Atlanta playoff game, the St. Louis punter kicked a ball.   At top of the screen a hang-time of 5.1 sec. was recorded while the ball traveled a distance of 62 yds.

Questions that might occur to us!

How hard did he kick the ball?

More specifically, how fast was the ball traveling when it left his foot?

At what angle did he or should he have kicked the ball?

How much effect does the angle have on the distance?

How much effect does the velocity have?  Which has more?

Could lead to the question of how much relative benefit he would gain from getting angle consistent versus working in the weight room to strengthen his leg.

What effects do wind have on the punt?

Initial Analysis

h = –16t2 + V0t + H0 is a familiar equation that relates height and time. (Lets assume H0 = 0 for simplicity.)

If initial height = 0, 0 = –16t2 + V0t, or V0 = 16t.

In other words, if hang-time is 3.5 sec., then V0 was 56 ft./sec.

Is this solution correct?  What have we not taken into account?

h equation above only considers motion in one dimension.

Note graph is often mistakenly misinterpreted.

Two dimensional analysis.

Introduction of vectors.  V0 is a vector that gives the initial velocity of a ball kicked with an initial speed and direction (or at an angle ).

V0t gives the distance the ball will travel (assuming no other forces.)

We must look at the two components of this velocity, the horizontal and vertical components.

X(t) = V0t cos  + Wt and  Y(t) = –16t2 + V0t sin .  (We will assume W and H0 are each 0.)

Calculator analysis using parametrics.

Begin by checking the initial analysis.  What happens if we use t = 4,9 and V0 = 78.4 ft/sec.  We need to assume an initial value for .  (45°?)

Note what happens when  = 90°.  Not surprising!

Assume an angle of 45° and find V0 by trial and error.

Note: There are many possible solutions depending on the angle.

Question 1: How is the distance affected by changing the angle?

Question 2: How is the distance affected by changing the initial velocity, and which has more effect on distance.

Collect Data from the audience.

Note the difficulties presented by parametric mode.  No calc zero available.

We need to decide how to determine X, etc.

Accuracy will improve by taking small Delta t.  t = .05 is fast.  t = .01 more accurate.  Do we wish to interpolate.

Agreement. Let t = .01 and take last X before Y becomes negative.

Speed-up.  Approximate t at balls landing, switch to t = .01 and use value to get close.

Split up responsibility and find different values of X.

Show spreadsheet results.  Compare with audience results.

Show graphs produced on the spreadsheet.

(1) What appears to be the relationship between angle and distance with V held constant?

(2) What appears to be the relation between velocity and distance with  held constant?

Students generally say that (1) is a parabola (quadratic) and (2) is linear.

That (1) is a parabola does not make a lot of sense.  Recall that we surmise that the angle that maximizes distance is 45°.  How would a quadratic relationship help explain this?

Use Data analysis on the calculator to analyze (1) and (2) above.

On calculator, plot ANGLE vs. DAVAR (Dist w/  vary). Perform a quadratic regression.  X = –.04 2 + 3.57  – 13.84;  R2 = .999529

Next plot VEL vs. DVVAR (Dist w/ Vel Vary).  Perform a linear regression.      X = 1.56 V – 57.72;  r2 = .997.

Think: what should –57.72 represent?  Let’s try to look at the residuals. 

With QuadReg, we get X = .0104 V2 + .0017 V – .0838 with R2 = .9999869.

The end of the story: Algebraic analysis.

How are Distance, Initial Velocity and Angle related?

X(t) = V0t cos  and  Y(t) = –16t2 + V0t sin .

But when the ball hits the ground, Y = 0. So 16t2 – V0t sin .

t = 0 (start) and t = V0 sin  / 16

But X(t) = V0t cos  or 
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Finally, we have something that makes sense.

If V0 is constant, X varies as the sin of 2, which has a max at  = 45°

If  is constant, X varies as the square of V0.

Additional investigations (homework).

How does hang-time vary with the angle and initial velocity?

Analyze these relationships using data analysis.

Note we already have the answer from above. t = V0 sin  / 16.

How does height vary initial velocity and angle?

ans:  
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