Math 115 Group Homework 7
Fall, 1999

1. Let E betheellipse whose equation is x* +4y* =16.

(8 Thisequation does not define y asafunction of x, since for many valuesof x there
are two corresponding values of y. However, it is still possible to use the function
graphing features of your calculator to draw the graph of E. How? (Noticethat itis
not fair to use the drawing features of your calculator to sketch the graph as a careful
piece of artwork. Y ou must specifically use the function graphing features of the
calculator to accomplish this.)

(b) Sketch acareful graph of E, then use the graph to predict the sign of dy/dx in each
quadrant.

(c) Find aformulafor dy/dx, and useit to confirm your predictions from (b).

(d) Consider this statement: Tangent lines on opposite sides of E are parallel. Thisis
stated alittle Sloppily, since it is not made completely clear what “ opposite sides”
means. Restate this rigorously, so that the reader cannot mistake what it means. Then
use the formulafrom (c) to show that your statement is actually true. Mention any
special points on E where the formula cannot be used, even though the result is still
obviously true at those points.

2. Population biologists sometimes use a curve called the Gompertz growth curve to model
growth in populations. The formulafor the Gompertz growth curveis

N=bx

where N isthe size of the population, the variable t represents elapsed time and is
nonnegative, and the constants b and ¢ are positive.

(8 Useyour calculator to sketch this graph for various values of b and ¢, and decide
what the general shape of this curve will be. Sketch a graph of this general shape by
hand.

(b) Ast® +¥ ,what does N do? Base your argument on the equation for N, not on
the appearance of the graph. (It could be very helpful to break this down into
bitesized pieces by asking yourself questions like the following. Ast ® +¥ , what

does 2°' do? What about - ¢X2"' ?What about 2 °%" ?) Use thisinformation to
locate and carefully label an asymptote on the graph you drew in (a).

(c) Find aformulafor dN/dt and simplify it as much as possible.

(d) Ast® +¥ ,what does dN/dt do? Usetheformulayou found in (c) to answer this,
rather than the appearance of the graph.

(e) Based on the appearance of the graph of N, why would you expect the result you
obtained in (d)?

(f) The Gompertz growth curve often provides a more realistic model for population
growth than the usual exponential model. Why?
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3. The purpose of this exerciseisto show you atechnique that is useful for finding the
derivative of afunction whenitisnot at all clear how to differentiate the function itself,
but it is clear how to differentiate the logarithm of the function.

(8 Supposethat f isadifferentiable function that is positive in the sensethat f (x) >0
for each x inthedomain of f .Findaformulafor LIn(f(x)) intermsof f(x) and
f &€x) . (Notice that you are not allowed to do this just for some particular function

that happens to be differentiable and positive, such as f (x) = x* +1. You must find a
general formulathat works for all differentiable positive functions f .)

(b) Now supposethat f(x)=x", with domain x> 0. Notice that you cannot use the
power rule to differentiate this, since the exponent is not constant, and you also
cannot use the usual rules for exponential functions to differentiate this, since the
base is not constant. However, it is not hard to differentiate In(f (x)). Do so, then

make appropriate substitutions into the formula you found in (a) and solve to find a
formulafor f€Xx).
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