L’inecﬂr“sz_alrion & D'ﬁ-‘%lrerenjti(_qls Notes
Prot Davis

DEFINITIONS® 1§ £ is di-H@f&ﬂHé}\)\e at X=Q, then

the approx‘? manTncJ function

LX) = S + S1Q)(x-q)

s the LINEARIZATION of § 4t a .
The dp’prox”imjﬁon
) ~= ()
of F b}/ L s the d&ndacd dinear Woamébn of Fata.

The poi i M= = the condr of the appromea{“Fon.

As long as the ‘):élﬂaéiiﬂi( line at the poi’rﬁf (a, 5@ to the
grdph of 3N remains cLosE to the graph of S as we move

oft the point of jEdngenc)/a L(X) qives a 300(1 dpprox‘i‘mcﬂ“k‘i on.
to 5.
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Prof Davis
= VERY IMPORTANT APPROX I MATIONS
O An Tmporfaﬂjf \tnear approxim%Iorz for vroots

and powers °

K
(14 X) &= | 4+ kx
NOTE: X is exﬁemeiy close to 0, kKis any number

@ Vi+x = |+

k=3

9 T ﬁ(l XY' L +-0ED = | 4%

- h=-17 replace x by —x

r
i
|
|
i
|
r
| | |
.. . '/3
@ 5 s e H — H
VIi+sx = O+sx) = L+ (3)6xH = |+3X ,'K 37replacexb)/5x
I
I
6 ——l— = (|%x2) (D= 14455 k=L

VIi-x a

| replace x by —x*



Linearization and Differentials
Pot Davis

* DIFFERENTIALS
When the atio g—; exists, it is eqLuaJ to the derivative
DEFINTTION ° | ot y= 300 be a difererdigble function.
The t%&mmé‘fa/ dx 1s an THdep@ndem(_ Variable
The CZ%/(MLM O/)/ /5
dy = $X)dx

anlike the independent varisble dX , the variable dy 1S
a\wa*)/s a dependert varisble. TH depends on both X
and dx. I dx is given a specitic value and X s
a pd‘rjf'fcu‘ar number in the domain of the function 5,
then these values determine the numerical value of dy

Ofren the variable dx is dhosen to be AX , the c\rwdrge
in X
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The 8eomc:fr?c 'mcfan'ing of d"sﬁerenjr'i&is 1S5 shown in the
F?gure be]ow, L et X=a and sej[ dx = AXx.
The correspond?ng dnangf: n >/:: F) 15

Ay= Ha+dx)- #a)

The Correspond'ing C;\némge in the {‘angenJE line L is
AL = L{a+dx) - L@

= 3O+ F)|(@+dn-al- 5@
B ~ wsernerend e
L (a +dx) L (@)

£ dx

y =f(x} /

J
{a + dx, fla + dx)) ﬁ_

]
Ay = fla + dx) — fla)

i
i

AL = fla)dx

(a. fia)) | ~N
dx=Ax
! When dx is a small change in x.
Tangent | | the comresponding change in
B 5 . the linearization is precisely dv. .
0 a a + dx .

FIGURE 3.56 Geometrically, the differential dy is the
change AL in the linearization of f when r = a changes by an
amount dr = Ax.



Linearization & DiFferentials
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The C.\ﬂange in the lineartization of F is p'rec‘isjca[)'/ the value of
the dTHercszE?di c\y whent X=a and dx= AX , Therentore,
dy represents the amount the Jtangienjr line rises or

Falls when x c:\ocaﬂgé‘is \D}/ an amourt CfX = AX,

¥=fm

{a + dv. fla + doy 4
£ 1

1
;\35 = fla + dx) — fla)

" AL=flape i

P i
@.fay B
5 dx=Ax
M;«;/ oo | 'When dxis a small change in .
T : :  the corresponding change in
angenl £ 3 i s = 5
K * : . the linearization is precisely dv.
: x
ki) @ a+dx

FIGURE 3.56 Geometrically, the differential dvis the -
change AL in the linearization of f when x = a chémges by an
amount dx = Arx.



For the tollowing, find the linearization Lex) of )
at X=a

#)  FO0= x> % at y=|
Fd= 2x=1

sSMH=0
F = z2-1=2

LO) = 3(@) + F(Q)(x-a)
LX) = 50) + () (x=1)

LK) = O + 2(x—1)

L= 2(x-1)



D FN=X-2x+3 gt X=2

}r o '
(X) = »x=p

5(2)= 3-4+3 =7

|0

i

}’(2):: [2—=2

L(X)= #(2) + $(2)(x-2)

LX) = 1ox=13



¥)  J00=/%x  at x=4

50 = XyZ $()= JT =2
500= =5 SW)= 5 =

LK) = 5@+ Fa)(x-a)
LOO= 5(4) + F(4) (x~Y)
LY = 2+ (—H)

L= 2 +-Hix -

L(X) = X+

l



) }(X)“:M at x=-4

Soo= O+t 5=V =5

LX) = 5@ + ) (x~a)
L) = $-4) + £1-9) (x +49)
L= 5 + = (x#4)

LX) = 5+ (X +4)

LOO= TEX+ L = L (~ux +)



45)

FH = &7 , &==0.) use a=0
S= -
5(0)=1
F(0)=-

LX) = 3(Q) + S(a(x-)

LX) = 50) + £(0o)x

LX) = 1-X
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YE)
Led = 5(5) + 5 (E) (x=%)

L= T+ & (%)



47)
Hx) = (| +><)K

L= 5@ + M(x-a) & a
s =0
F) =k 'lrx{(hl
FO)= |
Flo)=K
X = @) + Fa)(x-a)

L= | + KX



#3)

(a)

b.)

W

LOO = | +kX wheve the valve is very
close to zero.

: b
S = (=% = [1+0)]

K=b, P,epidc:@ X with =X

LY = | —6X

B g Z-
30X %

560= 201+
= -1, fAeplace X with -x
L= 2.1+ E0E0]

LX) = 242%



LX) = | —%X
) 5= VIrE = (a4
K=7 F\ep\ﬁce X with X*

L) = | +5X5



¥E)
€.) . 2 -
0= (4+2ax) = [l—i( +50)]

so0=H°(1 439

k=% Replace X with %X

r0= 4[]

L= HB( | H;x)



13)
5)

)= \/( z+x
7
= X\ + ( ﬁxﬂ

=% ; feplace X with

L) = | + KX

VA (] =X
L(X) = '*3( 2+ %

| X

LOO=
( b+ DX

—X
o oF




®) Find the linearization of 5= VXT 4 5inX
gt X=0. how is it related 1o the individual
linearizations of VX+1 and sinx at X=0
L) = Ha) + Ha)(x-a)
FO)=VXHl + sinx
5(0)=Vorl +sin0
So)y= Vi~

50} = |




)

L) = | +3X

- 73 \ \
Let A={(x+1) (X) =
] ? 3( ) 2 X+

q(0)=1 : 3'(0) =+
LY = (3(60 + (A (x~a)
L{x)=g(0) + q(0)(x-0)

N — 1y
La(x) = | +3X



St
g Let hex) = sinx h(x)= cosx

h(0)=0 hi(o) = |

LX) = h(@ +h @ (x-a)

L, (X) = h(0) + h'(0)(x-0)

LX) =0 + Ix = X
The linearization of
LeOO = La(0) + Ly(x)

This 'imp\”\f:s that the Vineari zi?on of 4 sum 19

Eﬂ“d&\ {‘O H}G sum ot Une “ﬂédﬁZ&JﬁOﬂS



For prob\ems 10 To M, Find dy
¥0)  Given y= X/ V=XE

= >«('|~—><2“)‘/Z

Y (=) rx ] 2O =20]
dx

d}/ _ 2%‘__ o3 _*-,7_”_]/?"

= (1= = X=(1=x%)

QC_XX _ ( \_Xz)“'/?. [ ( \ '“X%——Xﬂ

A%

g/
dy ) (1-2¢
L= ( @) (1-2)



110)

Y -
ax (1—%Y*=
dy - (1-2x)
P (-t
(1-2x7)
dy = [( =Y 1<



£10)

X)/ -—u\x —y=0
G HEX - g =0
)/ +ax)/a———éjx ”%\% 0
dy _dy
%nyﬁ_ﬁ%g (y-u)=0
(Lx')/-l)..dX - zoxyi =
dX Y
EV %
dxaxy —|
B Lx‘/&__ Z
dy = XY= ]dx

®



F12) y= cos( %)

Ay o -
5= - 5in(x) (2%)

df — _xsin(¥
dx SN

dy = —2xSin(xddx



_ X+
y=ln (x—z')‘/D
Meﬂvod&l
Y 1 .d
= x|
S o=

|

X1 ]
(x—iY?

=

T

e O
(x—1) “"“'1{ A (X=1) -
(x+1) (%=1

(x= i { (x- Yoo (X D(Z)(x=1

(%x—1)

|



d)’ ()( I) ‘Z.Xﬁ‘

————
—
[—

Ax (D) (X=1)

Qo (x- &x)+(_|_Lj

dax— %
~ |
dy _
dxméﬁué}
vy



i) Method *2

y=In| s

N 2
y= o (X +0) = la(x=1)

Y= (x4 1) =& \n(x-1)

dy = X ><\+! - z(;—i)]dx

N XS R G
d)/*“ { 2 (x+1D(x=1) !
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dy = K

dy =

1
2.(%-

]dx

Ax
X? \')l

(’ (X~

2
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P

N2
- Fan™(x>)
P xe
o ( x2~+1)'/3(:x3~+2.\

)
tan( XZ‘H{Z‘

dy= |2
/ Lxﬂ N2

—k

dx



