Dﬁjr\&W\\Cé Part 1 - lagvongion

D\Jnm"c3= the study o a roeot's nobon ad. L Hforces and t+orgues thaot
CANISC e MohOn . 1+ TnVoWeS o7 exawele opplications o con@ept s & oms
PSS ) Mmool e behowior  of e fobot. This i importont for  controlling
rocohc  systurs  and for wrdd ritonding  hopo fhe Mbot (ntratts with 4

envinnmyst. This  can as0 bt used o desiga  OnHdl Agortims b adjust
Me fords and Krgues  applied +o the obot in ordes ‘o move Tt

When deallinty with - a0 manipllotdr  and we  wont (£ to move ot fonn kS
¢ofbngy - posihon Y0 & rarget  posiion | we metd to Know  flae dynamiC
progei hes of the monipwlaror so that we con predict  how twe  vorious
forces  and ageleranons will affect the nmovement.

- £ fof eXxomple +too gman  forces are  agplied 40 pro duce movement
WL Moy Waue o +00 Slpw wmovement,

~ \F fne GO(ces Qe 400 SWONG, we nay (3K making the monipulafor
colide witle pther obj€( S (A fhe @nulDhwent 07 haw it
Swinging e,)(cess{uct\ﬂ witlh  respect o the desred posihon

Dyrnamic§ caun be divided i(wnto two areas: Kinevhancs (whith we already
have ooked at) ond KmeBCs. Kinwuvmatics ALols wth  the des riphon
oF woton vitout onsiduing te  foras and torgnes that  cangt tne
MmoHOV.  Kinetics tarkes the ([AS andd HguUrS iato Congldra hon.

S0, let's start  witha lookiney okt  dynamits 0f o fobot.

A kyrical Yask n dygnamics s ¢+ delve e dynamical model
Lof tne wuwunl ¢wlotor WSING  Y\e Euler - Logronge eqguah’onsS

' what 1St
Euler - le% rfaNQC - lagr angion 7 we
Lograngian need 10 Hadk ikt
torqgW - expastion
for it K T'K 3 oL - oL

ot ; —>  dwivabue o joint varialbles
99}!« 9 %x for joint w

The fwl cobot dynamic = model (o e whitltn ay o vetOr  (ontaining
Tk & w0 joint K=l .., n.

T “ s Ahe wnumber of joints

- T -Taha ar Ahe  Euler - LagfongR  eXpressions
Th for eath  joink.

T =



The  dynomiic model is repe sented then by 4he vectdr T of joint
torques  dhat att on e rowdts joints.

The duynamic model ncludes ezunaNons 1hot describe  the reoationsiaip
bttween e jont torgues | ne rowot s (wrunt  joint posifiong oad veloa hes
and it's  ohd ot pnysical  propel hes.

The Hraues for eoth joink  raresented T

) (on be uvsed o contfol +Hne
mokon oF The robot. §p by cojushng the” torques yow  on  JaIn proKSC
b of e vpbot,

The okxonwniL model o a\so  be ruwrithen:

Torgwe 10 Le gepued +o
oacuieve  dusived ohon » T

wlcnare A  Lasecdd on e
T’:D(\,‘.C( A\"\' () wrront  Stade of twe
319 3:.3194 * 944 rosot (positions veloches
oA (e IO O .

= The qgoal 5 wsually 4o eXpress the dynamics on this Hrm

Gentral SstepS 10 fnd  +ine dynamic§:
1) Find the Lagrangion term L.

=  endouls Hv!dilm) kKineh( ond  potenhal energy of eatin mass [body
a) Use tve Euler - Lagrange equdhon +o Gndl Ty
_)

We yce Flae L&g(angiaﬂ L '(Of 4l S .
2 We have 1 diftotnbate )

{or eacdn joink

3)  Rewlit€ 4ne  dynamic model

imo TS form
T =0(4)4 +C(9.9)9 +9(q)

(if reduired in task)

Components

of the Aynomic model
T =0(9)4 +C(3.9)9 +g(q)

for & manipulotor

Thil  can be wnitein oS 40\\0w(ac3 for & 3DoF (2jont)
ont cw \aXor -

du di d.n Cu i O3 A
T = dq) d22 ds ﬂ -+ Cui C22 (a3 q + 32
ds dix diz

€3y Cyn  Cs3 93

C J
Ealw fIm in the dypgnamical model represent s

forces that
act on the voeot (this is described in dekall (A a book colled
"RoboKCS" Ly Brund Siciliano  (yvyow can hnd &t i wow search for ot
Oh goo9le 0 )).



TOMGUE * Y L tuat canses votational motion, wuea a
YOrque & opried 10 on okjek (IT (AUHS it 0 rottt awomad on axis.

Inerdon [ Hregnet © n property of objelts tlak says thot tuey
WL remiaen ot reSt pre Th wadn MNgng Mmobon wiless  An
extrna\  force alds on twe robot.

- D(q)q = the accclerabon term

- D(q) Aescribes twe inerto

2 aowrts ff W T 0N0SS 1S ATVIBWRA i T vokot  and
Now MM obfelhs 1ine ac e\ Avon OfF 1The rotot.

T The diagonal 1terms of the madriX D(q) represeint s the
nmoment Of inerfoc at  OInt L axiS (n the monifUlaxor
while flhe other joints are  blocked. &5 saying sometning
OO o WY tan joine s by 1T ANk how hnavel
£ % Yo wove oy TEse\fE

= Al other krms  represent  twe  effexr oN A ot on
endn  othef. Tinis e WS Wow wharae + 18 40 nicue o
olnt LeCarse o  |luww (E's (onnetied 4o ottler parts.

- ((g:194Y9q - fhe  quadiahc veocity term

- ((g,9) desuibes the centrifmgal and conolis forces

D Desunbey XN QeSS Anoxr oNse beconni of tne volots
own Mohion N tIne inkerahon  rtween  digfeunt  body
PATES oS v vobot vmoveS.

- The Aiagonal erms describe +whe centrifigal\l effeck.
S e fofce ok pade s yown (el WRC gowre  beang
PN ol wwrd S L ex Wwawn dfiving  too fost
in & CW.
- AW other H4erms  describe twe oriolis e (felt.
= wWhor akes o SWAgnt  PARa LWVER whien o
0T WOVING N swvw,’rv\w\g wmor's  olrendy Mmoving) .

= 9(4) 7 flac 9raity  Rrvn

~ A Vethor thoXx Aescrives tle force exericd on
twe fokot due +o grau ty:

S POVt 0 unAW dStmd  Lhiow 1mancha force needs to be  applied
A0 OUNMUKNKE  9gravity) .



Btw, what e 4,4 and g ’

- 9 ad 9 Ak 4 are veCAOrs

%
- 9 i Ahejoint posihon vectdr. It repmitnts 9 - [ " ]
twe  robdt y jointy POSIHOWS

?‘V\
T 3 is fhe velouty of the eint variable o {q.&
~ either O or d baSed on Jo(/\’c ype 10
- ink veld city) et

- ‘1 (¢ Yue accelrahon o4 twe

joint  vasiable g - [ix
= either O or d kafedd on jolnt ypc 1n
- Joint  aLe\raXown  vectr

Simple  examele”

D The mm\j—go—arow\d S ey So

neds wort Hre 0 nove or 1P

whithh s What e DGy mariX
Aes (v ibtsS.

Lt

Whon e muvy)- 9o- wouhal
sfmmv\co mA Yot hold on, yow
fea\ o “rce puling yowe outward s
whithh > e centrifugel  frce.

> F yow iy tp walg on the neTy- go- acodnA

WA , it wil be Joy) nardh onde Tk 'S hag

N A Stralguwe
fWwo ot pesuribed vy ((9,.4) Morix.

(OfpUtS ek, Twuese


Claudia Badescu


Lograngian  ntro

- Before we gt B the dynamical model of the robot | we

have
‘o do sowme calcuianons.

- Twe brst step is ¢o calanlote the (agrangian tem.

Lagrangian @ The dikference between Kineh( energy ond
pottnhal energyy.

- L=K-P

- We have 0 moke JSove asSumphonsS aboult our

moaniphlator in order 4o bt able 10 calculate the
eneroyy ¢S

p—

BodYy omposihon © a joint and the attached lnk

ALK 0re caan be counted as  ohe body/Mass  of not -

wsauy some  LInKS may ount as massless. The +ask

(ndicdied WSwol\Y)  presents  how monyy massesS fwere are  andk

N e what Yhe y represent.

sk wort : , :

oV (esS - Body shopt © A link withh or without s joint

Cleasly 1) (o be (onsidered a reu«o.v\gu\,\ar/ Llﬁ\ir\o\r[(,a,t solved .
" - MNKSS AiSmbuwtfion: massS can be o\'\\s%f{budcto{

N0 ASSWWPRONS uniformiy (or v\om-um’form%\ of ncentrated A a

WIW N single  point  (point madd).

calamahons |

HARD

=

TNEse  assSunmptTions [n flutince how we calcuwlate tue
Aynamical model . ASSumphons aboUt bod omposnhons
Ackate lhow manyy mMagses art present ancl 0SS Phon S
AboWE  body shapl adl mMosS Alsrri bubon  deterimuine how
we ol culoxe  fwe  enrau. = Read +he task carefully.

Body  (omposinon :  hew mahy) pvasSEs Ak present and how  do tiae
bodils QK2 At woe comio\xfm;g Joims + uaks a4y One mass /bocug ?
Of are we OALMWNg oirks ard ~ links segparately 7 A mix?

MaSs  distlionion - uniformly  dist(ibnted  or  pont mass 2

S Rt MAsS: masS 18 nuntfated o one  point  and  Haat 'S whete
the centre of mMoss s 420, Inerfia YASDS is allunys O

S uniforml ABHibAH A © mads 18 evenly A ributtd  ouers Hae
Y) Y

MOSS llood\ﬁ o\ ol centsr oF avmasS IS in v anaddle
oC YW body) | MASS.

Body svape - wil olfect tue inerha matix li ) bux  Anis mowrix
I$wewa\ly  given o us.



T—'(r\chr\co the Lm%r&ns((xr\ - (omponent s

L= K - P = XaehC energy - porenhan eneryy.

- Kineie enerqy -

1 1
K = EmvTv+Zw7Iw For one-link
1 n
= E‘?T[z MiJui (DT Joi (@) + Joi QTR QLR (DY i ()14 For n-DOF links
| =1
- Jv (4) q - Wi = Jdwlg)q
- T.- inerbe tensor (L =Rk R, in 3evugra,\,\
also  called. - \;\Lrh&({‘mnwr 0f nmsSS wij withh resrect to fue
(nerkol konsor of (INLY & oL .
MmOSS m; — bt
g witw re spect \xx  lxy  Ixe - 9veS WS an idea abokt  lhow
to the (oordinake ;i = lgx  lyg  dye woss 1S ALSbutedd in &
frome axtached J lex  H2y e faid body.

10 body of wass
W

i wsuwaly given  ande \RSUL W ave o G\r\oL T Yourself.
Y This mens fast o bnge fnk R, ond  Multifly
T withh i aLovding with Tt fomnia Ol'oOUQ f get I
Ri = rotahon matriCes
tHom base 4rame 4o
con bt Rxx Raxy Roxe the (OOrdinade fowme OF the
CONCU A Ry = Ry Ry Ryt moassS
wsing - oody Rix Ry R
s\age. OSCr
Wil show . . -
W) SO0, wwat Yo do T aSsign a0l dinaft Hawl 4o tht mass
Y certve I T quetnon o ?s

‘ N tne  rotahont R between bhset and
Y oOrdinoke ij{'CW\- Pt how Yow puct the Howl on tine
(enire ofF WSS WS we 1D yOoW.

- Potenball enerqy

P =mgh For one-link

n - =g = hagnt
P= Z mig T For n-DOF links



Example -
mani pwLlaxor
l‘\

hWow 1o b6nd flhre

lcu{)rw\fafw\ for oo sPhencal

e s
dif=da*+l3

Xe

1) Find the Jacobian

sv 0 5
To - Cl 0 -Ci
' o | 0
0O O Q
-y S
T°?_ - -Si Sz —C\
Cv 0
0 0
-Gy S\
o _ "S\.S]_ -—C\
Ty Cv 0
0 0
Helpful  variables
0
2o = 0 T
| 0
OZ"OO =
ALt S
Oy -0, =
A\t S2

{ CiCz Cdv+ A
€251 (dy + de)

CiCz Cdv+ A
281 (dy =~ 0\2_)

I /C 25

or e wanipwlator

O
0
A\
0 Trans for maahon
nmatni(e §
CiCe 0]
C2 8 0
S di
0] I
CiCz itz (dy+da)
C. S Czsn(o\‘g-kdz)
S di +5L(d3fdz)
O |

S
¢

Ci(2
C2 §\

Sz}

(da+dz) | 0

| [OW [
- 0 =

| d |

o]

CiCr Cdy+ A 1
C2 5, (43-\0\1)
dl"'Sz(d‘}"'dz\
CiCr Cdv+ A
2851 (d3y ~ da)
52_((13"'42\

(da+dz)



Fl'v\(xir\f) Jv and dw -

\\]\Il = %o X (03‘00\=
W = 2, % (03-0)) =
G Cr
\\\’3 = 2L = C 8
S2
Q
Jw' = 2o * 0
|
$
\\wz = %l - Gy 0
0

i’udkif\g) it bgether vields  the jatobion

‘stl(d’S'{’oLz\
Ci1C2 (dy+dy)

o)

-, S2 (A3 +de)
- SiS1 (A t Az)
C2 (C)\z‘t dl)

3\1; =2, X (OM'O;—.\ rev.
AV'. = i lin.
JW.' 2i-\ rev.
\)w; =0 ll(\

Yws = 0
matri X

JU _ Jm dva 303 W2 need L jaco bian
) = J - be Canst Anding Klneh ¢
w JWu Jwa Jws K envgy IUOIV<S ULMV\9 velouhes
(.S, (dat da) ~C25,(dg +d2) C(q
CiC+ (d-s*olv.\ “S.$ (01'5*41,\ €26, Jv
= 0 C1Cdy +de) S
0 S 0
0 —Cu 0 Aw
| 0 v}
(entre of nossey A SSUMPH NS
1) Mass is  evenly  disiibuted  for
M-,

A

ot e :\Ol-/\'t—

ok A - thod g
WY it s in e middle

MASSCS 1 ond 2, while Z is o

poiV\f MaSS
) EO(LVJ Cor~p OSthon -
- Bedy 1 joint 1 withh

Wnk 1 artacned

RBody A+ joint & alone

Body L: jpivt 3 + attadred wnkS



2) Fl'r\o\(r\{/) e Kunehc u\crgﬂ

- We hnd e Kinebe encrqy for cah paess &cro»ra\,fcl,ﬁ,
and  add  twe Kinltc enefaies foc enChh  mass +9O g9et
the totor Xinebc enerqy.

- Singt ow example has 2 jJountS and Ahuws 3 sefarodce
masses, the total Kinhic energyy s k= Kit Ket K3,

- we colewlatt Kinehic energ Y (O €alla mesS present  oad
not dhe joinkts I links.

ToWe use tWe jalobian MOTTX  as a starkno golnk.

~ The idea s thot we colclake e Kinehc encrgy of ealn  mngss
Scporaftly and  (ompletely dgnore Flhie next na0sSSes.

%

P:'b&(v\okiV\D - Jo when (,o\\cu\od\'ng Ki  we only ook ot mosS | oand
Ywot only fgnort L Joriabley that 4o\ wit~e masseS 1 and 3.
jot s wp 1o

YWe L-dn T owhen  codlilaking Ko wt ook at massesS 1 and 2 and
eXists, Gnove  variable § twok  deal wikhh o mass L

= Tor wmasSS 3, we ook oX twe whole  rpbot.

Jou 1he jookinn mortix  relades  4ne Jelodtvy of twne end ¢ ffeckdr
10 L velouney o  hwae jouadts.

when (D\\LV\\O\'Y'V\Q W KRG inergy e fue Brst moss | e
Ol Llwmns ot se 0 O In T jacobian  becaust tney  repcient
te - EnibARIN OoF e remmining mesSes 10 twe gy of the
sYftum - Since we Wt oty e KIeRC ey 9F tue RISt mMASS,

we don't need A consi der e eHfets o tue ol MmesSeS on  twae

ki hC CV\UW ofF 4w it}ﬂ{m. e savme  9oey for e At nass
oL §O O,

Finding Ky K = e mu, T, e W T w,

S we Set all Ja\ues Yokt are (onhe el 4o mMass
1 and 3 40 0O (because woe only Lo S on MaSS 1)

S we set (olumn 7 and 3 in the jarobion to O
becauwse twew are related o MOSS 2L gnd 3.

Twig gives us -



D We W jnevhia knsor 1= O (defned wnall
N fe YosIK). Be aware Yt \, S A& Moakrix . So
since 'X's O (it wil be fllek witwh Oss.

S T ks ande angule- velocities ore

. o o 0o |[ a 0 |
VN I g g % 0-:11 =10
94 o |
q.'l Oﬁ
9 = ©
93 % .

S We put it oal rOgether o get Koo

O O
O 0
I O

© 0O

Ki= ' M,\),Tu, + 2 UU.Tan.
l o] " [o , 0]"[o 0 o 0
= Z M, 0 0 A /7. O O 0 o 0 = 0O
0 0 % 0 0 o 9
F((\diV\Q) \-/\z ; K’L = ‘/2 W\1U1_T U + |/Z UJzTT‘z w

S Wwe Set all values Yot ogre (onhe (A 4D maSS %
40 0 (because oo only foc S on  passeS 1 ond 1),

S we et (olumn 3 in tlhe jatokion 1o O
becouwse F (S related o mass 3.

TWis gives oS-

_ O 0 O (0] f‘ 0
| o o O Jw= |0 -c o
o) o O | 0 0

D We W jnevhia knsor 1,7 O wnere +oo

D Tl Unear ande ongulor- velocities ore

. O 0 O _é,. 0
SRR HE RS  FIRE
3
) 0 S\ 0 q.—l (i_-,_&,
wWeT dord T T 'CO' g 2| = | %
%3 9.,



> We putr (F al rogether Yo get Ky o

T
Ki= KL: ‘/2 V"\?.VLT\JL + l/2, Ww- T w

—r

\ 0 0 | qLS; o O o érLSl _
=53 M0 01+ [ | % 0 0 0 (| 2t |7 O
0 0 % 0 0 o %

— ) T

2 We doptt set ony wolues o 0 becomse we ort mummh'ng the
Kinchic energy for e lost mass ondk now all PRVIDUS masscs
art  (ncluded . NOTE: we also mddify) hnc JOCoLl AN S0 haok it

moktrs where cenhre of mags 'S et d on he volot.

TwWi¢ 6(\}65 (TR So siack My 1S in B maiddie \94 d7 +d1 ., we vust

/ roe bnsS int? account bY AWANDY LY 2 aS AreXS LWW®
e et &4 n~ASS iR,

J _ "'zCl S, (da+ d2) -%Csz(d?J«-o(z\ C. (7
v 'iCl('L (d-s-i-d'z_\ 'éS.S‘L (dl‘l’d-l,\ C‘LS.
0 12 CLCdH *dz\ Sa
o I s i
_ 0 IS IS be COMSL when e (cal S
».\UU - 0 -G o We BSOS o~ Wit b csu\kfr: c:{——ti:\sﬁtglng e
(n

| 0 Ve Sr R rach joint Mm&

D We wat inertia knsor 1,7 O nere +oo

S Tl Unear and ongular- veloci ties ore
“EC1 s (da+ da) ~3C28(dg +de) Co(r q}.
\}3‘\)\130"'7 'i_ClC-z_ (d3+ol1_\ 'éslsl(dl*dL\ (16, Ql
D A CL(OL's-kd-L\ S‘L 3,3
'.’z(’LS‘\(A’s*du\ ‘3,.'71_(15. (As‘tdz\QL t (e q"s
= ] RGc A+ a)d,- S 662 (A3rda) g, * (25,9,
ITLCI_(J\:;*AL\.Q\,L'\' Slé,g
Wi duyq ~ °© o © % = | %
I 0 O 9, %
> We

Put (F al {09ether +o coct K31

-
Ky= 2 myuyTug + 72wy Tsw,



Qe (Adyx A) g, - 5,62 (A3+d) g, * (25,93

. . ' T
- ‘(zS\U\'s*C\»\ 4. - (1S, (A’>*d~1\qcl tCCz 42 l
3
L Ci(d3td2Vgr t $293

Ger (At A}, - ¢ 62 (A3xda) g, % (25,93
L Cz(d:;*d-;\ﬁn_"’ Sli;

\ é,-,_S» T o O o éﬂ_si
+ /'L ?lw__(,\ 0 0 0 910,
9., 0 0 o 4,

\ . - : .
= ‘im'} ( (q.‘}-sz t qL(z(O\‘&“‘ dl)\z *QACIS‘(dg*d‘L\ - Q‘5C\C1

‘C‘LS\U\V‘C\»\ ‘5,- -Cq 8, (Aa*dz\én + (e Q; ]

+ (ﬁ,-g,(,\Sz (d~ = dz\\l =+ q; i + q\czt\(d$*dt\ - é}zsnsz (ds*'dv.\)

The total Kinebe energy is giNen by K= K, ol ST S

3) Tinding twe fotenbhal encrgy

S we use  fhe  formula - Mol o calcwlore Tue
totfnh ol entryy Kt ealhh  moss.

D We  wse 3¢ow\chrx3 LI/ VAV SO\ \ S (V' v\mbmt 0 the foiny
WWLC e mass (s cendered. .

2 g9 5 T gravifabonal constant

Finding Pl P = Mgk, Finding P2 P, = m, 9k

N
center OF
MmosS 2 - M

cenr OF

A moss | - my o "
! T
I
\/\\: ZCLI
From +the drawing we can  See From the d\rouwma we can e
that W = Y24 S0  twe that W= A\, S0 twue
potenbal wnergy 1S ) = '/'”V\lf)d' potenbal wneray 1S Py =m, qa,



Finding P3: Py = mygh,

centkr 0k mosS } - mg
- middle oL The \ength dq xdy
dL*d3 M/

: 9
B, s ——
A I S o (datdy)

2 Y = |/7_ (dz’(dj\sz

d D hy = dor Tlde t ) S,

........ ) P3=w oWy
= mbg% (d,+ 2 (dotds)s)

Now we con find Ywe 4otal potential energy)

Y = F\‘\’?'L ‘\?3 = ./lmlﬁdl T Mzso\., 4 M3 9 (d,i‘ l/?, (d‘z,‘kd‘j\SL\

4) Assembling twe  Lograngion tecm
D Now et we have  founck tue KinehiC ondl potenthial energy,
we con  asSemble fue  Lagrongoun -

= K-0 = (K\‘\\Ql*\ﬁz\‘((’\‘\?z‘k?})
\ : : , .
= 2 M, ( (4352 t 492G (dat da)) 49,025, (dy*da) - Gyica
t (42052 (dy+d2))* + g5 51Co + 9, Cd3tde) - §55, 52 (da+de))

- '/zm,%d,. - Mo Sd, - M3 3 (d, + l/Z (qu,‘td3\SL)

That 'S (¢! )

D Now we have found the lograngian ond we art one step
closer +o oteS(,vibmg the dynonic3 pf ow monipllator. Twis
wil be the twaume 04 next weeks growr Session.



Example - dynomics of o 2DOF robot

9 N
Pl /Xz - L, is & cectangWoe  Solid
\ — 2, wtth uA{fO/mLU ol_,(shﬂk,um
_J] e = wAGSS . TWiS 1S cguivalent +o
— hawing its mass  oncenivoltd
G L1 N XWhe middle  of Twue Link.

) - M S & \voir\t MASS. A pont
/"do MoSS has no  nertioe | so
1tS (nerta Xnsor is owoN)s Q.

D This means that 5 rokakignol kinehc
ran s olwoys O | S0 Yyou Aon 't Lhewe
to ca\iaart kbt all. (o, Kw, =0.).

—The (st Vink is oo rectangwlor Solidh it wniker mly  disiribute &
MmoasS M. The (nerhd  fnsor foc m; S

o o O
|, = O 0 o0
o 0 1,22

ToSK: Findk +he L&gr«nq)iaﬂ term .
1) Find T ond T3

-5 0 ¢ O
o _ - ('\ @] S\ 0
Ot - talble - Tr= Acs o) L0 L
Q O 0 |
i\@i | & | o | o
: ( o 0 O
| | B7 +20° L. r‘IO" ’ 0 Ap = 0 | 0 O
13 0 L. 0) 0 o O \ (-'),t
o 0 0 |
-9 0 G C Lz*
v
T° = A A7 = C 0 § Sila
z ‘et o | 0 L,
0 0 0 |



2) find twe Yo (oloion

)- [JUX Ju= [2e* (0,-00.) 2,7
Ju Jw=[2 0]

sl C [ o
Ju = Cil? S Jw = 0
®) 0 [

5 Covcnlote the  poranbal ande Kine b energy

O 0O

Poktnbal = P = P «P 2 = m, 9 * Wiz Hhe

Maoass \: WAGSS 2 ¢
r \ {
I J—F
L
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Tips for fwe oblig :
1) Start earui'.l.!l.
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