s 0t a
“smace walk' A cable tethers hum to the Shatle, To
return to the craft he pulls on thetether. This zives

Fhe asteonant shown m Fioone |

himn some momentumm towards the spacecrefl, and
e moves cently back o001,

Whese does thes momentun come from™ Has it been
created out of nothing? The astronaut gives himself
mrimenlum nwards the h]]:l:-:.‘l‘_"l_'l‘-'drl.%_'-‘ [LizEing o The
tether, At the same time, his tug pulls on the spacecrali
andl auses it 1o accelerate towards him. The spacecrufl
Edins moamenigm wesEnds e asironaul These fwio
msrnenls mmust be equaland opposite, s that ther
sumn 15 wery dherwise the astronsul really will have
created momentum out of nothing. The astronaut has a
siadl mass and meves relatvely quickly owands the
spacecrufl. The spacecraft’s mass is much greater, and
sovabs vielocily must be moch simalier

Here 15 another momentum problem for an
astronaut, Suppose he s working with tools on the
outside of the craft. and then realises that his tether
has snopped. How can he get back to the crafi?

He wants to have some momentum towards the
spacecrall, 5o be must oreate some mamentin
awiry [rom it as well. The solution 15 1o throw one
of his tools out inte space. 11 has momentum away

SAG

7 An astronaut of mass [00kg is adnlt in space.
He o5 1 00Fm from his spacecrafis To get back, he
throws o spanner of mass | 0kg directly away
from the craft at a speed of 5.0ms "'

X a Explain why he moves hack towards

the spacecrall.
'V"/ b Caleulate b lomg iwowill ke

him to reach the spacecrall.

A bl of miass (030 kg s fhinown at-a wall
It strikes the wall with a speed of 1.3 ms '
perpendicular to the wall and boamces off the
wall with o speed of 1.2ms !

Explain the chasmges in momentum and energy
which happen in the collision bepween the ball
and the wall. Give numesscal

values whers possible;

Figure 1,13 Astronauts ofien carry out 'space walks',
when they leave the shuttle o work outside. They
have a tether so that they don’t drift off mio space.

from the spacecraft, so he has momentum Lowards
the spacecrafl.

Fortunately, astronauts now usually wear
backpacks with *Manned Manoeuvring Units’
sttached. These are rocket-powered units which
allow the astronaut to move around. The rocket
hlasts a je1 of gas into space: this gives the
astronaut momentum in-the opposite direciion,

Explosions and crash-landings
The rockets shown 1o Figure |
sky. As they start to fall, they send oul showers of

chemical packages. each of which explodes 1o produce

4 rrse hagh i the

a brilliant sphere of burning chermcals, Material fhes

osul in all directions to create a spectacalar effect,
Dicsss an explosion ereate momentum out of nothng™

['he impostant point 1o note here is that the barning

material spreads out egually in all directions. Each

tiny spark has momentum, but for every spark, thers

i another mioving i the opposite direction, Le, with
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gueaniity, the total mmount of momentumn created is 2ero.
At the same time, kinetic enerey is created moan

explosion. Burning matenal flies outwards; 1ts kinetic

enerey has come from the chemical polential energy

stored 10 the chemical materals before they burn.




