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Farelds ning 1

Par}ike\ sys&em
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For masscentrum galler:
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Sampie Problem 4/
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Total rdcelsemanad
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Energi och arbete
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Forelasn ing 2

For pardikelsystem (i ciela kroppar) ar det praktiskt att- dela upp

dess rdrelse i

* masscent rums rarelse
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Plan racelse

Translation : 1-feinetsgrader

——  Retationt 1 {riketsgrad (kan jamGrag
rmed 1-D rarelse, da- @~dast rolation
\;rf;\g 2-axeln ar H\\Mem.) |
Vin\ge\‘r\a\shg\-\eh RERY

Hagtighet: XX + Yy

Viifran unreu Y.v. ser v fa\;a.née—
ldlr\=\~'dp

)= v

Rotatigagvektor W: lw\=w
, . P
Y ‘)ek&( \ahqs rotationsoxeln ol ar riklad ‘en\'\9§ skvuvrggehil.
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Plan rarelse :
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V,P=.|-u> — R
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e

1
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2-Dim rolation

Belrakia ‘\5\‘)4,\63 rb\qhu,: \kvin() _n axel

b X

dr= woxrdt  (dar 4 representerar 2~ Viken Erc\)

Rotation med w': din = wd i 4t
Vi adderar nu bada rolationerna
dr=din+di=upxmrdts wxirdt = (w+u) = i dt

AR lunno addera rotabionsvektarke dterkommer R~Qr2 fsc 3-D rotakion.
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Avstandet mellga A och B:. v

Antal Cn‘kekq\rchrl gt T
LT T \“—A/B\ ac konstant
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Bestd~ W och o {5 punibe P uBey et

Y, Y=, @ =

Nu har vi en icke-{ix punkt B Vi delar da dpp rdrelsernas
{ mikpunlts transiakion
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Egﬁrg\g";v\'\v\g H : 1
Ricelso relativi roterande koardinodsysiom

Belrakta nedansiagade inechialsystem
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"8 med goMyc\c\iq& bidsberoende (\'(ﬁo\s\ﬂhon)
S

7x

Vi har tva olika fall med relakv rSrelce

V. A Fix punkt pa kropp{»\ 1) A varierar m4 bidea
A

N
Blr'/s

Betrakia nu {¥ip~de rotghon

dy
y §+Ax
" " Vi van ullasq ur -Qqqren aft
y‘*&l { : e A A
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4§ pewdrisom =X, [djl=d0 = wdt {7 =-wdtX

Ur defa {Gr vi caledes
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Far “9-1«' Yy pa (sregaende sida galler
AR
dde W= w3 +Y\7+‘t%
\—-V——-—I
Samtiga Hdsbecoende
Vi deriverar I, otk (s

Wp= 1, =1 + (xR +yF+22)+ (3% +y7+23)
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U X ir -(?QM : Weel ok S R
tidigare) Svaracr Berar pa Andcing
mot all koo Adinal- av \dget relativt
systemet andear gin koo cdinalsystemet,
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A B8 « R\
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Q\A = Q\k*' ‘;\’ X+ ud ‘i- *er_e_\:l F&r ;‘( XXV

up xir + Vel
Delia ge- allisa:
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F5ljande (5rlopp utvecklas:

)

W (x +4x)
Hastiqkelsandr:rq \ wdx=wi it
Ax=x{t. , : '
&—‘h ~n AL

N Wy = (,kR) 2w x W qy

xd%k=xwdty

&

= AW, Wx Vel

Vi “(:\f‘ nu {va \ﬂ&raq:

E# &( ol kash‘qke*ee\ P-9.0 rolation. vilke~n Andcas dd \'AA‘QN a'\drd$.
E“ (ze a% ru'\dm‘n.’e.\ ardeas med rolabanen,

Des¢a ar lika stara.

Newtlons andca \A@ i inectial Systenn

F=mon, = ™ (g T Xir +00 % (Lox ) + 200 % Weal. * G, ))
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Edroldsning S
3"!\\\(03&5 ;\,mgmi\t
AWa~ stelkroppsrarelse har © ?.—ake»squer:
[Zs\ beanslation (matscenteums \&9¢)
3¢t rotation = talar inle om ¥ \aget utan om "kas’figkde.." Y
Desca beskriver b rarelseekvatianer
Trans\adion® . Ro‘ation:
p=F . .
F=ma & Mg = "Andring av " L,
P=rV

Vi behsver @~ relatio~

Pla~ r3relse (‘L-b} mellaan L o Wy

W xQ-
i (lwoxm = wp)

L2 poxp = LZPL xm (wd =)
Vi ¥ikar nu baca pa komponentRr //w: L.

L(.:Z"‘iP:UQ= Tw
)

Beror bara pa kroppe_;s_s'h =
Tfaqu\SMDMQﬁ‘\, 1
mASScBrAQ\Ainq.

Vi hae C'o\;qn&e ekvation (3. pla~ rotations rarelge:
Mc,= Im ('—' i'w) dar = ar v‘v\\ge\ a“Q\efa\»ignen
\ fall kroppen hac en fix puakt 0. 3 Criletsgrader.

My = L,



Berdknaing av_trdghetymoment

(Mm.6.p axel: I, de avstandet Hll axeln)

Kankinu erlg m ass{srdelning:

dA

dm =J>dt dae p ae densitel (massa/yreanet)

T, = Sprtda
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Ex?
!
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Pocale \\axe\ teoremet

Io= §rtdm = $(d 9%+ 2dp)dwn =
=§P‘de~+"“al*d\‘ ™A
/ TP =0
Trbng‘SMQMQa'\'
{5 partikel’ G
" Sheimerg so¥S" lydgr:

1,21 med likhet e~dast da Q=6
Ex 3 Vi visae nu <ambandel mellan le bAA“ ‘P\-l'\\t\'iﬂ\ﬂs *"QQkQ*S‘
;___ = L ; vaMQl\\‘.
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Vi hae
S
IG-EM‘Q > I‘I +M(£)=hx (\—.I--y.q)_; ,Q
«— X,v,Q
Ex.
r ' |
Vilkena \raft bendvs fean undecloget?
Ka~ den vaca noM?
Vi kar:

uhifean dessa ekvationer (ig

Tranc\alion:
~a = P-F

Rotakion: ﬂ

jD( = Bt P(\\'\’)
Ru\\r\‘qu

a=v™%




D\!NQM“& CBr ste\a \«'Mr_

M=irx ¥

E

LGQQ!\ “5.« OSSR Atrums rérelser
Mo =%
\mpuls moment \0\9@.\:

éd—\:Sz TM, (map @n Cix PuM\d)

‘:‘:-(3=sz (m.ap MA(Scea\-(\.lM)

| plan rdcelse galler istallet:
lax=Z M,

) —

=2 M
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Allmant:
Energ ar oRestarbar
*AT=wW" da AT a Ardringen AV rdrelsee~trgi
W ar ardete

Arbele som keaft utcdfar: dW=F-d¢

n roment -\ —: 3W=M&e

Kineisk engrgi vid Yranslation: T= -7':-Mv7'

roladion: T="'z_"?.[m1 (\‘ﬁaq (J)
Dekta leder dify al toral kinelisk energi blie

= L TLLF ] T
Teimvie I eller TolIw

g
o
/1\_ *5}3:-- M'® Wis M*PL

K W, i ;D;,

Vi= WP Siam
Vi Cdr hae dea \ti-\ehskq Qaerq\nz
T- z%m viz ¥l Wt

b TL

F&r poctikelsystem



Vi gor @~ konlteroll:

Vi {ae alliga
Io: I"'”\Al

Det stammer e~ligt Steire¢ <als.

F-dr= Fldwlcotn= Freosk 40 =Mdp

M

13 CCQ‘C" , P ( PQNQ():

L orbete 3y

—

tidseet It




Vi gor 2~ \ontrpli:

Vi {4e allbga
IO: i""f"\iA?v e d

De* S "’aMMer Q'\\;Q\‘ S\>Qinerg SQ\'S.

F-dr= Fldwlcosn= Freos 46 = M3
M

EC(‘e\d', P (Powgfy

F-w
= arbeie 4w |
tidsemel  Jt M@

=i\§=



Sarpie Prablem €/9 i
ivel:

M=40kg , r=0.\m, R0~

A=0U05~, FI00N, (=3,

Berdknad W nAr rullga rard £i9 stedckan € yulan~ alt q\;aq?
L65h§sq:

Vi C«i\aqge« rullen

Efversom PunkIla ¢ gme~lant shar shilla

ufsr N ods T ingelt arbele,

Vi Cae
x4}
Acbete $ran F: F(H- %)dx

(o 89: —mg, Sinek -dx

FB"C\Y H'\ani Ax=¢g

acbete: wW=L[F(i+ %)—mqsnsu]s
]

AT
DQH»Q qer da( I(..= I_*Mr‘:
%_M(az'“'\)m‘: [F(‘+ %) -M?SEN\XJS dih o} ':M(Q‘*-r‘)
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Ex  Lada som glider mot el Minde.

i
¢ /MMOQQ\ \u)

% b

] ) 3}
Vi beiraklar de olika stegen:

® ‘*@'- Rarelser~ergi — \d9gesen~ergi

(Vi CB»;uMMAr arbele Gan ko&\-ak\haﬂe,)

® — @: P € bevarad \ -

E antagligea ¢ \,evqm‘é ‘(i(c\«.e—e.\a‘st\-:s\; skaY)
L, bevarad 1ty ko~takt cker under mkt or h Wy O
FAL= Ap "Normalshoc'

: norvxﬂ\ S\'ne
Vi kan nu sealt F= ———= wkster

Pyhe\ite.
v
X I —
Oy ’ s ol I ® “13-*_J
1
Y =
by= 3 o= Ipw = ¢ v\
w J Y dysomb
{ % r~ 1 'ly/ V—% h
Lo § Sl 00
Y 3
= S"Iéx=-—"‘€1
/1 (._5:
/ 1
/ ® AQ—“M(U“}N"‘"L\)V
® / M “—o Levara 3 <

\.. 5

b
'I_°= %M(bl*(l)
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Fareldgni 3
Allrmaa S"Q\\‘VQPPSI'E’Q\SQ
Kingmatil

Betrakia figue. nedan
A& I
peonp
>

Vi \ar CB\)qade v o

\V:\Vﬁ-[ﬁ‘%}“v | )Q\=ﬁ+(;)XP+_N>‘(WKp\J

» Rrtripelalg el alinn

1} /]
Somple Problem 74 - Precessioas raok.
AW

Givenr ¥=30°% rz 0.Sm, A= 025 m
Ve Ypgt N=lngg!

S8W: o, x, \vA,'ou»A

M wonstant 1 biden

W 1R konstaat \{) = M=y A G

g AVa punkier pa \i-\]Q“
G (& 590 abl; .
w= M. xw. ) il 890 ablicvel shilg,

curaslnd system

AZE \V=V$
fN= N cos ¥§ +NLsing z
W= N s ¥F + (v Nsng) 2
&= WW=wv= Mxvz Nyas¥x Ok}
Nu b@ﬂatvn«er W Wa
Vo< - 3+ (vensing) 3] x (r§+A2) =
[ W*\FA-[D.LQS y" v .QSV\Z)E.]X(!‘\/ =

= Qt.ﬂfcos ¥—=v(v +f)_sin8)—x



AL
% }(

} g R =

&
Vv
Precessionsrorelse

lsranet (5 akt iaFsca et nylt koordinatsystem, see vi bl a

den puakt sam nuddar marken shac shilla momentant,

= \
SIaW = E
- i
n g
V= -V SN X = V Sinn 2 n R
=- - in ==t-nk
a L i ¥ SiA% r
OSK= \l 1-Sintot
‘v\sa“'h‘\'\q eef ny
=-x o R\ 22N g
W=-xVeogm==x 2= 2{l= & =% T~}

Fér dynamik: =M
Vi behdver eHl uMeyck i L i termer av wd
Lacalogt med p=TIF, \p:M\V]

Fér plan rdrelse hac vi
L= Twa dar T ar +raa)ke¥smomen¥ rm. ol p AXeln,
S Tuh=M

Vi llust@rar (5 awad (seslaclse

A b (q\&\V: WX VT WIrosw
AT Vi v bideag ¥l L

L\ S X P=rmirxw
NA

S Obs. I Ge inke J/~td W, L=lme weos

& L=Tw

®/ ,ve\r.C( T Nveutsr

matrig

= >




F6\’Q\a$¢\i o0 ?

Vi wae reladionea

L = im

Aw=MAy Bidrag bil) W
I LTI % P Tar XWE M x(“’"“’i)
L= Ty wi % (we »ir)

\m&\‘

o= Sl x (v xw)

Pav
Lagesvekliaen v gckeivg
A A A
Ir=xxtyytzd
Vinke\hastigheten
W= W, X Wy § TR
Vi CA{ a\“sh
wxirs % (wy,r-wqy)t
\’I\ (th'wx‘th Obs cy\lisk permutakian
EYCXMVER: %N
x Y ~wyX) 3.\

Vi &are Ac

rx(eoxi= X Dy(way-uop) - B(wex-wa) |+
Nﬁ(""v’* = Wy ¥) - % (ony—wyx)] ¥

3 Ix(wax- weg)-y(Wyz -wy )]




2o, - 2ywy = X2 - -
o 2 YL -xy - xz
Fmxywy + (e )yt W (= rx(oxw) =

1 ~ Xy X+ 2t -y I, ‘}VBQ\'\C‘S'

%20, "/zwy"’(x“‘Yl)“’z MmAatrig

[TXT -y XNyl
Yi hae aft

L= f«lm ]: I ]U\B dar gd"\ [ I_) beskrivee QQQI\S\(QPQ\' C5e \‘KQPPQ,\. 4
Vi betraklar nu @lementen i +e59\\e¥5~\a¥risen~.

Doy huy L] ., deviationsmomeat, ovvike\se

I =|hx 1,0 F&e diagonalelementen galle.

'I‘ex -]7:)’ 111- IM‘ = SAM'_(_YI"- ’5?)]= Y }ré(ake"ihumef\\' AP x-qxe\nf

(Avs{éné Cr&r\ X-Qxe\r\\]-
Deviationsmomenten gar alltid T gymm.

Vi hace alltga att
Ix": I\,*-: gdm X\, a.5.v

Bedrakna nu ater exemplet med den svOngan de staven:

AR
(ara) &= “p ¥ Vi (ae Rae elementen
Qeosw N\
= Q@ Rty ~
j/ Lcinn T‘xx' ZM} Sie \x'gt TLen d Siax COtw
Y @ /"‘\’U\ AT > o
/‘// I‘I‘I Rt
O i m £ o™
beloa ger ogs ha%e%smamseﬁ
Sintw, O Siew Loton (o) =Sinseon
k3
Izl S o 1 o = L=Iw* o =2m£1..° 0
samcose O cov'm W oyl

Som vi $@c blic deha ani-ge~ omsia~diga bedkninglc Se isaliel $ill

denr malbris T vi echddlle, 0 Wi rakeact Gy §-cysiemed
0 O o

I = |0 lmrﬁ
0Oa 1!

‘2"!:



Vi sec nu ot T ka~ giras dingonal efiersom d@n ar <ymavelrisk.
Man diagonaliserar 1 geno~ attvalia @ L koordinatsysher

U de} nyQ SyS‘Qr‘Q‘ qa\\Qct

I,, © © egenvarden = i quu&h&,\aekkomeni"
I=]0 I,, © e9genvekiars vekior laags koard. 1 det sysh
‘ 6 o 1,

* K"‘NQ vitka axlar kan e~ krgpp rotera Jdtan M1
da w konglant har vi ingel M = L konstant,
w/l da w &r e.qenv'e\d-or b T o~ W pekar langs

"Nuvy J‘\v&qke¥ saxeln"

* Hita huvudirgghetsaxiar

A
e roYations S\,M"“Q*"‘

Uepyg /g3 = S8kt L, L=mMm

LéShiaq‘ Vi hare *VEQ\QHMQMQ'\‘QG

A A
‘ ~
Tee=gmrt W-WT= wsinx § -wicosx §
A A
IEY;.&M,‘- lL=-'_"mr"ooso‘~;g g-;‘_m—‘ww“v{
. A
. (\ngqa dev. Momer\}) Lzwxll= = gl et Sinlw Y



For \asn inQ q

Reguljor precessionsrarelse

z
A
I wd
precessiont g A /
e "'r/:\

X

€ ¥

s -
W =(mg)

Vi har Cal,‘q,de Spinn Oh Precession:

Y=V
n=n%
Traghetsmatrisen i X, ¥, 2= systemet

= I

Deka ger
L=Tva+I N2
L=nxb=1nvy
Moment fran tyngdkroften

M= WAy

DeHa gtammer om  1Ov=WIL  dus ‘“:%g
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A A A
> % ﬂ‘-fl?’ﬂ(’{cuse_-’;siae)
iw TN - A
uh= -.ﬂ.s‘--\e Y"’ (\J"*.ﬂ.(QSB)?
A A
% L=-T,Nsin0 T +TI(v+N 0s)Y

IL=xi= Q((-Igﬂlcosesiné) +
+ 10sia0 (VaLsiag)=

=R s~0 (Iv +(I-1) Ncos®)

Vi kontrallerdr genom H \ata =0 = =0

)

o= ov'

M=,

Jamlse deha med

M=WAi~0Q y

L=m?

WA=R (Tv+(I-1,).0 cos @)

- w4 -
dae v= 7 v 2l coce



Regq\iar pre¢ession adon vriAa«&( moment

V= Io"In e
T \, ¢O¢
_n_f. -—T'L = WV
{ T-l)cse (IT"--l) cos®
Vi tar V>0

Med I,>I fas >0, L<1: n<o

Betcakta figuren nedan:

T 5 ER ¢ A i zle A
L= I (v "'.ﬂ.COSQ)t" Io-n- $im B T

Praiivo n ap D )
Tro)icering po X =AxR\a gR«e:

T
A
S LA A O3
n 4
//}"V
i (1]

Ex. Jordklotet

x

oo Iik€ (veNeose)- [ N80 =Q

%

Nu ar O 2 lilen Vinkel & ol aveta~det meWda

ox\arna | verk\;qkde-s motsvarQre runt 10 m.

Vi g93c da. (5. approx‘.mahjcnen : cqseﬁi"\
Vi ¢er ot Obs, Figure«‘si © a GVQrArwev\ v
i~ vl =~ 300w Y
300
H”I\”‘l 2T 2 300 dagar

f(m

=Th=
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Vibralioner

x=0 da (jadern Oc ospand

1] ]
Ho ke \ag

™\

Fiaderkongtqat

F(';r ot \a‘“afg kuAna \Defakrﬁ SVM?\? nqﬂr (\BrQn\t\Ar O~ Vro\\t.m{‘\r |3\

Al betrakta sma vibrationer “ring Saderns jArmvikisiage.

F

Rérelse ekvation

M.)‘( = =-XX

§+5x=z0
™~

\ex
Grafen askadliggdr ok (jaderkonstanten
Mq“‘iP\ic@(ﬁA med Qans cﬁr\a'\q'ﬁﬂﬁl
% ondras \‘u\‘\dr\ pa ek lited inkervall

S Bea i deevall keing jamvik¥s\ager. Vi idealisecar,

Nedan visar vi det @a-dimencioneNa fallet €5¢ rare\ce:

- $4abilt jamvikislage (x=x,)

'

N\~

(E74"
R |

— FGy=0- Kk (X"“o\ *0 ((""‘o\t) To\y\ersﬂvec\diaq
X 0 vi gac Klrddigh ndca F(x)
Vi har \‘BrQ\SQQ\NﬁHO;\QA
rai == k(x=-xg)
Linjar Qkvakion m2l analylisk \65n3a$

=24=
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A

Om vi istollel Lac e~ andcagrads kueva

\“,K/ N\
;(O =% R dx

V(x = % k(x -x,)1+ V(o)

| %+Xx=0 | dar ot = wh=lk;| wed dim: (4iQ)!

kallas normal vinkel( ekvens
AW 18ca dennd homogena diff @kv. g6vs genom den karakerishiska
elvationen T HWL =0 med 18sningen = iluw, | |
Dela ger den allmanna 185ningeat
X(t)= A, e "ty a g it
Vi skrivee om ufirycket
x(t)= Acoswy, t + Bsia u;)“t (harmoniska SV&NQ'\"“)“') $in(ath)
Ansals: x(t):grt Obs. Vi kA~ skava x1= Csin (Wat+ ¥)
DeHa ar en \.‘Qa‘L.— Q\-;l‘:a;i;:\. vilket ger linjdckombinerbara \Bsningal
e erE
5 3 rzert
At vi har tva parametcar i 18sninge~ €1 begynnelsguilioc
Dimensionslull pacameter w,
= ¢amma kvalitativa beleende Cs.— all\a varcden.
3"

[d‘\MehﬂiOf\S\Bs i T=uwt .d_?-\. x:()]
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Nae vi nu uddver (adern aven har ea
k
dampande faktor Car vi ralte~
7 Fh‘"“[‘:ﬁ‘ |
Cs TN ; .
j ) () linj&e dampkralt

Pisio-\q

NN N A S NSRS N NN

Dela ger rdrelseckvationen

MmX=-kx=-cx  dvs.
x*‘g\x +@=0

1 o

dim (ki g)™

Vi \;y\Q( \a(}e,(,kn'mqar

,k =
& r_;;_uo“

So9
™

w <
N ddr X= = S [E- <

2m Wa 2rm 2 e

Aim.\é;

Foar alika r (‘Qr vi olika \:Q"Q!}\&N Pa Sva“‘)""‘.q"“

*(8) o
" T

"Svaq dampning T> o

|/
V.

Stark dampninq

"

3=,



Vi hae fslja~de diffecentialelvation
X+ 2T W X +w,.x=0
Ansats:
x ()= ert .
e lTw,. r4ws =0
"""wn-J\'m.\ ~wt n[-qi‘}_%—l:‘]
Vi har f5ljande fall:
Da os¥<); K’I—KO
r=w -5t LJ-\—‘?]
Déa T>I: ’Cl—\>0

r=uA,,[‘?3Jl'—\1 9er

QRr  5vag ddmpning

\ Aa\“p hb\e

F&c o betrakta situalipnerna bothre, sdHer vi ia T i de~ Allmaana
18 Sningent

Vi bérjar med svag dampning’

L & iR Jwat BQE—K-LJT-_F]mt L

= @7 SWnt (Acoswt+ Bsinwt) 48 w=31-%"w,
Vi observecar att dea svaga dampainges & Nk d@n o ddmpade,
N4 HIl de~ starkt dampade:

2 reella rlfter K =w. |-t m] $0
exponenticllt aviagande

x(1= A"y gohit

Ex Y¥>\:

—m

b TR LIS SR (P i p}y’-r(\ (S P
Q

B
w, > %0
i

= 321=



EH# specielit (all far vi da T=)\.
BDetta kallag kritisk dampniag.

Vi war (3\jande:

\

—

Nn=E=R=r=- TLQ“

x¢t)= (A+BY)e™

vyt # N7 )
3

0 [y



FB!‘Q\&;m‘ c\q' \\

s Fh=FRsinwat (Alla F®) kan skrivas som

N
Pl
g

& Summan ov sadana Wraller)
Lat ¢=0

MmX=-lew + FQSiO\UL)'t

oL koo A
Xt =Xx= Fsianwt

3ls

Nu far vi allbsa e~ differeatialekvation med bdde e~ homogen-
oth @n  pactikular \Bsning

x(U= X, (D +x, () dac X, () Be 18tningen HN den homegena ekv.
Betrakla partikulare 18sningen

X+we x = Fo Sinwt

~

Ansats:

X () = Asinwt (1AL amplitud)
vi {ae

(e Ag e+ w, Y Aginegk) = —F;f st

A - Fc /“‘\1 = F.-_-,/\-’. L. E[ \ — F&r&l&r\cnh\cj
Mﬂ'l._u‘) _ __‘\.‘-1 W
\ wn] L3l (‘J,\]
MQ&(G\Q K‘
\‘/ I Far\anqmng vid —M keolt Fo

Ot CQS
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Vi \dggec nu Kl dampning dve ¢>0

X *‘h—c:!x +‘£!x = _F.°. $im it
My
Wl

1w,
Vi siker pqd.'w\‘dr\as.,i,\gg.\
Arcdh
X (0% Agin (ot~ @) dde & ac (acfaeskjubningen
Xp W= Awcas(nt - @)
Xp (b= “Auwtgin(wt =)
\nsalining gor
“Awtsin(wt - )+ 2 Tw, w A cos(at- @) + AP Asin(wt-9)= % Sin (b - @

(betrakta  Sin(wt-0+d) som sin(ash)
a S

= %’-(S‘M(wt—@ cosh + cos(wi-0) sind)
Dela upp ewvatianen i tva delar:
Sar (FwrrwI A= Fo casdh
~M
cas: 'LF(A'\NA = 5 Si-\(b
M
kvadrera Lada leden 1 kvaNonerna

g A [ oo o)+ (2 Fusnso) 1= (E2)’

ban § = 5000

wr-wt

Amplitude~n A blir

Fo /%
A= T\ =
Jo- Ty
w
"a'\¢- 1§“)v\
- (8y
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N ()'u- §)=—\<x

%

§+£x=-§-;‘_s=m"s°s}ﬁwt
~

EX s 1 boken A ko coswt
2z R A/A
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P < 34

I P

W [ X

Vi har nuy

18=-ke- . -6l ‘%‘°5th'-&
3 3 33 3
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