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Madisetti & Willson, DDS Freq synthesizer

O phose accumuiator

A~ N |
def, ]

Nor malited by 17

ongles muck be in _radian

for amgle  rotations

v

MSB (@) MSB.(®)  Guadant

@ radion converten

MsB, (@) <%

-i<O=T¢ <1

6"

n J L]
00" =n"< %

V

N-bit  binary representation of 6"

the direction of Subangle Yotation

be € {01} —> rre {4,+1}

@) sinj s generartor

omgle e oding,

Slh g"

008" =T @"< %

cos §"

V

@ OUi'put' STog

Sin 6

- <G =1 <41

oS o

Vv




Radian Converten

P |
0<Q'=m@"< 3

Normoli zed ongle ¢

(}5 Msgy | MsBy | msm3
1.Y‘t Bunagdromt
1) O | O [ mses
MsB3 | = ¢" = ¢'
Ms3 | = ¢" = 0.5-¢'
0-3-—@' (9, | O | & 0 | o G
+ 1
MSBY ; MsBa | MsB3 Zln | 9mv | Swap
Tt £
N\ N
/o N\ b s /N
\ ! \A=¢
{ = 16"

T+




Angle Kecoding

s [ 155, 155, e () <B"<] e recoding (i

AH

N )
Y hat = dot g ren
k=1 =+

be € fo, 1} M € {9, +1}

fha=1 —> Tpn = 1 M= (2big -1)

| bo=p —> Yau = -|

c;bo depends gnb3 on  bit widith N

. = .
Lor Fised N, ¢o = = Jz_u—l—( IS o Constomt




Sine [Cosne Gengnator VerView

[Xe]_ [ (56 -sino [ Y]

-\ [COSG-‘= (0fg -Sih@ I
ird

I.Vo-l | Sing cose -Yo‘ I_Sin 6l L Sing

coss J L O]

& sefuente of Subrotatimg of the provi fmown ongle

6 =000, + 0, O % --- 4 0y Oy
0\& = g'.\) 0, —”\{
O |04 = tan? 2+ tradibion d CORDIC
@ [Op= 2+ possible be cause.  §"<1

[Xo] _ | (56 -sine || Yo

I.\{e-l _ Sing Co.’l’_] L \fo‘

o))

. | -tam(&:oa)']
1 Lom(me) |

1[ !
Lom@e) | JLtm(o)

K = |@S(6:0,)] 0S(5.8) s0o

COS(O—a Oa) Scale factoy
0z = +I positive ang\e_ ro€a kion
0 = ~| Negative angle  ro€ation




The fca\,l;na K
The initiad  rotaktion b, = 'li' - '—]\:N'f')
Yots tion Staabng  point

(Xo, ¥o) = (K tosh,, KSinty)

HNNALY WO b ths  §i point.
COSCOAL 3 ed forwand i o
O - |msg,[mse, 1ss ] — B — (\]@ k5 @&-k
bin ar e codinay,
re presentation
£ No  Compaison
no emor buwild wp
O Gg=tam? 2°* tradibion . CORDIC
L @ | 0e= 2" possible becouse  §'<1
=0, tom(2)




Subrotation anale G4

@ G2 = tam™ ’k—‘tmd;banag Corpic

[ ~Oton( ton™ 2% ] S [ -g2* ]
Lq tom(ton™ 27 | ] |_q 7t |
231 @| 0= 2 posSible  be couse 6"<1
([ Gtey]
[ 1 -Gten(z] |Gtan(z) |
lGtam(z?) | ] -
(1 g2t ]
\. G 2" | ]

the tomOn  mutbipliers

nsed in the  firck  few

Subrotation stages |
Crnot be im?\emehteo\

6 gim Ple Shift-omd —pdd |

Dperatrons




N

1) Subrotation angle 6i= ten 2™ trad,tional

K = 08(0.) oS(e) +2+ (o5(6)

kK | -'tMl(o-oGo) -I [ -'tom(o‘\e\)] [ | -'tOM(O—ﬂOﬂ) ]

K |
L

omeo) | J{tm@e) | ) Lemlmo) |

s = tamt 2% —k#%% = Z—k

() ] — "
K [} M X4
2o N
0o ° | .0 | 042 |
U= | L AW S I ]
o pv.ra |
73U —And —&dad




@Subrotation angle 94= 2’* recodin@

K = 0$(0.) (o) +.. (oS { 60)

[ ~ton(@e) 1[ 1 -temfre)] [ 1 -ten(0iod)

'\

| S

1
Lomme) | ] [ome) | Lomo) | )

| Ga= o+ w® | tom Gy = tom "

‘( I- I "o-°t0ﬂl(2-°) -l s e e I- ' -'OL:Z-L 2o ’ -0-”2-“
o [_oztam (2%) | J L &, 2k | ] L 62" |
- ? <
Simple  shift~ amd —ad d
ROM  implements bron shift- amd —ad d

Yeduted Ch;)o ane a.

Iﬂigb% O}vwal'iw;] S‘yced,




The desived  out 'pu-t preision ih bits

dotermines  the npmben of  Stages

2‘?_”\6 Yot ations a\waas Stak '(:rom thhe kxed Pb'.vﬁt

X o ascade of fed forward votokimal Stags

the algorifom does mot  saffer  fom an emr  build up

Whith |imts the acumey of most  retursive

digital  0Scllabor gtrwckures




/-\ rchite cture

(D Pphose o cumulator @ € [1,0]

(:) rodvom  conyventen elie Lo, %)

@  Sine [ cosine denenator  Sn(0”)  (03(87)
@  Owtpub Stose ¢n(MP)  0(1g)
(A
¢ & [_'l)'\'\] Noy mali zed angle \\//
Ty e (-7, -rﬁ] - e lo, %] 1st holf quadwnt

S (6”) (05 (6")

gn (TP)  coS(ng)




0 UM(’\ON'\V\ 9 ').‘ s (om ?\arﬂcn‘k o ccumul 2oy

Noymalized by T omgle ¢

Need  radian amgle © < [0, %)

D < <L rod

N -pit binary representm tion of ©

Contrals the direckion o{‘ Su\,mtob\on

N-bit  precision of (950 & Sin®

Oub put stoge 6 — ne
Sn @ - Sin TP

(050 — (esT ¢




D Phode O CCumul atoy

——{ Req
d

M-bits

ch —) Re 9
d

(CSet

Qoo.d

M-bit  adn — vepeateddy increments  the phise ¢

k)y ch at eo cth Cloc\( CyC‘C

PPN

Lye qanen U Contl  ord

at time m P=n ch/D_M

Cos ¢ = (oS (nFew [27)

sing = Sin (nFew 1)

1 4

A< P <]

Noymalized angle




Normalized Angle

O\t 'time_ LAY

@¢ N Fcﬂ/l”

Ces ¢ = (oS (nFew [21)

4

sin® = Sin (nFey [21)

-1 < @ < 1| @ vadams/7
~T < TP < 17 T@ radams
T < @ <t B radams

G =10

ge (-7, tn)

¢€.— L'Is‘”:\




@ Rodiam Conpmten

A\ N\ / N
[\ / [ A= T
( \N_Ar || ( |=T¢'
= / \ )
\ \N| / \ /
N A
(9!_; 'IT(;DI (9""—' ‘|T(YD"
MsB,
-l < P < H 1B, 0 <@ < Iy
MSB;
- NP <+ . y 0 <Y < 7/y
-1 < @ < 4T o < 98" < 1

rochiom Yok aan




Normoli zed angle )

Cb Msgy | MsBa | Mse3

e
N

\

Quodrent of  WUhaf

o L haf
¢

p4

Stored o ihterChanan./nEQAbe

@’ 0| o | mes

T+5=TP*7
NN /NN
[ I\ [\ AT
( \ \ ( \ \
\| ) _ )
\ |/ I\ /
\\ (ti=w¢ '\"W\\_/\/

P + @ - TP +o03 0o
2\ ‘ﬁq&‘ <+ | l?i O\

A‘\A ‘ ‘“C?‘ 4 5 3 [ ©

st Bload T+ 3-3 I




&u adrant gymme try

OIL// \oo
. /[ y+i= Y=7¢ 1
SNT N [ s \
(/ \\ \ \
Tr |
\ T
\ /| T | ey
N BECET
\0\_//2 ]
RN
/Ol +| \
[ 00 o | |
L R O=T@ =»06= 10
\Io 2 /

~ 7 pe [T m) e o=(0, L]

pe L1, +1] == @ - (o, 03]




@" [0 ] o [ wss
lft &hgdrﬂwxf
Ugper Holf Gunadrant .
/’\ Mg, =1 T ~_ T
/ PN / [ N5
/ /N / [/ A"
( / \ ( |=W¢'
\ / \ /
\ / \ /
A X | S
V7 % wypee uad (MSB3=1)
< jﬁ‘ .« | owen Hg\!g- (M§ﬁ3=0)
¥
el BN %
oSp=Sn(Z-x) /XA
AR Vv E
Swr = ws(&-r) ( T )
_ .\ /
(72 T-¥<%¢ X pd
’ “ b ~—_1




Mg Mimoy

0|0(L 0|0]o
/HY\ uid el N
/ [ NN/ N
/ Yy AP\ in ap\i
S . W Ry s w— —
\ / \ /
Ty 0< I <t
0"'= 0.5-¢' o= @

G: TI'(D qGiz Tr(ﬁ/ —.@”: TF(D”

ge [-T,tN) ewnld o = [0, 71,]) ==® 0= [0, ]

pe L1, +1] =B @ = [0,05] =B ¢@" = [o0,01)




@ [0 ] o [ wss

=T ¢
0.0 [1 ] oo
D Q" [0 o [mss

% MsBsz =0 Q" = @'

' MsBy=1 P'= 0.5- @

G = e [ Band wired WAL ‘:\;U\,)

O0< 0 <L
\
¢_>¢1_>¢//

15t 8pad Lowor HAIQ




¢

— ¢ — o

Normoli zed angle ¢

MSBy | MsB2 | Msp3

-l.f‘l‘, A unagdromt
12} O | O | msss
MB3 | = 0 CP" = ¢r
Msp3 | = | ¢" = 05' - ¢'
0.5 | oo |06 ]|]o|e )
-_ ¢' 0 O | Ay 0g O Ay
0.5 | 0 0 V) o o [s]
g L[ I1]o0o]a & [=m 0
05-0' | O ] O | & & | o G
+ |
Mok o | | || o] o| o o)




Comh'o,Q Siands : liVlV{ﬂl,') gfvlllmf, Swa}o

Normoli zed angle ¢

MSBL | MsBa | MsB3

L - ihveyt
1 — Invert
in ferchavnge,

MSBL | MsB2 | MsB3 » [ZInv | 9mv | Swap
0 o o 0 ) 0
0 o | ) 0 [
o | 0 O | |
0 |1 l l 0 )
I O o | | )
I Y, | I ( ]
] | 0 l V) |
| I l O l o




O=T@0 =»G=10 =»§G= 10"

ge [-T, 1] ey o= [0, 1,) e==» 0"=[0, 4]

¢ e L-,+1] ﬁqu' = LO) 05 ﬁ(ﬁ”: L0,0.).S:I

R radiam Convetien
-7 <6 < &7 0<8"< 1
® e L1, +1] = @ = Lo, o8] N @" = Lo, 03]
ge [-7, 1) & =L0,1,] e"= Lo, 7]
MsB, MSB; B
MsB, 0
/‘A\Mn'\l"-n
bUll)j/V‘]G
MSB,
MsB, MSB; .
e L1, +] ¢ @' = Lo, 0%] « @" = (Lo, 025
pe [-7, 1) & =[0, 1] e"=L[0,%s)
~T <08 <47 0<0"< 1
retod;wg i Pomb\c
N

Ou,{'lmt S‘h»gﬂ-




R radiam Convetten
® e L1, +1] = @ = Lo, 05] =) @" = L0, 015
e [T 1) o = Lo, 1] o'=[0,1])
MR, M$B3 B
MsB, ¥
re (oding Cﬁ‘v"")?wjl’“
MsB,
MR, MSB; »
e L1 +] pa— @ = Lo, 05] - @" = Lo, 015 )
ge [-7, 1) ¢ =[0,m) o"= [0,y )
Cos 0 cos & cos "
sin @ G sin @ (€= Sin ®"
Liny Swop
~T <0 <Am (4w 0<Q" < 1
0

Ou{'Fut S‘M%ﬂ»




[ _ [—— |
(B F Q" p< @ <1
Y ocki am normeLi ted
angle angle
6 <Oy 0<B <028

The multipleation by T

—7 could hawe nsed & hardyired mulbiplin
—7  butbt dop't have o pe o multi?liw ok v/l[iﬂ

(D in toble Adowokup PDFS  architectuve

—> here, the muwbiplication by T is [mlze,;c,;t

® jn (9RDIC avchitectune

the clemen T'o»ﬂﬂ ohdle one divided by T
[ -\""\ ,-. =

G = ' (27) /27

the direckion ofF Subvotations onw

detevmined by the sign of amgle difference

theve fore the mult; Phcation by T 15 not necessavy




5 Gine [ (osine  Cenenator

Guen ongle & (in radian)

0<6 <@ <1 e
| \'ll \\.//
0.785398163

sng| T

Compute  |(os &

.~

XQ'I _ [IOIG -$h@ ] A /'\
) Lsme woll%]  / Oo )= (56, Gino)
[ | fanh B v h r /79 ‘
- e TG (X, %) = C1,0)
| LT N

cos @ | [(ose -sng |[ ! ]

| sin GJ i LSih& cow.“- 0




[XO-‘z (0S¢ -S$hG Yo
] v

LY, _Sing cos J L T
— fﬁggr ’ -UMBT[Y«,-
we | JLY
e | I -temg [

0SQ
tom® | L0

A Se fucthce of Sub rotating OJC the prioy ﬁn&ﬂ&gﬁ_

duppet @ as o se wence  of  sub-rotation

{9’&} the  swhrotakion ongles o Rmwh @ lo)o'or"

then G=O—oeo+0-\9\‘\"“' 1 04 Oy

6\& = {"\) o, —”1

© Gg=tam? 2% tradibiomad CORDIC

@|0e= 2* possible be cause.  §'<1




G =O_°GO+G\ 9\‘\' ‘- "' O_;JO'U

0p = {"\, O, '”}

050, -’ oS(eo,) | | - ton (0:6,)
| ton(0.6,) | ]

(Y\ 9\ Q COS(O'\Q.) l -'taM(G\ 9|)
ﬂ”"(o-t 9|) I _J

0u Oy «=pp s (e0s) [ | - ton (04 0) ]
3




Sefﬁv\evs(e of‘ goL-roto\tions

0 =050, + 0, 6% --- 4 0y Gy

o\& = {’\; o, ’”‘{

[Xe] _ [(s8 -sino [ %]

l_‘{eJ- I_SMD cowJI.YoJ

Xo] = oS (0. 6,) ' - ton (0:6.) (oS (c, 1) ’ - ton (7. ©1)
-Vb* __M(O‘oeo) I _] LW(O'\ 9\) I
oS (g od) [ - ton (04 00) ] [ X |
L tm(G00) | LY

ya N

Xs| = k| | ~tom(@0) [ ) - tem(e®)] . .’ | - tom{040u)

o) Tlem@e) | Jlem@e) | ] lemme) 1 LY

K = |08 0:6,)| C0S(0 81) oo |C0S(6 04) Stale foctoy

067 = + | positive anjle  rofation

6% = —| Y\Cgﬂive angle  ro€ation




A. CORDIC  Blgonthm

G =000, + 0,01 % --- 1 0y 6y

6\& = {"\z o, '”z

G = tam 27°

‘twy\@ﬂ: 2'1'{ o\& c‘-{’\,*l.{

Ton (03 04)= (0327%

o [1 tn@e) [ 1 -tefe)] [ - tom(000)

h |tom (026,) | JLW’("'\S') | ] L tom(0u00) | J

K = $(0:6.) 0S5, 8) o2v (oS(57 64) scale factoy
RSN | EPE T I A

LIAN

Lo 1 Jleor | ] T Lle 1|

O ohift —and —add

K = 08(0,) cos(e) +-v 05(60)

Cons¥amt < each Yo tation

+ /— ntetion

'S acknally ?wf.wmA




[Xg] o [cose -sno [ o)

l_‘{OJ Lsing  coso J L YoJ

I A | i T I A A L

]
Lo 1 Lo 1 [ La | |lo]

K = (s, (0S(©1) v+ (0S(0u)

e detevmines pos /Y\e} Subrotation

Ly o ongle O

0% volues ona datermined itcm\'io&g
lo;l the Sucessive &??Yox\mahon

0t the R-th |teration

o | o wmatio the input ang)
then Cubtinct Gy

o if the (uwent o\n)m;ﬁ'\mation S the input angle ©

then odd O




CoRpiC HW L oF the hral B

/

7/

@ Co W\PU\"eS Qe

wphotes The wrvent opproximation by the sngle O

® verfwms the yvetakion by O

fa\o(d{l;iov; \

\ Cow-)owwvx /

Yedundant CSH Adoi Erow Z Bk

elimnstes  the oy, Ipm?af)«\'e Mm&t

iumUej the ’L'Lmugk put

the evalnation 0“" each Og CDM'PM/\'SDVI

Yequres the finowledge of the Sign diffecence
bf’_mw\ Tvo angles

the 5',” deteckion in  fedundant anYhme i o

non t‘ihlt&) BGH'QHCG‘Z

——




D. Re t.oob'hg. Al gon thm

O =000, + 0.0 % --- t 0404
6\& = §- y 0, —”}
A\ .A"k
Vg = K
- tan0p = tam2™" B R
~ Ugp =170, *1§
\
amilp Gg)= Taml0p2 ")
(osg  -sng [ Y. [ ] —tamp [y ]
l\o. - 4 ~ no = COSG 1 'Mv (AL
LYy Sing-coj» -Ye_ tom(® 5 _Y,,_
K [ - ton (r20,) | - ton(5.0) ' .” | tom(0404)
Ltan(0:6,) | | twm(5:84) L tom(0:0) |
K = 0S(6:6,) oS(s.8) ovv (0S5 00) Scale foctoy




G =000, + 0, Oy % --

1 04 Ou

0pef-\,o0, +1}

+l

=

" = | 2 b2t

= P, + M- 27

-
-

N
k=1

S
n
>

-< O
S
N m
NN S
t
»—
+
—

] -ten(®e) [ |

- tom(0.6)) [

W(O'oe,.) | ﬁlm(O'\9|) !

K = (6.,) (oS(0) +-» oS(04)

The Yetoding maintans o (onStont scle fackor K




e [ 1 ten(Be) 1 - tea(rey) | - ten(i6))
Clemne) 1 Jlem(ne) | 1 Lom(ne,) |
K = o$(6,) (0 +-+ 0o5(0) G = 2k
(M) o [ 1 -ton(ie) ] [ x,]
‘.‘(&nJ I.t"""(rf.ea) | 1]
Xk~ toa(70) Ya |
L tom(1;0,) X

Sub rotatioh

Xeg = X = tom(r;0) u

fn = o + ton(r,0)Xa




a:ng\e Re (oding

Madisetti & Willson, DDS Freq synthe

Guen ongle &

(in radian)
. i >N
, _ ]
U. 7003530105
. N o _
0 =2 b0 Pinavy  Kepre sen ta tion
el
iOQ e io) |-S
O = 2-*
Sygn T NBt = [S]bi by - by
- M, = (=0
assume O s posi tive L2l B
m '”F DS N N ! @ - -k
= ). be? = Yo T 4 2
£ R=2
= g,i, _*\f 5(3\“& a'kgiijs
r‘rbo tonsfant




@ iu!:ro tat’,oy\ L/y ,2"&

2 6‘5—%“@ hal £ robakbions by 2—&"

O]
(D) Subvotabion
2 egmel  oppobite ulf yobebions Ly 1§27
b OB
Birany  Representn T ov
bk =1 ' Yotabion by 2k
ba = 0 Tero votalkjon
Fixed

R-th i 05 2% rptation | [P0S 2% votation| <

Yo taktion

Combining @l the

(4]
?ixed rotations

= initiad Fived votation

POS 2" rots Liow 'Vle_ﬁ\ 2° Yotabion, < bz = 0o



bl b’— ,}33

bu

UK 2% 23 2™
ixed = | +a* | +23 + ot =
(!7|=\) (Lz?-\) “);—"—\) (Lu:\)
-|-Q_'l +2'3 +q¢ + oM
(l)!: o) (b2 :o) (-I)s: o) (l)“:())
_2'2. _2‘5 _2”'f —2’”"




Signed  Digit Recoding
\YJ U il U

Che votation after Ye codin 4
vV

— a F\'xﬂi innkiad  votation ¢o

& seguente of ®/© wtations

be =l  + 2% yotation
bt = - Q—k—l rota Lion
Yo = (2baa -1)
2l -\ = bgy =1 —> T =
2.0 -\ = - bt = 0 —> 1= -|

The re oding Meed Mot ke exp&b.’[—lz waomnea(

Simpy replacing bt =0 wil:h@

Thcs re(oding main tain S

O (onstont S(a.liha ‘[’M.l'or |<




& _y g Y -k
O= 2 be2* =¥, 1+ L T2

=)
- ¢ X 9
[j'\no\rlz Re_presenko%\ov\ Y bl [
1’\ 2—1 1‘} ‘24{ ').'”'
biba]|bs bis] bu

A}

\

\

\

AL NN NN
AAAVAVAVR VAV VAN

AN

| &Y

| £

Yy

¢o (

(

2—1.

2—5

1#

2"‘- l"‘ ™

S'\Snci D’\%Rt |2€1,D¢i’w\2, { 1§ }




hsp, | MsB, | Hsp,| amm® () 0" <] emm® e COdln% {r.d

N Lk ,

) by -2k = C;bo + E., Fo-27%

k=l =

be € fo, 11} Mo € {1, 41}
fhe=1 — Tpa = 1| = (2bes -1)
L bt=o0 —> Yen = -\ N
¢o depends m\//g on  bit widith N
for  Fired N, ¢b :_lc - Ja_m—g 1S o Constomt




The Sealing K-
The inipiad  rotabion @. = 5 — u

Yotstion Stakmg point

(Xo, ¥o) = (K (08¢, KSind)

D{abim  alosys  ctaks  from  this  fixed pont.

Cafcadt of feed for w and rotational Stoges

N\ ) N\ .
O » [nsm[hsmfrss | — 6T — (b)a* — (re)a™*

bin or (e coding

re presentshion

£ No  Companisn

| no ermr build wp

)

Oz = tem? 27" troadibiond CORDIC

4X
©
Vs
TN
N
N\
A

possible becomse  §'<1

I\ A~




@ owt th’ Stage

‘“(@:‘ﬁcﬁ <M

0Ly =T"< %

Koy = (o5 §" —> (050

Yy = SME" — Sing

9”6 [.0/ J‘E] @ 6[_’-“: +T|]




out}ou’c §taqe ShMe —> SmTQ

(S@ —> CofT ¢ C -7, +7)

sne’ — swm o

(S @ —> o &

[_0,. 34"..] [.'T: +|\]

"N egation | interchanse

m /XH\WA’{' The nego{-\on o(‘ (oS @” = XN*‘l

LI;-» \ﬁ i invnt Gn 0" = Y gy

interchanax, (oS 8" = Xpuel

5 0" = Y py

1 invel
/—)
Y e
/\
- .
s o' , fux ——> Smnp
— )
Y indont

0'e [0, %] O e [m ]




0o0v

olo

(oo 110

ot (11

05

T
sin(x
cos(x

@5 s
Kinv Yy Swap (of TG Cmr;é
Ooo o o o (S ShG
vol o o l Sme (s
70 O | | e o
o | © 0 s Sn@
00 | f o ~(oS©  Sin(g
| 0| ( | | —She  ~%E
L 10 ( © I T O(
P O | D G  She




0.5

0.5

0.5

0.5

(@

ShG
/ { " ‘sin(x
cos(x
0 1 2 4 5 6
O
50
q T T T Isin(x
cos(x ﬁ
0 1 2 4 5 6
(oS &
=Sm(9
/ \ T ‘sin(x #
cos(x|
[ 1 2 4 5 6
x .
Sin ©
W
' { ' Isin()( %
cos(x
0 1 2 4 5 6

@ S
(o5&
1 T T T T
sin(x;
cos(x#
05 - E
0 3
0.5 E
0 1 3 4 5 6
X
@ “ls G
Sin
1 T T T T
sin(x%
cos(x]
0.5 -
0 ]
05 E
0 1 3 4 5 6
x .
_SIV!@
© 050
1q T T T
sin(x#
cos(x
0.5
ol N X 4
-0.5 - E
a 1 \L n |
0 1 3 4 5 6
f@
Sy

' sin(x
cos(x|




Cosd

Sn &

Madisetti & Willson, DDS Freq synthesizer

(€1
@ Sh@ @
1 T T T T 1 T T
sin(x; sin(x
/ \ e /f S /f
0.5 - 0.5
0 O ]
0.5 0.5 -
0 1 2 3 4 5 6 4 5 6
X
® o
2 2%
1 T T T T T T
sin(x; sin(x
/ cos(x# cos(x
0.5 [
OUF e N— e b el N o —
/]
0.5 - 05
4 \ ! \ : / . . .
o] 1 2 3 4 5 6 0 4 5 6
X
—(oS (& udc
@ ININ @ (X0
L/ 4% < =
1 T T T T T 1 T T
sin(x sin(x
/ cos(x cos(x%
05+ 05 F
o) N NN . ¢
05 [ 05|
. . \ / . . ! .
0 1 2 3 4 5 6 0 4 5 6
X
Sin© g
m —(af(g @ ~{hgy
o/ & =
1 T T T T T 1 T T
sin(x| in(x
Cos(x| Ccos(x
05 F 05 -
N
o N B °
4 N\
-0.5 -0.5 -
. . . . . \ / .
[ 1 2 3 4 5 6 0 4 5 6




Sin

(of o .
se Y% (0,0) 0 we) *tE (0,0

o) Y= (0,1 ® e -+, 0)

©

~N/
~~./

®

(o -$ime
E;S& - - (.\’: ‘-_) @ (X ) - (". l)

~N/

7
/

S

(43

) =k (0) B BRI S R

/

~/

7




Xinv  {my S‘Na.!b C°,(7r¢ Chﬂys
0oo 0 © 0 (fQ  ShG
0 o | O o | Sing Cos (S
010 0 | | S h (of©
D1 | I © 0 ~(0§ & S
0 O | [ O —(oS (& (S
| 0 | ( ' | “ng %0
L]0 ( © | S WO
| O I ) ol @ <ih(y
0 )
O ™
v
O o
V)
I l .
1IN
|
3 : N
D)
( |
(
9. o)
e) 1B
O Db
O] o

| | -1

| 0 |0






















