


VIRIAL Tum

G- =3.io?.ridFt--gFiritqp-i.r
,-

ii. ri.
-

2T
- Emv

¥1.95:
. ?)=ztt ? Fiori

TIME AVERAGE

IS?fd⇒dt=d¥⇒FtEFI
zttq.IT ,

= # ftp.EKD
IF motion is PERIODIC OR IF

SYSTEM IS BOUNDED THEN

AG = FINITE , I →D
-

F = - Iz ? E.T;
VIRIAL

TH M



-

IF E= - EVE) :F='zqj.v.ro
CASTE : SINGLE PARTICLE IN

CENTRAL V = Vtr)

F- ZIT
2r

IF f- arm
't

:
2V

Jrr=lnt1)V
HARMONIC OSCILLATOR n = I

- -

T -- IV
-

GRAVITY n=
- Z F = - IV

ESCAPE VELOCITY =fz CIRCULAR
VELOCITY

DETERMINE MASSES OF

GALAXIES IN CLUSTERS



ORBIT EQ ( use m
,
not µ)

FIND r Lo) 1st
,

rut
,
OHS later

f- me DF dat = mtfzdd
mdk
da¥ = fer)

Edda# Fo) -⇐ firs

u -- Yr f = -Z =- DIY
dye . f- -III. = off

Erf.tn#oI=Eifof4-iIoD---tIhIo
.



-

÷. - E'HEE
did + u =

-

I. date )
SYMMETRIC FOR IO

CHOOSE 0=0 AT A TURNING point

THEN U
.

-_ Ufo)
(r is MAX or min)

du

Foto -_ o

dt-dr-ELE-v-E.DK
do = frat
0=0

.

-gj.du-IE.IE-v) - og
"



ntl

✓ = ar n =L
,
-2
,
-3 TRIG Fns

Hof ,
n
- 5

, 3,0 . .
. 7

ELLIPTICAL

FNS

CLOSED ORBITS ?

SMALL PERTURBATIONS

U=U
.

tacos@ O)
⇒ CONSTRAINT ON B

B RATIONAL ⇒ CLOSED

BIG PERTURBATIONS

ONLY learnt
' n =L Ho

n= - Z G-

CLOSED



GRAVITY f = - lyre ✓ = - KG

0=0
'

- gudu-u.czinto - od
"

look it up

SII.at" -- Enos't.IT)
g = B - 428

- = 2¥ B
-

- 2¥ 2=-1

F- FITCH ZITI )
a- o

'
- cost

÷ -- o -- NEH -ifeehfjaeslo - o'D
D-

'

= TURNING ANGLE



CONIC WITH ONE focus ⑨

ORIGIN

⇐ = cfteecosto - o'D
ECCENTRICITY E = ( It 2mE÷]%

E
,÷: it:"

PARABOLA
- E3Eso ⇒ e< I

E =
- MIZ

ELLIPSE
- Ey

⇒ e=o

212 CIRCLE

CIRCULAR ORBIT E = Tx V

f : :a÷÷÷÷÷:÷÷.
E = - Mk

'

The



a -_ semimajor axis
I.ae#--Izlr,trz) €µ

⑨ r
, ,rz:r"=o f f

( sun)
E -- fire - Kr r

,
-_ perihelion

r 't ter - I
rz -_ aphelion

=D
Zonk

ri ,z=
- ¥e±F÷+4e%I

" l > O

-
E - O

2

If ,
trz) = - ¥E=a

INDEPENDENT

OF l

e =L I - Honka ]
"
for oses I

r =
all - ez )

aso -=/

-

Eor -- act -e)
It ewes (O - O

' ) - I r
-

- acte)



"÷i÷÷÷:
O V

@
MAX AT

F=V+ Vod PERIHELION

⑨TURNING V
@
MIN AT

POINTS APHELION

-

I' I''Es:s÷d÷eI'
=¥s:c!÷o#

CAN GET Hr)
,
Ho)

.

UGLY

INVERT TO GET rcts
,
@ (t )

REALLY UGLY



CASE e=1 PARABOLA

( CHOOSE O'=o) I + Loso =tzcosE
+ =f÷ tasted
seio-asox-tanolzdx-tzse.EEdo

+ -- E. I"%ex5dx

tttana-co50-s.in#co5ot--fI.LtanEetztan'%)
- ITS Ost
a T
- * state



case est ELLIPSE

DEFINE 4 : r=a( I - e cost)

PERIHELION = a(I-e
4--0=0 ( + ecoso

APHELION

4=0 FIT

+ =F¥[
"

u - east)d4

FOR 4=2 IT 4=2#ask ← /

T - as
K -
-

FM.am/=M.oMM.otMNq=M.OtMMJupiTER -3
-

-= 10
C- M①


