Introduction:  Math for Microeconomics I
I. Multivariate Calculus

Derivatives show us how functions change.  When a derivative equals zero, this indicates the function’s minimum or maximum point.

For example, consider f(x) = 8x – x2.

[image: image1.emf]f(x) = 8x - x*x
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The function reaches a maximum at 4; the derivative (8 – 2x) gives us the slope at any point.  Notice that at 4 the slope is zero.

When the second derivative is negative, the function reaches a maximum; however, when the function’s second derivative is positive, the function reaches a minimum.  

The second derivative in this example is -2, which is negative, indicating a maximum.  (A second derivative is the derivative of the first derivative).

Examples of polynomial derivatives:

If f(x) = 6x2 then fx(x) = 12x.

If f(x,y) = 2x + xy + y3 then fx(x,y) = 2 + y and fy(x,y) = x + 3y2
If f(x) = (2x)(x1/2) (use the product rule:  if f(x) = u(x)v(x) then fx(x) = u’v + v’u) then fx(x) = 2(x1/2) + (2x)(0.5x-1/2) = 2x1/2 + x1/2 = 3x1/2.  

If f(x) = 2x3/2 then fx(x) = 3x1/2.

If f(x) = 2x/8x2 (use the quotient rule: if f(x) = u(x)/v(x) then fx(x) = (u’v – v’u) / v2) then fx(x) = [2(8x2) – 2x(16x)] / 64x4 = [16x2 -32x2]/64x4 = -16x2/64x4 = -1/4x2.

If f(x) = 1/4x then fx(x) = [0(4x) – 4(1)]/16x2 = -4/16x2 = -1/4x2.

So, if f(x) = 1/x then fx(x) = -1/x2.

If f(x) = (8x)1/2 (use the chain rule: if f(x) = g(h(x)) then fx(x) = g’(h)h’(x)) then fx(x) = 0.5(8x)-1/2(8) = 4/(8x)1/2.
Calculate the derivatives of the following functions:

If f(x) = 3x4 then fx(x) =

If f(z,a) = 2z4 + 6za + a2 + 9 the fz(z,a) = 

and fa(z,a) = 

Now, calculate their second derivatives fxx, fzz, faa, fza, and faz.
II. Natural Log Functions

Here are some log identities:

ln(az) = ln(a) + ln(z).
ln(a/z) = ln(a) – ln(z).
pln(a) = ln(ap).
Some examples of logarithmic function derivatives are

If f(z) = ln(z) then fz(z) = 1/z,
If f(a,z) = ln(z/a) then fa(a,z) = -1/a,
If f(a,z) = ln(z) – ln(a) then fa(a,z) = -1/a,
If f(a,z) = ln(z/a) then fz(a,z) = 1/z,
If f(a,z) = ln(z) – ln(a) then fz(a,z) = 1/z.
Now, simplify (or re-write) the following:
ln(8) + ln(z) =
ln(82) =
ln(8H) =
Calculate the derivative of the following with respect to g and h:

If f(g,h) = ln(2g/h) + ln(g).
III. Exponential Functions

Here are some exponential function identities:

ex+ex = 2ex,
exet = ex+t,
ex/ea = ex-a,
(ex)y = exy,
ln(ex) = x and e(ln(y)) = y.

Some examples of exponential function derivatives are

If f(x) = ex then fx(x) = ex,
If f(x) = e2x then fx(x) = 2e2x,
If f(y) = e8yey then fy(y) = 9e9y,
If f(x) = exp(x2) then fx(x) = 2xexp(x2),
Now, simplify the following:

ex+2 =

ex-y =

(e2)3 =

ln(ex+z​​​​) = 

Find the derivative of the following:

f(x) = exp(x4) 
f(x) = exp(ln(x2))

f(x) = e(x

IV. Practice with Exponents

Solve (pX1(-1X2(1-() – w1 for X1.

Now, plug X1 into pX1(X2(1-() – w1X1 – w2X2 and simplify.
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