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Revision: Definition of Derivative

First Approach

y Tangent line

\ * 
secant tine

f{ .- /(ru)
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1: - .Iqs
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Second Approach
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Exarnple 7 tritd the derivative with respect to :r: of ./{.r:) :1,3 - .r,.

flr*l=,ft.@t 6;+h)
h{o }t

=k
=f,,

]tl
h\h

Page 2

= 
*'n ,rfrr7u(h'* [3

X'-X )

h-ro

f t{= ?*"- t
u, i,gi r,*'ntu d x = t {rfl

ftr)
= o lfr-,,
--z f+'a,r

=o
--2

{r,t=o
f'b) a-l

Figrrre 2.3: Graph of J and J/ in Exarr4rle 7

If lve graph y' and J/ trgether as in Figr.rre 2.3, '!ye c&il see the reia,tionship betweet tireur. Since

//(.r) is the slope of the tarrgent ILre to the gr-aph of 17 : J(r) ai :r,. it foilor.vs 1,hat J/ is prisitir.e.

11r,girtir.e. aucl zero x'li.erc' thc tirugcnt line has positir.e slope. has neg;rtir.t, slope, irnd is horizont:ll.

respectivelrr

+hf -!$
Lx\*rl

=,&n Ytirxh:hir
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Example I (;i) Plovc th:r,t .f(.r,) :

(1i) Fitrd a fil"ruttlir for .//(:r:).

Monday 21 August 2017 Page 4

lr'l is not tlifiirlcntinhle nt .r : 0 1:r, cousirltring the linrit.

f X xlere XZO

l"txl f(d = t -x u.herc ,<<o

:.i l( =o

1@ ftol=
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.lr. -@JQ = &- 
-JPf - ?- = - I
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. h.Q$t# = !(;i -r h

: m&$t il$'u

: . {'(r} 1i*.'
T
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f(^t =lxl ir rrri dit{eteh+bble qt xro'

pherc x )o

uhae x <O{/(x) ={1,

fr-l "txl

l'(*l=3*frx?-n^t
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?.2.2 IJiflererrthhilitr'

Monday 21 August 2017 Page 3

Tnrutolfrttilti'

Figure 2.4 illustra,tes two comrrlon ways in which a function that is continuous at rs is not differentiahle

at 16. Since the slopes of the secant lines have different limits from the left and fr'om the right.

Courer poiut F',,j111 oi r=t't'Iit-;rl t;il!.l't}('\-

F igure 2.4: Continuou$ at :ns hut not different.iahle at :rs

Iirron+iuo,. 
of x 'a*

rr - J(*:)
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A functlon which is continuous ew#flyhedkms"s but
differentiable nowhere: Weierstrass function
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where 0 < a 11,, b is a positive odd integer, and
/.i
5ab>L*-tt.)L/

Karl Weierstrass, "Uber continuirliche Functionen elnes reellen Arguments, die

fur keinen Werth des letzeren einen bestimmten Differentialquotienten
besitzen," iOn continuous functions of a real argument which possess a definite
derivative for no value of the argument) in: Koniglich Preussichen Akademie der
Wissenschaften, M afhematische Werke von Ka rl Weierstrass ( Berli n, Germany:

Mayer & Mueller, 1895), vol. 2, pages 71-74.
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Tlte rr'laf ionshil> Rel x,eerr IJifI'eleutiabilitt' an(l f '{lltt itrr ritv

Page 5

: . If f it U9J Gntiuout al Xo,
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tlan f is Nof diffffiYrtiobte e* x2'

2.2,g Other Derivative Notations 
Y =ff*l =,> {'{fJ
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Derivative as the rate of change

Rectilinear Motions

Example 4 Suppose thil,t

nretcrs autl t is irr seconds.

tirxl (h) [2.3].
-r-

Page 6

l1t,'1,,r.iil,,tirr:rrt'rjlttirTr ,,i';r lr;rrtjr j,']tit'r'r'fjliti,,rt'rrlljlli;ill]trtr,i]: '..,., f i/t. iit,,

,,i llr,' 1r;rrlir.lr'1)\1'r';r l-ittrr, -ittl,,t r;rl 
'/.,. r,, - lt' ittt lt {i i-

r'1 i;r rii' itr l rrsil-i, rt r _ _.1,1 1: _-__,l, 
fl_

t.ittrt r'1;rlrrlrl

.s : /(t) : 1 * 5t - 2* is tht: position tunction of a palticle. rrhere .s is irl

Fintl tlrt average r.elocities of tirt p;lrticlt- or.el the tiure intervir,ls (a) [0.2]

f(+r =r+Et *D z&-f)i?
rA,\,

y raxaLr+c

-- (l+ro-t) - |
2

= I rnrs

V6,,.qg. Vetrify in

- -2-j -
- 

-r 

-

I

[2,r1
1-2-

= (l+ls-m) - (l+D-t)

-g Hl5

Y =r(x-h)

(1n,?)
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iit time t6.iitliilr':.rii,'liLitil r,i'r',.., :r: l'-it. ,,,,;,t ir,rl,,r,t.itrLl1: ilir,,]t.i i',,,i{)i'titr'11;1li1ir'
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Thc positiol of tire partirle at tinrc I : 2 s is .s : 3 u. Fitrd the instaritflnr)olrs r.clocity of tfie psrticle

itttiuret:2s.
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