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1. A TurorING RooM 1S OPEN
7-9 p.m, Monday, Tuesday, Wednesday, Thursday, Room 140 Lincoln Hall.

2. ExaAwm, FrRIDAY OCTOBER 17, 11 A.M.

On material through volumes of rotation (homework for Thursday).

Section 4 (Liu Qi), Section 5 (Liu Qi) Section 6 (Michael Barrus), Section 8 (Scott
Weaver) will take the exam in Room 314 Altgeld Hall.

Section 2 (Isaac Goldbring), Section 7 (Isaac Goldbring), Section 9 (Timothy
LeSaulnier) will take the exam in Room 100 MSEB (Materials Science Engineering
Building, North-West corner of Green and Mathews.) People in these sections must
go to this room and not Altgeld Hall to take the exam.

Everyone should by now know their discussion section and section instructor. You
will need to enter that on your examination. Bring your U of I identity card to show
when turning in the exam.

Review Thursday September 16, Rooms 245, 443, 445 Altgeld Hall, 7-9 p.m.

3. HOMEWORK 23 DUE TUESDAY, NOVEMBER 14 AT 9 A.M.
Section 5.8: #2, 4, 8, 14, 18, 20, 24, 26, 28, 36.

4. HOMEWORK 24 DUE THURSDAY, NOVEMBER 16 AT 9 A.M.

Section 5.9: #2, 4, 6. The notation 7,, denotes the trapezoidal approximation to the
integral. The subscript n means the the interval [a, b] is divided into n intervals, so
Az = (b—a)/n.

Section 6.1: #16, 18, 20, 30, 38.

Section 6.2: #2, 4, 6.

5.  WRITTEN PROBLEM FOR THIS WEEK
Let R(b) be the region between the z-axis and the curve y = 1/z for 1 <z <b.

a) What is the area A(b) of the region R(b)?

b) If you rotate the region R(b) about the z-axis, what is the resulting volume
V(b)?
c) What is the limit of the area A(b) as b — +o0?

d) What is the limit of the volume V'(b) as b — +o0?

6. DEFINING Inz AS AN INTEGRAL
We began the discussion of the exponential function and its inverse by defining e. On
the other hand, one can begin the discussion of the exponential and logarithm function
by setting Inx = flx % dt for x > 0. It then follows that D,Ilnz = %, and the second
derivative is ;—21 This gives the fact that the function y = In z is increasing, concave
down, negative for values of z < 1, and positive for values of z > 1. One then shows
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that this function has the properties of a logarithm as follows. Set L(x) = [;" ¢dt for
t > 0. Then D,L(x) = 1/z, and L(1) = 0. For a > 0, D,L(ax) = 1/x. Therefore,
L(az) = L(x) + C. When z = 1, we get L(a) = C, so we have L(ax) = L(a) + L(x).
That is, L has the property of a logarithm function.

We can now define e by the formula Ine = 1. Since In is strictly increasing, it has
an inverse. Let exp denote the inverse function. For any rational number r, we have

¢’ = exp (In(€")) = exp (rlne) = exp(r),

so expx and e” agree for all rational values of x. We extend to all real numbers.

It follows that D, e” exists and equals e” for all real z. To see the latter fact, we
note that for y = e, Iny = x, so (1/y)(dy/dx) = 1, that is, dy/dx = y = €".

It is in this way that we can define the exponential e” for all real values of z and
In z for all positive values of x.

7. OTHER BASES FOR LOGARITHMS
For logarithms, we use the fact that for a > 0, b > 0, and = > 0,

log yz
T = alogax — (alogab)

so taking log, we have
log .= = (log 4b) (log ) -

Since
1

logya’

1 =log,a = (log ab) (log ba) ) log b =

It now follows that .
nx
log ,x = (log 4e) (1 = —.
og . = (log .e) (Inx) na

Therefore, in working with log ,z, we may work instead with the constant ﬁ times
Inz. Notice again that Ine = 1. We now have

| 1
D,log,z=D nT_ , and / dx =log, |z| + C.

“Ina  x-lna z-lna

Inx 1

Sample Problem: Evaluate D, loggz. Ans: D56 = —145-

For exponentials, we have for a > O,
T
(II (elna) exlna.

In fact, if we started with the integral fogc %dt as the definition of In z and then define

e as the inverse of Inz, we would define a* as e*'™@,
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For the derivative,
D,a® = Dye* " =1ng- e =Ina - d®.

Notice again that Ine = 1.
Sample Problem: Evaluate [ dz__ - Aps:

z-logy x

d d d
/ z :/ :16 :ln2/ v =In2-ln|lnz|+ C.
x - log, x - 2L z-lnx

In2

z-lna

The bottom line is, instead of working with a* and log, z, we work with e and

Inz
Ina”
Here is a proof that for z > 0 and any number r, D, 2" = ra" L.

r—1

Dya" =D, (e'™") =™ . D, (rlnz) = ™" L ——-

r
x z
8. ARCTAN
The arctan x = tan~! z is the angle whose tangent is x. The domain is the whole real
line, but the values taken are between —7 and 7. I prefer to write arctan z instead
of tan~! z. Here is a partial plot:
arctan x

To find the derivative, we set y = arctanz, so tany = z. Differentiating both

sides with respect to x (and using the chain rule), we get sec?y - % = 1. That is,

dy 11 1
de  sec?y 1+tan?y 1+a2
In general, we have D, arctanu(r) = 5 +1u2 - du
EXAMPLE: D, arctanz® = - Jrlxﬁ - 322,
EXAMPLE: | 11“;2 = arctanx + C.
Sample Problem: Evaluate %. Ans:

/ dx 1/ dx 1 ; £C+C
=—- [ ——— = —arctan — )
4422 4 1_,_(%)2 2 2



