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d d d d

L1g=0 4 fex) = e f@) = 7w
2 =1 2 ") = na! 2 17(w) & g(a)] = - [F(@)] & - [g()]

ALL RULES MUST COME FROM THE LIMIT DEFINITION OF THE DERIVATIVE!

Fill in the spaces/blanks below to prove each of the rules.

1. f(x) =c

oy @) = f@) o e—e 0 LAy
Then fi(x) = Jim h = pm g = jim = im0=0 — gz =0
2. f(x)=x

iy fle+h)—flz) t+h—x . h_ B L
Then f(w) = limy h = p h s hmy =imo L=l = =

3. fx)=cx

iy J@th) — fz)
Then f'(z) = }l}_}ng W
L clr+h) —cx L cr+ch —cx .. ch B d B
Rl R RN R A AT = a1
4. f(z) = 2" [See back page for proof]
5. F(z) = cf(x)
Then F'(xz) = ’llli% F(x + h})l — F(x)
el h) —cf@) _ fath) - f@) do . d
~ lim ) ce g IEENIO ) = [ L= oL )
6. F(z) = f(a:) + g(x) [Similar proof for f(z) — g(z)]
Then F(e) i FEEN =) _ ) ole 1)~ (1) ofo)
o SR gt h) @) —gla) ) [+ gl h) gl
) h  hs0 h
ERT f(x_'_h)_f(x) . g(x"i_h)_g(x)i A / i _ i i o,
= i JEEW I g SEIDZID) )y gy — | L @) 4 gl = L 1r) L gt
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4. f(z) = 2", for n a positive integer.
Multiply the following polynomials to verify a property that we will use later:

(z—a) " + 2" 2a+ 2" 3d? + 2" P 4+ 22" a2+ Y

—a- (l,n—l + LL‘n_QCL + IL‘n_SCLQ + $n—4a3 .+ x2an—3 + .’L‘(Zn_2 + an—l)

= z-a" V4" 2o+ 2" Bd 42"+ 4 2Pd" a2 41 (1”*1)

—( 2" ta+a"2a-a+a2"3a? a+a" e a+ ..+ 2% 3 a+wad" 2 a+a"ta )

= 2"+ 2" a4+ 2" 22+ 2" B3 + L+ 22a P 4 22a 2 4 gt

—(z" a4+ 2" 2a® + 2" BaP + 2" et + L+ 22a R 4 za T + a”)

In other words, 2" — a™ factors as (z — a)(z" '+ 2" 2a 4+ 2" 3a® + ... + 2%a" 3 + za" % + a"7Y)

f(z) = 2", for n a positive integer. Find the derivative at x = a.

Then f'(a) = lim f) = f(a) = lim

r—a r — a r—a T — Q

(LL' o CL) (!,L,nfl + ',L,'n,an/ 4 (,L,'n,fBCLQ NI :L.Qanfi% 4 l.aan + a/nfl)

= lim

r—a r—a
=limz" 2" %0+ 2" 3+ .+ 22 a4 0t Note: n terms

r—a
= " '+ad" 20+a" 3 +.. . +d2a" P +ad"t+ ot Note: n terms
e N L g Note: n terms
= n camt Hint: How many a"~!’s do you have?

. / n—1 d n n—1
Replace a with x and we get f'(z) =n -z = o [z"] = nz
x
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Then
F'(x)

f@ah)gle+h) ot h) gla) + @) gla) — fla)-gla)
h—0 h

et ) glo ) = S+ ) g(@)] + [+ 1) -g(a) — Fla) - gla)
h—0 h

i J@ M) [ gleth)—gle) [+9() [ flzth) —[fz) ]
h—0 h

o T@ ) g+ 1) = g(@)] | g(@) - [fla+h) = f()
h—0 h h

Joleth) gla) o S~ ()
h

flg%) fx+h lim Y [Finish)

[See book for proof of the Quotient Rule.]



