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differential quotient

~\ / \ rise
A . Jx+h) — f(x) over

. Iim
= h—0 h run

f is differentiable at x if the limit
We write df/dx or f '(x) above exists there.



What 1s lim

B: -1 C:R O D: undefined
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1 Jx + h) — f(x)
gl ——— .
h—() h

Indefinite form o/o0.
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1 Jx + h) — f(x)
ol ——mmm .
h—() h

7 . secant lines
. /= become tangent line
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WOPENON  HELEATES

490 - ¢. 430 BC
Fresco In the Library of El Escorial, Madrid.



It everything when 1t occupies an equal space 1s at rest at that instant of
time, and 1f that which 1s 1n locomotion 1s always occupying such a space
at any moment, the flying arrow 1s therefore motionless at that instant of
time and at the next instant of time but 1f both 1nstants of time are taken as
the same 1nstant or continuous instant of time then it 1s 1n motion.







DIIFERENTIABLE

Continuous T
and
differentiable

Where is f
differentiable?
Where iIs it continuous?

Where is f' continuous? > |, - F












EXPONENTAL FUNCTION

the slope
f(X) = exp(ax) o Brows
_exponentially
d :—
—e* = ge™ | /
dx 4
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f(X) = exp(x)

(1 +

1
1000

)IOOO X

1001 1000

1 OOOIOOO

N[E]

2.71828

10001110000/ 100007 10000

27181459268 252248 640376646 749 131465 3¢
730527814 778395201398 550252332514 27
566558 206 314 343048 315 259135263 509 0C
303668 822824462791 135530003628 766 4¢
259954 301 399 733108900 225169844 041 /<
881462 502271091693 041486593950434 71
371858592516 953304 552040316434 171 6¢&
961040 780 048 700209032684 7148287421 172
501034 207 235 344284 020 120 789837 778 23
065124 410 505 303449 9506 955 143451 190 82
079812214 852953846 100 533 365529 668 8¢

- 2B B BE oYW ok oy ok B FE ol a0 aloal B oY akhha B aYaWallll B aala B BT o B B ol uudlt oo B =B









TRIG FLUNCTIONS
d

— sin(ax) = a cos(ax)

ax
d

— cos(ax) = — a sin(ax)

ax



IWHY 2

exp(iax) = cos(ax) + i sin(ax)

la exp(iax) = ia cos(ax) — a sin(ax)



POLYNONLALS

By linearity, we can
now differentiate
any polynomial

(Bx* = 2x* +5x)' = 12x* —4x + 5

There Is an error In this computation. Can you spot it/



What 1s

log(x)

me

d 1

adx x
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f(x) :l \\[x+h _;]Z
X
—h 1
j = I
1 (x+ h)x h
fx)=-— 1

h— 0 (x + h)x
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INCREASING DECREASING

— OO
xS - 7 |
decrease _ :increase
fx) >0 |
INncrease Y AN -
f(x) <0
decrease
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Find the derivatives at x=0

fix) =102 fly=@x+2)"

fix) =2+ x)!0 flx) =2cos(10x)
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Where does the following function have
positive slope, where negative slope?

fx) = 12x — 9x? + 2x°

Can you draw the graph of f '?
More challenging: Can you draw the graph of {






