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3.01 Splines
Give It a Try G2

LS: 8/24/12: See comment below on 2.d1i, then do
similarly on 2.d.ii

* I

LS: 8/21/12: I didn 't see any changes below.
Wrong file?

8/22/12: Almost right. This is what I wrote:

8/19/12: So a, =0 and a, = 0... Does that mean

that f(x) = 0 as well? I don 't appear to be

understanding this.... My math is all funky.

=2 LS: 8/17/12: See hints below on 2di and 2dii

Experience with the starred problems will be especially
beneficial for understanding later lessons.

G.2) Splining functions and polynomials*

G2ai) Splining with sin(x)

Find the polynomial of degree 3 that has the highest possible order of contact with
f(x) = sin(x)atx = 0.
Plot the spline knotted at {0,0} with f(x) on the right and your polynomial on the le
Also plot on the same axes f(x ), the polynomial, and the spline for —2 < x < 2.
Describe what you see.
Olg
O /(=)= sin(&)
3 k
Dsg(w)= k§=:0a &
HNg(®)= a3,§§3+ a2132+ a @+a  Epd

Ole
O(a)= sin(a)
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X k
O g(é?)= kgoak;g
- 3 2
&g(ﬁ)—a3$ +a2& +a1&+a0

00 = g©
g"r_\, sin (0) = a3-()3+ a2-02+ a 1-()+ aO Substitute

&O: aO Simplify
Ol
C]f(é?)= sin(;g)

3
Dg(é?)= kf_,oak;gk
&g(a): a3.§g3+ a2;§2+ a®+a,

0= g0
i = i Simplify
f_\)xzo[dxf(x) x=o[dxg(x)
4 = da 3 2 .
&x:()[dx Sln(x) _x:O[dx(a3x +a2x +a1x+ ao) ubstitute
Simplify

Y cos (0)=3a3'02+2a2-0+ a,
= Simpli
a’r_\,l—al implify

i[dd_x g [)C]] Simplify

d d [ 3 2 ] ‘
a,x +a Subsi
dx 3 2x +a1x+a0

; L{L{aﬂ% a,x*+ax+a

Dy —cos0)=6a X Simplify
L -
H-1=6a, Sm ify

l:JC]GOZO

C]alzl

C]2a2=0
&a2:%-0 Isolate
— Simplify
Hya, =0 Sl

C]6a3=_1




&g(&)=(_é)§?3+0§?2+13§ +(Q  Substitute
A g(é’s‘) = —é&%;& Simplify

Ol

C]f(é?)= sin(;g)

] g(a): —é&%;@

O)(#l01, g [o])
£ (£101, g [0) = ((sin [01,— 1-034.0)  Substiute

A (rlol, glol) = 0,0)  Simplify
O)(f'Tol, g ' [o])

A (101, g [0]) = L: :dd—xf{x}},L: [dd_xg{x}D Simpifs
A0l g7 lo]) = [[
&[Lzo[f—xf{x
‘B[Lﬂ[f_xf{x}}[xzo[f—xg X}D=(1,1) Simplify
d
d

]

(7ol g * o)

&(f”[O],g”[O])=[L=O[ x{f_xf(X)H’Lo Yldx
A (ol g Tl =[ 'n(x)H,LO -f—x{f—x(—é“* X)} D

0[ xSI |
o el o] o
i ()

x| = 0,00 Simptis
/

1

x=0
D (f,”[O], g /”[0])
& (f///[o]’ g ///[O]) — [|:
x=0

&(fm[()]» 8 ”/[0]) = [L 0 [ dd_x{dd_x[di sin | x
[
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rorrfTy d[d(d][d d d|d
o= L[S
&(f////[o], g ////[O]) — [ .

O R T A | FR Y e
d

y=0o]ldxdxdxdx
D (f/ ””[O], g //N/[O])

e W ) I
oo o=(| s ) )],
d

Lol il el

As shown above, the order of contact between f(X)
and the polynomial at x = 0 is 4. Next, the graph of
the two functions.

RC: 7/31/12: Point of contact of order 3. g(x) has only 3 degrees to
contribute.

g@f(é?)= sin(&)
Cg(m)=-la’+m

(»] spline (ag) ={ Z:((z)) Ez ;(())))
v K
0 23]
T . :

—3 .3 = left...right
—3 ..3 =Dbottom...top cropping [Moderately v

Graph Building Blocks

0 Curve at (x , spline [ x ) where x = left ... right

with a line, colored .
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2__

0\

2 X 0 2

—3 .3 =left...right
—3 ..3 =Dbottom...top  cropping [Moderately v

Graph Building Blocks

{p- Curve at (x ,f[x]) where x = left .. right witha

line, colored .

5~ Curve at (x ,8 [x]) where x = left .. right witha

line, colored .

e v =T P

G 2.aii)

Find the polynomial of degree 5 that has the highest possible order of contact with
f(x) = sin(x)atx = 0.
Plot the spline knotted at {0,0} with f(x) on the right and your polynomial on the le
Also plot on the same axes f(x ), the polynomial, and the spline for —2 < x < 2.
Describe what you see, paying special attention to a comparison of the plots in parts
Ol
O f(w)= sin(s)
5
Os(m)= 3 o,z
AN g(é@) = a03§0+ a & Ly a2.§?2+ a3§?3+ a4,§§4+ asa‘s Expand
Ol
U f(&)= sin(z)

5
Dg(a?)=k2=0ak5.9"

Heg@)=a@'+a g'+va @+a @ +a,mta gy’ FProd
0= g0
Hsin@=a 0°+a 0'+a 0?+a 0+a, 0 a 0 Sibsime
&0: a Simplify
0

g
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O f(a) = sin(a)
5
Dg(é?)= kx—’oaké?k
<’r_\>g(§?)= a0,190+ a1,§?1+ a22?2+ a3§?3+ a4,§?4+ aszgs
(f0=g"0

d = d implif
f’r—\“o[af(x)‘x:o[ag(x) Sinpl
_ d

d . 5
A [d—sm(x)_ [dx(a x0+a x'+a x*+a

- Simplif
l= a, implify

8, =o[dd_X[dd_xf[x]] ) [f_x[ddx g[x ]] Stmpty

dx\dx
Oy = sin0)=20a 03+12a 02+6a 0+2a, Sl
&0:2612 Slmpllfy
£ = g’ (0)

@— cos (0)=60a 02+24a O+6a Simplify
—1 = Slm li
D—1= 6a3 plify
Df////(o) - g////(o)

S G O O

Iy sin ) = 120a5'0+24a4 Simplify
= Simplify
NO0=24a,  Smplif
C]f/ ////(0) - g /////(0)

S b O || B

d(dj|d]d([d _ d(d
&x:o[dx[dx{dx{dx[dx sm[x]]”] _xzo[dx[dx{
Dy cos(0)=120a S Simplify
= Simplifs
<g1-120015 implify

x+ax+ax
3 4

) - [,

Expand

3
5

M cos (0) = 5a5-04+4a4-03+3a3-02+2a2-0+ a, Sl

d (d _ d (d 0 | ) 3
&xzo[—[—sm[x]]— [ [ [ oY ta xta,x"ta.x+a,

&x- [L[d [d e }D ) [di[dd—[f—xg{ }D Simpify
o i [ et D BE CRERTROYRTTRCS

iz 1))

d)d(d
H{E[E[“ox

goa():O
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Ja, =1
(]2a ,=0
& a ) = %0 Isolate
Simplify

Isolate

Simplify

Isolate
& a =0 Simplify
4
D120a, =1
=_1 Isolate
& a 57120 1
{."i\) a = —_1  Simplify
5 120

Og(e)=a

2?0+a é?l+a ;@2+a é?3+a 2?4+a &5

O)(#l01, g [o])
£ (101, g [00) = (sin [0],-

Oy (0], g [0]) = 0,0)
(D [o], g “ [o])

(710l g7 [0]) =

x=0

oL
o

D010l g o)
2 (77101, g 7lol) = [{

A (710, g 77To]) = [

o (B

d |d
dx{dxf

A (0l g 7 10]) = [ .

4 rixd |,

(x

&g( ) 03 +1& +03% +(__)& +03% +120&5 Substitute
Og(@)=-f@'+gpmta S
Ole
O f(®)= sin(z)
Osg(w)=-lta’+ L= +=

1 034+ L 05+O) Substitute

120
Slmpltfy
[ 4 4 Simpis
_dxf{X}}{x=O[dxg{x}}] v
d . d »
asm{x}},[ i a{—éx3+$x5+x}}] Subs
}

1.04- 102 Simpli
(cos[O],24O Lo +1) plify

Simplify

L
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s m=( [l as )

d|d(d|d]jd(fd|d d Jd(d
a0 P e e | O B
d d ddd dd d d dd d d .
O, _o|ararararararax |, so|axarardraraxs
As shown above, the order of contact between f(X)
and the polynomial at x = 0 is 6. Next, the graph of
the two functions.
RC: 7/31/12: Point of contact of order 5. g(x) has only 5 degrees to
contribute.
8/19/12: Oooooh. I see it. Ok, I did not know to
look at that. Ok. Order of contact 5.
LS: 8/22/12: Good.

g@f(é?)= sin ()
®e(a)=-la’+Lw'+a

Ty=oldxdxdxdxdxdxd

(] spline (;&) ={ g((z)) Eg ;(())))
3 i
1
HH
0 \_,_/ EEH
4 B
2 X 0 2I

— 3.3 = left..right
—3 ..3 =Dbottom...top  cropping |Moderatelyw

Graph Building Blocks

0 Curve at (x , spline [ x ]) where x = left ... right

with a line, colored .

i v =P




O1.3.b.the page 10

—3 .3 = left..right
—3 ..3 =Dbottom...top  cropping [Moderatelyw

Graph Building Blocks

s~ Curve at (x f [x]) where x = left .. right witha

line, colored .

fp- Curve at (x , 8 [x]) where x = left .. right witha

line, colored .

G2bi) Splining with cos(x)

Find the polynomial of degree 2 that has the highest possible order of contact with
f(x) = cos(x)atx = 0.
Plot the spline knotted at {0,1 } with f(x) on the right and your polynomial on the le
Also plot on the same axes f(x ), the polynomial, and the spline for —2 < x < 2.
Describe what you see.

S
(O f(%)= cos ()
2
— k
Dg(é?)—kZzoaké?
&g(&):ao.ﬁo+ala‘l+azé§2 Expand
(7] f0) = g(0)
i cos ) = a0-00+ a ]-()1+ a2-02 Substitute
<Bl:ao Simplify
Ole
O f(®)= cos(z)

2 k
C]g(z?)=k§0aké&
Hg(®)=a,@+a @'+a > Poad
Ol
O ()= cos (x)
2
Dg(&)=k§0aka?"
HNeg(@)=a@+a @'+a,m? Brod
O/ 0=g"©
) [d_f(x): =0[dd_xg(x) Simplify

x=0 dx
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d—COS(x) = d (a x0+a X +Cl xz) Substitute
dx dx 1 2

Dy —sin(0) = 2a2'0+ al Simplify
= Simplij
0= a, implify

oo fifEn)- [afgnd) =

d (d _ d d 0 1 2 Substi
X:O[—[—cos[x]] = a[a a,x’+a x +a,x ]] ubstitute
cos(0)=2a, Simplify

- S
O —1=2a_ Sy

&a =1(=1) Isolate

Simplify

o
Os(@)=a,®=’+a z'+az’
&g(é&)zl;& +0@ 1+ (-L)@?  subsinue
Og(m)=-1m2+1 Smwlih

Ue
O /(&)= cos(s)
Osg(e)=-1a’+1
(D)(rlol, g lo])
Oy (101, g [0]) = (cos [0],— 102+ 1) Substitute

& (f[O], g [0]) =(1 ’]) Simplify
(s’ lol, g " lol)

owoneon=( [Lna]] | [Let]) s
_ ,Lzo dd_x{_%xz-”}D Substitute
&[Lzo[f—x {x} { [dd—xg{x} ]:(— sin[0],—0)  Simplify

O] [ et 00 s
O)(f’Iol, g *Iol)

-l ] =
A (7101, g o) =[

=]
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el gt monn =
R W Er S
|

x=0

C] (f/ ”[O], g ///[0])
& (f,”[O], g ///[0]) — [|:

& (f///[o]’ g ///[O]) — [

N
ol o]
(ol g o))

o[ [afeezm] ] Jala{ads
f_\,(f””[oil,g’”’[o]):[[x O[dd_x d L[LC S{x}} {
d

d [d d I d
&[Lw[ dx{dx[dx[dxf{x} }}_x:O[ dx
d d d d d d
c=oldxdxdx dxf{x} ’
As shown above, the order of contact between f(x)
and the polynomial at x = 0 is 3. Next, the graph of
the two functions.

RC: 7/31/12: Point of contact of order 2. g(x) has only 2 degrees to
contribute.

8/19/12: 1 see it now. Only an order of contact of
2

LS: 8/22/12: Good.
O /()= cos (&)
¢ (@)=-fa’]

(»] spline (;&) = g((z)) Ez ;(())))

]

=]
—

o

o

1
=
I
(=)

M1 pe—
o,
&=
i
o,
&=
(@]

o
2]
L |
=
—_

|
o [f—x{f—x[f—xg[ﬂ H]=(sin[0],0)
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2__

B

2 X 0 2

—3 .3 =left..right [Stretch to Fitw

—3 ..3 =Dbottom...top  cropping [Moderately v

Graph Building Blocks

0 Curve at (x , spline [ x ) where x = left ... right

with a m line, colored .

/ 2 X 0 2

—3 .. 3 =left...right
— 3 ..3 =Dbottom...top  cropping |Moderately v

Graph Building Blocks

g~ Curve at (x ,f[x]) where x = left .. right with a

line, colored .

iy~ Curve at (x ,8 [x]) where x = left .. right witha

line, colored .

5 IEEe

G2bii)

Find the polynomial of degree 4 that has the highest possible order of contact with
f(x) = cos(x)atx = 0.
Plot the spline knotted at {0,1 } with f(x) on the right and your polynomial on the le
Also plot on the same axes f{(x ), the polynomial, and the spline for —2 < x < 2.
Describe what you see, paying special attention to a comparison of the plots in parts

Ol

O(&) = cos(x)
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4 k
O g(é?) = kZ—’Oa 3

&g(é?)=aoao+a1&1+a2;§2+a3;@3+a4;§4 Expand
ONe(®)=a,@'+a,@+a 8 +a @+a, Sl
0 F0) =
& cos (0) = a4-04+ a3-03+ a2-02+ a 1-0+ aO Substitute
= Simpli
f_\,l—ao implify

o=
O (&)= cos(s)

Dg(a?): S azt

()—aa+a§§+a,§g+a&+aa

— sin(0) = 4a4-03+3a3-02+2a2-0+ a, Simplify
Simplify

4 3

My sin (0 —24a40+6a3 Simplify
&0_661 Simplify
C]f””(O
(e
dx\dx|d y=0fldx\dx|dx

&xzo[f—x[f—x[f—x{f—xcos(x)}] _ [L L[L{i

X
d(d [a x*+a x3+a.x*+a x+a
dx 2 1

(z&)_a 24+ a L& 3+ a & ’+a [ Etra
C]f(O g’
[i [ Simplify
d =0
[d—cos(x) (a x*+a_x3+a_x’+a x+a) Substitut
x=0 dx c=0ldx 3 2 1 0

2
0.

7= g0
d d d d d d mpli
&HO[E[W{EH }D x:O[E[E[ag{X}D Sinplfy
d(d|d d(d[d
&x-o[dx[ﬂ[d_cos{x}] :x=o[a[d—[d—{“ x4 a Pt a,



O1.3.b.the page 15
Iy cos(0)=24a A Simplify

= Simpli
MN1=24a, Sl

gDaozl
C]a]=0
C]Za =
=1(= Isol.
&a 2 1) solate
— — 1 Simplif
&a =-3 implify
C]6a —O

&a?):é.() Isolate
= Simpli
[ya, =0 Sl
C]24a4=1
— 1.
&a4_ﬂ1 Isolate
<Qa4=2‘_4 Simplify
C]g(al):a4;§4+a3,§33+a2.§§2+a1§?+a0
& g(&) :2_2&4+O&3+(_%)&2+0& + 1  Substitute
—_1sm2, 1 4 impli
g’_\,g(a)_ Tt +1 Sy
Ule
O /(@)= cos(z)
o 1m2, 1,4
C]g(é?)— 2;? +24.§3 +1
O)(f10). g [o])
Oy (rlol, glol) = (cos [0], - %-02+ 2—14-04+ 1) Substitute
S (fI0L glol) = (,1)  Simplify
O)(F'Tol, g’ [o])

s [gal]_Jn] =
x | ’L:O d—x{ ;x2+214x +1}D Substi
&[Lzo[dd_xf{x} ’L:o[dd_xg ]=(— sm[0]103 ) Simplify

&[L =0[dd—f{X}:, xzo[f—xg{x}]] =(0,0) Simplify

O(f101, ¢ lo))
A (70, g 770N = “O[;_x{f_xf(x)}],[xzo[a{ag H] Simplify
{—(—%x2+Lx4+

24
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cribed above.

xt, the graph of
des

01is 5. Ne

the two functions.
RC: 7/31/12: You fix remaining issues as

and the polynomial at x

OO

As shown above, the order of contact between f(x)

VA
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8/19/12: Ok, so g(x) can only contribute 4 orders
of contact. I understand. Max for this set: 4.
LS: 8/22/12: Good.

Ol /()= cos(2)
@ g(®)=-im’+ L+l

(e spline(;&) :{ g((é;)) E; ;(())))

. el

\-’

B

2 x 0 2

-

—3..3 =left...right
—3 ..3 =bottom...top  cropping [Moderatelyw

Graph Building Blocks

fp Curve at (x , spline [x]) where x = left .. right

with a line, colored .

|

N =+

il e

L o< o

[N

1
T
2 X 0

~— 4~

i [ R

|

~3..3 = left..right
—3 ..3 =Dbottom...top  cropping |Moderatelyw

Graph Building Blocks

5~ Curve at (x f [x]) where x = left .. right witha

line, colored .

fp- Curve at (x , 8 [ x]) where x = left .. right with a

line, colored .

G2.cd) Splining with

1—x
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Find the polynomial of degree 2 that has the highest possible order of contact with
1
f(x) =

1 —x
Plot the spline knotted at {0,1 } with f(x) on the right and your polynomial on the le

atx = 0.

Also plot on the same axes f(x), the polynomial, and the spline for 0.9 < x < 09.

Describe what you see.

U@
Df(é’z‘)=—1_1§?

2
Dsg(w)= kzzoakég"

Ng(@)=a@+a g'+a m? Bvod
HNg(®)=a,®*+a ®+a, Smlb

O 0= g0
&11_0: a202+ a10+ a Substitute
= Simpli
&l_ao plify
Ol
1
Df(é?) 1—3?
Dg(a?)=k§0ak&"
— 0 1 2
&g(;&)—aoa +ta B +a,%
&,g(é&):a2&2+a1§§+a0
Of0=g O
d - d Simplify
&x:O[dxf(X) x=0ldx (X)
d 1 _ 4 2 Substi
&x=0[dx1_x _x=0 dx(aZX +a1x+a0) ubstitute
1 =2a_0+a_  Simplify
(—0+1)? p 21 1
&lzal implify
OO = ¢ 0)
d(d — df(d Simplify
&x=o[dx dxf[x]] x:g[dx[dxg[x]]
d_ L 1 = d_ i 2 Substitute
&xzo[dx[dxl—x =0l dx dx[a2x +a1x+a0]]
1 =2q  Simplify
& (-0+1)3
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N2=2 5 Simplify
OlTa =1
(Ja =1
(J2a,=2

& g(é?) = 15,?2+ 132 +1  Substitute

Og(@)=a+m+1 Smolly
Ol

__1

O f(e)= s
Og(w)=®*+&+1
O)(rlol, g [o])

Ay (ol g o) = (ﬁ,o%, 0+ 1] Substitute

&(f[()], g [()]) = (]’]) Simplify

O)(f'Tol, g 7 [0])

suos o=, [gnn]] [&eta]) o
S e
{

- 0
| d _( 1 - J Simpli
Xp | — 81X = 20+1 plify

= dxg{ }D [-0+11?

&[[ = [c{l_xf{x}_’[xzo[f—xg{ﬂ:]:(1,1) Simplify
d
d

=]

O)(f7Tol, ¢ Tol)
Q(f”[o],g”[o])z[[xzo[ x{dd—xf(x)H,

~~
~
= =)
I =
o o

=
=

N\

| P—|

O (ol ¢ 1ol '
(sl [efeteacl]
St i
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D[L[[o[&%&[ffoJH’Lo[ic{&(icg[xll}}l(6[011]4

d d d d d d _
]| [y ]_(6,0)

As shown above, the order of contact between f(x)
and the polynomial at x = 0 is 2. Next, the graph of
the two functions.

RC: 7/31/12: Good

9] _ 1
E]f(&)_ 1- 32

E]g(;g)=3§2+;g+l

(e spline(;&) ={ g((?;)) Ez ;

| /

0

2 4

NS

1
T
2 x 0

~3 .3 = left..right
—3 ..3 =Dbottom...top  cropping [Moderatelyw

Graph Building Blocks

0 Curve at (x , spline [ x ]) where x = left ... right

with a line, colored .

@_¥

|
T
2 X 0

—3 .3 = left...right
—3 ..3 =Dbottom...top  cropping |Moderatelyw

Graph Building Blocks

iy~ Curve at (x f [x]) where x = left .. right witha

line, colored .
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iy~ Curve at (x ,8 [x]) where x = left .. right witha

W line, colored .

G2.cdi)

Find the polynomial of degree 4 that has the highest possible order of contact with
f(x) =

Plot the spline knotted at {0,1 } with f(x) on the right and your polynomial on the le

1 —

1
atx = 0.
X

Also plot on the same axes f(x ), the polynomial, and the spline for 0.9 < x < 09.

Describe what you see, paying special attention to a comparison of the plots in parts

Ol&
=_1
Of(@)=1—%
= k
Dg(&)=kgoak;§
&g(é?):aoa?°+a1;g1+a2;g2+a3;g3+a4§?4 Expand
HNe(®)=a,@'+a,@+a B+a@+a, Sl
() f0)= gl
&L = a4-04+ a3'03+ a2-02+ a 1-0+ aO Substitute
= Simplifs
<gl—ao implify
S/
—_1
O f(=) -
o k
C]g(é?)=k2_,0ak;§
&g(a)zaoﬁo+a]ﬁl+a2@2+a3@3+a4@4 Expand
Ne(@)=a,@*+a @ +a,@’+a g+a, Sl
(f 0= g0
i = i Simplify
o &= [&ew
i 1 = d— 4 3 2 Substitute
&xﬂ)[dxl—x x:()[dx(a4x +a3x +a2x +a1x+a0)
1 _ 03 "2 . Simpli
(_0+1)2—4a40 +3a30 +2a20+a] implify
l=a Simplify
Of0=¢"0
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o Tl - g =

dfd _1 |_ d (d 4 ; )
&x:o[a[al—x] B a[a[%‘x ta,x"+a,x +a1x+a0]]
2>— L1 124 0*+6a_0+2a. Smplify
& (—0+1)? 4 3 2
g;\,z—za Simplify
C]fr” — ///
T o
T T ax+a x3+a x2+a
d dx dxl— dx dx 2
QG —240140+6a3 Simplify

+
g 6a Simplify
Df////(o g ////

id__ = i ii i Simplify
A, o[dx(d[ { ) = [ )
d d 1 o [dfdfdfdr, 4,
f_\’ [d [dx dx|dx1-x x=o[dx[dx|:dx dx(a4x TayaT
24— L1 —24a Simplify
f_\) —0+1) o
&24 24(14 ’mplfy
gDaO:l
Ja, =1
(J2a,=2
_ 1.
&CIZ—EZ
Ha,=1
C]6a3=6

& a =16 Isolate
3.6
<ga?’zl Simplify
C]24a4=24
& a 4 = i-24 Isolate
Qa4—1 Simplify
C]g( ) a,8'+a.@’+a,@+a Era,
( ) ( )lﬁ' +1& +13 +1 Substitute
&8( )—& + 3¢ +,§3 +;g+1 Simplify

Ol

C]f(z&)=ﬁ
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Os(a)=r'+m’+a’+a2+1
0)(#lol. g o]
Oy (rlol, glol) = (ﬁ,04+03+ 0%+0+ 1] Substitute
S (fI0L glol) = (,1)  Simplify
O)(#7T0L. g * o)

, , _ i d_ Simplify
A (100, g [o])_[[xzo_dxf{x}szo[dx g{x}D plify
) i | 4 3 2 ub
_Lf i x]’[xzo- {x +x7+x +x+1}]] S
(1 4034302420+ 1)
A\l-0+1P
. [f—xg{x}_]=(1’1) i

~~
=
S
oQ
S
~N—~
o,
£l

—_—
——
|
A
N

O)(s77lol, ¢ Tol)
NEOREON IO

[e]
[——
o
e
= < =
—_
w—'l
Q-|Q
o

~~
~
=
oQ
S,
~—~
= —~
—
=
~ I
—
CL|Q
——
CL|Q
—_
‘H

9 et ‘= x
d | d d
Xax
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o [sfafel ol
)

& (f/////[ /////[0] - [

o[ [f_x{f—x[a[f—x{a

y=o]ldxdxdxdxdx

As shown above, the order of contact between f(x)
and the polynomial at x = 0 is 4. Next, the graph of
the two functions.

RC: 7/31/12: Good

O _ 1
E] f(& ) - 1— 32

De(z)=a'+a’+a’+a+1

. | f(®) (=<0)

(e sphne(aa)—{ o(2) (= >0)

I
o
—
Q..
=
o

/\

. IQ
A
o
==
o
==
—
I f—
=
-

n 4

_._'_'_'_'_____,/

2 X 0 2

—3..3 =left...right
—3..3 =bottom...top  cropping [Moderately w

Graph Building Blocks

- Curve at (x , spline [x]) where x = left .. right

with a line, colored )
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1
T
2

X
~3 .3 = left..right
—3 ..3 =Dbottom...top  cropping [Moderatelyw

=l ImEEEELA
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Graph Building Blocks

Jp- Curve at (x, f[ x ]) where x = left ... right witha

line, colored .

fp- Curve at (x ,8 [x]) where x = left .. right witha

line, colored )

G2d.i) Splining with Erf(x-1)

Find the polynomial of degree 1 that has the highest possible order of contact with
f(x) = Erf(x— 1) atx = 1.
Plot the spline knotted at {1,0} with f(x) on the right and your polynomial on the le
Also plot on the same axes f(x ), the polynomial, and the spline for 0 < x < 2.
Describe what you see.

Hint
Remember that Erf(x) is defined as:

Erf(x) = — [ ¢ d
(X)_Jﬁ Oe t

07/12/12: Question: Why is is that the integral
will not work out? This may be a silly question,
but I seem to be blanking on integration (
temporarily I swear) and cannot seem to get the
integral to work. Would love to be able to finish
this.

RC: 7/31/12: Some integrals just do not have algebraic integrals (
antiderivatives). That 's what Calculus III is the study of: what to do when
algebraic integration gets nowhere.

8/1/12: Then my question becomes what do I do?

I cannot very well solve for the variables of g(x)
if I am unable to set them equal... I know that
the function erf(x-1) has a plottable graph, but I
am unsure how to get g(x) from it.

Ol®
@Eﬁ(g):#[ae"&zd& ]

Of(a)=w(a )

&f(a?)=ﬁ:f&_le_&2d&]

0
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Oa, =
O = g
1-1 _ a2
f e & di
0 — . Substil
&2 - =a 1+aO upstitute
1-1 2
f e ¢ dg
0 — Simpli
2 ﬁ =a+a, implify
1-1 2
f e ¥ ag
220 =2 1 +a Substitute
S T
0 _g2
f e dg
0 =2 1 +a Simplify
0

1 +a Simplify

Isolate

Simplify

=-2

1
NE3
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3% —1
0/ (@)= fe =Y
Of =g )
& ’if( ) [ig(x) Simplify
d x=1 d.x
x—1 2
d I() ¢ ' qt d
=~ = L Substitute
&x=1 ix 2 N x=1[dx(a1x+a0) titut
x—1 2
zLd_U —t dg J - Simplify
&x=l n%dx 0 e a1
-1
) I de_xe e ] —a, Sl
X = T 0

1-1 _ .2
d I e " an d
a |»70 = da
Dx:l dx T le[dx(alx-'-aO)
[ 1-1 2
1 d —& _ Simpli
& ZTHUO ¢ d&]—al iy
x=1] w2
1 d 6_
x=1] n2

NO=aq  Simplify
1
8/19/12: So a, =0 and a, = (... Does that mean

that f(x) = 0 as well? I don 't appear to be
understanding this.... My math is all funky.

s
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(
&le }_x[dd_xf[x]] :le[%[dd—xg[x]] Simplify
- _n2

x—1
d|d f e~ di e
dx\dx . = 5 | T Substi
dx\dx 2 Jr x=1[dx[dx[a1x+ao]] ‘

=
I
& —
[\
‘H
|o_
|o_
<
(e
=
|
—_
®
|
&
N
[SH
&
~———
|
(e}
<]
3
3

Q

Hg(®)= (2ﬁjgg _ 2\/;_ Substitute
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8/27/12: Well... Thanks. Haha I hate it when the
solution is a simple thing like that that you (or
me) just miss.

()2
. 1
(o] sphne(;'g):{ o(2) (=>1)

¥ |

2

\\
=

= mEE

2 X 0

—3 .3 = left...right
—3 ..3 =Dbottom...top  cropping |Moderately v

Graph Building Blocks

0 Curve at (x , spline [ x ]) where x = left ... right

with a line, colored .
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2+ %
0
y

L

HEE=

\

—3 .3 =left...right
—3 ..3 =Dbottom...top  cropping [Moderately v

Graph Building Blocks

0 Curve at (x , f[ x ]) where x = left ... right witha

line, colored .

fp.- Curve at (x ,8 [x]) where x = left .. right witha

line, colored )

8/14/12: Well.... that didn 't work. Where did 1
go wrong here? Is it the a, term? Because I feel
that I am wrong about that. I got it because
when f(1) = g(1),a,+a; =0,s0 a, = -a,, right?
(Probably not...)

" Rl

8/23/12: That looked like it had more promise until
I graphed it. It also seems that it would work if I
added a bit more than 1 to g(x).

G24dii)

Find the polynomial of degree 3 that has the highest possible order of contact with
f(x) = Erf(x— 1) atx = 1.
Plot the spline knotted at {1,0} with f(x) on the right and your polynomial on the le
Also plot on the same axes f(x) the polynomial, and the spline for 0 < x < 2.
Describe what you see, paying special attention to a comparison of the plots in parts

* I

LS: 8/24/12: Go ahead and try this one, now that d.
11s correct.

8/27/12: Pre-problem comment - it should be
quite "fun" attempting to find the right places to
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pull everything from.

U@

&,g(é&): a0§3*0+ alé?1+ a2&2+ a3&3 Expand
f_\,g(&)= a3a”g*3+ a2,§3‘2+ a &+a, Simplify

O =g
I-1 _ a2
f e ¢ di
&2 0 ,\/F = a3-13+ a2-12+ a1-1+ aO Substitute
1-1 a2
f e ¢ di
0

2 =a +a_ +a + Simplify
A I 3T, amd,

C]O=a3+az+al+a0

1,3

-2 _ 1
&0_361\/? 4eﬁ eﬁ

+ aO Substitute

NO0=a +—2 44 L simplify
0 3enm eaT
a =0-— 2 +4 1 Isolate
Boag [3e T e«/ﬂ:]
=—_—2_ 4 L simplipy
f_\,ao— 4 implify

3eﬁ eﬁ
&x=1[if(X) =X= [dd_xg(x) Sty

d( 3 2 )
a,x’+a,x"+a x+a,

0 =
x=1 dX ﬁ x:l[d.x

d x—1 g2 o
A p f e dg | =3a 1*+2a 1+a Smlh
0
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2 =3a +2[—-4 1 J+ a Substitute
1

e
2 _ 2 _ 1 Substitu
O =3 +2( 4 ]+a1 stitute

e efm
& a = 2___ 3 2 +2| -4 1 Isolate
! e

el

O W= g
d(d d d
AT a[af[x]] . ad—g st
x—1
d| d fo d 3
— =2
&le dxldx n x_l dx dx[a X7+ a,x +a1
d d B -
Oy 124—— e —6a A+2a, Sl
r=1 ,\/ndxdx 0
| d d [t -e?
1l 4a d = Simpli
&le Zﬁdxdx IO e dg | =6a,+2a, plify
(- 4 _-6a +2a2
eqlT
& — 4 =6 2 +2a Substitute
eal T 3esT
a = 1{ _ 4 -6 2 Isolate
& 2 2( eaTT  3esT
Na =-4—1 Simplify
2 ea T
C]f///(l) ///(1)

=g
[l [R{ale]) o

X
x—1 _ a2
d|d]| d f ¢ ' dt d(d]|d
a4 1d /»i0 = d4da(4daa 3
&x=1 dxldxl dx ﬁ le[dx[dx{dx{aax + ¢

x—1 _ a2
LLLU -t d&]:6a3 —
0

4 Isolate
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& a 3 = 2 Simplify

3eﬁ
O
= — 2 _4 1
Dao 3eﬁ eﬁ
C]al:8 1
eaT
g1
Day==4Tm
— 2
C]a3 3eqT
_ k
Dg(a?)—kzzoaké&

&g(é?)=aoz?°+a1;?1+a2;gz+a3;g3 Expand
Og(®)=a @ +a,@°+a @m+a, S
&g(é&) 362n9793+(—4€1ﬂ);§2+(8€1n]3+(—363/?—4€_j7
%2 b 2833 > a1 s
T

=—4——+38 + -
S Aoy vy ol Yl P N

Ol
(3 )

(o) Exf (&)= J e ! dt]

O f(=)

5

I
=
&
|

N

O N E TNV o poy i yoy oy
RC: 09/04/12: OK
(e spline(;&):{ g((é;)) E;;ll))
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Graph Building Blocks

0 Curve at (x , spline [ x ) where x = left ... right

with a line, colored .
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g~ Curve at (x ,f[x]) where x = left .. right with a

line, colored .

iy~ Curve at (x ,8 [x]) where x = left .. right witha

line, colored .
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