
-

✗Ith)=h (given)
✗a Hh )

• We need to find out, at which time th the
particle is at height Xz (th )=h .

• Then we can find ×
,
(th) , and use ×

,
(th) and Xzltn )

to find the angle p .

• First
,
let us compute ×, (t) and ✗< (t) . We do this

by twice integrating Ii , Ez with respect to time.

• Let's first find ✗nlt) :

x; = 0 , in (o)
=

Vo • cos (x)
t

• •

⇒ xilt) = idol + { Hdt = Vo . cos (a)

Xi= vocos (a) , ✗161--0t
⇒ ✗It) = ✗do) + findt = Vo . cos (a) •to



And now equally for Xzlt )

= - g ,
Iz lo)= vosinlx)

t

⇒ iz = idol + { iidt = v.sink) - gt

Xi = Vosinlxl - gt , Xzlo)=h

⇒ ✗2=410) + zdt-htvosi.nl)t - IgE
• Now we know Xz (t) , we can find the time th , at
which then particle hits the plane
✗It = th) = h

h + rosinWth - 1zgth2=h I -h 1 : th
rosin (a) - { gth = 0 / + { gth I • 2 1 : g

th = 2v◦sig
• Now we can find ×

,
It -_th )

✗it __th ) = v. cos (a) . 2v◦gN= 2visingNco
• Now we can find B using geometry :

,

_

-

g
-

p
-

-

-

h

p = anctan µµ ✗it -_th )

= and-anlzv.z.in?h&



a) an depends on r , not on t , that's why we
have to use a little trick :

ar=¥=¥÷i=¥¥=÷.v
Now we can plug ar = -g¥2 into this :

R2
⇒ - gI

= d¥ . v 1. dr (This is essentially
separation of variables )

R2 .

-

gF. dn
= v. dv

Now we can integrate both sides, note the integration
bounds :



⇒ -get §# dr = [ vdv ft dr = - f
Vo

⇒ -griff - f) = { (v2- v8 )
note

¥5m ?

t.gr#-)--1lv2-Uo4Vo2+2gR(-R-)--v2--7v(r)vo2-2gRR--Mt
b) ✓ (r) needs to be > 0 for r→ 00

,
so we can

ensure the satellite always moves away from earth

differentvlr-ookimvi-2g.IE/FEf-)Mk %
'

r→ do the result

from a)
' =V◦2_2gRM ¥ 0

=> Vo > 2gRM



Hints for the Homework

Problem 3

a) Remember how I and a- are defined in a polar frame
.

b) Integrate ¢ to find y , then
solve for

the and use the) in r A)

c) same as a) ,
use definition

Problem 4

• Express the distance travelled as a function
of 9

• Use ✓ = É = const .

• nttanyxkc.IE


