12 [15+10 points] 1

1la. Evaluate the limit lin{ T3 . (Do not use L’Hépital’s Rule! )
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1b. Suppose that a differentiable function f satisfies
fl(2) +3f(2%) = fz)* &

for all x>0 and f(1) =5. Find f"(1).
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2a. Find an equation for the tangent line to the graph of y = tan3(g) at the point with z = 3.
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2b. Suppose that a differentiable function f satisfies
—llzl = 2| < f(2) < || &
for all . Show that there is ¢ such that f'(c) = 0.
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3. For a point P on the curve y = z* 4+ 5 different from (0,5), let 7 and Q be points on the z-axis
such that the line PT is tangent to the curve at P and PQ is perpendicular to the z-axis. Let A be
the area of the triangle PQT. Assume that the coordinates are measured in centimeters and the time
is measured in seconds.

Find all possible values of the z-coordinate of the point P at a moment when A is decreasing at a rate
of 6 cm®/s and the z-coordinate of the point P is increasing at a rate of 2 cm/s.
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4. A function f, which is continuous on [0, c0) and twice-differentiable on (0, co), satisfies the following
conditions:

@ f(0)=2, fB—vB)=1++5, f(2)=3

@ lim f(z) =0

G fl(x)>0for 0<z<3—+5,and f(z)<0 for z>3—+5
@ Ij}l}jaf(il?):m

® f'(z) <0 for 0<z<2,and f’(z) >0 for z > 2

a. Sketch the graph of y = f(z) making sure that all important features are clearly shown.
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b. Fill in the boxes to make the following a true statement. No explanation is required.

b
The function f(z) = oyt
D4

if @, b and ¢ are chosen as

satisfies the conditions (1)-(5) at all points in its domain

a= ‘;Urz , b= é{ and ¢= 2/




