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; Key Idea nez

CUBE

wWhen a rocket expels exhanst aases at high velocity, i+
gets propelled n the opposite direction.

Conservation of Linear Womentum in Rockets: 4 ¥ e :

« The law applies +o a system of masses, such as a Rocket - Exhaust Gas System
rocket and its exhaunst gases.

* As the rocket burvus fuel, its mass decreases and
converts info exhanst gases

Womentum before = Momentum after
mv = (m-Am) (Vv +AV) + Am (v - )
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e Thrust Equation

Twitial momentum = Final momentum

mv = (m-Am) (V+AV) +Am (v - n)

M:M+mA\/—Am\/—AVﬂAV/AV”V/AV”“

m AV =u Am (1) Dividing both sides by At

m (Av [ At) = u (Awm [ At)

w (dv [ dt) = u (dwm [ d+) wmfinitesimally small Av, A+ & Am
ma=u(dm/ dt) (2) (dv/d+) is acceleration
Tr=uR 15t Rocket equation

T£=Thrust Force
R = The rate at which gases are emitted (dm/dt)
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~ Velocities are measured
with Barth as the
reference frame
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d Acceleration
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ma=Tfr=nR

T£ = Thrust Force
R = is the rate at which gases are emitted (dm/dt)

+
A V +AV
Thrust is proportioval to the relative speed u W - Am)
of the ejected fuel and the mass of fuel ejected éah
per unit time, Mlv Awm

A powerful rocket, burns fuel at a rapid rate g
(lm@@? or dm/dt+) and ejects exhanst nases at a
high relative speed (u).
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Wisconception: Tf thrust is constant, acceleration should also
be constant

While +he thrust is constant, the rocket's acceleration increases
becanse the rocket's mass is decreasing.

a=u (dm [dt) From (eq. 2.) Slide 2
1

Rockets do vot push against the ground +o rise; T+ is the law

Misconception: Rockets push agaivst the ground +o rise @
- 4

conservation of momentum. That 1s, gases eject v ove direction,
therefore to preserve momentum, rocket moves v the other.,

Rockets work wore efficiently in outer space where there is
nothing to push against
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8 THE Z r
cguation T

m dv = u dm From (eq.1) Slide 2
dN=u(/wm) (-dm)

V m
Jav=-af (/] wm)dm
Vo Mo

-
Koustantin Tsiolkovsky (1257 - 1435), Russian
rocket scientist who ploneered astronantics

V - Vo = -t u(m [ mg) or

Engineers try to maximize the

_ ratio mo [ w for max. velocity
V-Vo= IW(VMO / W\) goin (LHS of the equation)

Vi velocity at some time + when the mass is m
Vo: mitial velocity when +he mass is mg

u: velocity of the exhaust gases relative to
the rocket
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/O illustration deit

If a rocket has an iitial mass (o) of 1000 kg and final mass (m) of 500 kg, with an exnaust
velocity (n) of 2000 w/s, calenlate the change Tn velocity.

Calenlation:

Givew: o = 1000 kg, w = 500 kay, = 2000 /s

Using the second rocket eduation: v - Vo =t u(mg [ w)
V - Vo = 2000 M(1000 / 500)

V - Vo = 2000 (2)

V - Vo & 2000 * 0.642

V- Vo & 13506 m/s

The rocket's velocity increases by approximately 1386 w/s due +to the fuel burning and exhanst
9as expulsion,
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