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Application of Newton’s Third Law of Motion  
Matter is forcefully ejected from system→ equal and opposite reaction

● ex: Recoil Gun 
○ Gun exerts force on a bullet to accelerate it
○ The gun experiences an equal and opposite force
○ The gun recoils or kicks back 



Rockets

Rockets also use a downward force to 
propel themselves off the ground.

ve = velocity relative to earth
m = the mass of the rocket
Δm = the mass of the ejected gas
Δt = time in which the gas is ejected



Additional Equations

 The final velocity of a one-stage rocket initially at rest is

where ln(m0/mr) is the natural logarithm of the ratio 
of the initial mass of the rocket (m0) to what is left (mr) 
after all of the fuel is exhausted.

(Δm / Δt) ve, in newtons, is called thrust

○ the faster the rocket burns its fuel, the greater its thrust, and the greater 
its acceleration

○ in order to maximize thrust, the mass of the rocket minus the fuel must be 
as small as possible.



Rocket’s Acceleration 
Three Major Factors (consistent with the equation for acceleration for a rocket)

➔ The greater the exhaust of velocity of gas relative to rocket,(ve) the greater 
the acceleration

➔ The faster the rockets burn its fuel, the greater its acceleration.
➔ The smaller the rocket’s mass (if all other factors are the same), the greater 

the acceleration 



Example problems 
A Saturn V’s mass at liftoff was 2.80×106 kg, its fuel-burn rate was 1.40×104 kg/s, 

and the exhaust velocity was 2.40×103 m/s. Calculate its initial acceleration.

Strategy

This problem is a straightforward application of the expression for acceleration 

because a is the unknown and all of the terms on the right side of the equation are 

given.



Solution
Substituting the given values into the equation for acceleration yields

a =(ve / m) (Δm / Δt) − g

=(2.40×103m/s) / (2.80×106kg) (1.40×104kg/s) − 9.80m/s 22.20m/s2.

Discussion

This value is fairly small, even for an initial acceleration. The acceleration does 

increase steadily as the rocket burns fuel, because m decreases while ve and 

ΔmΔt remain constant. Knowing this acceleration and the mass of the rocket, you 

can show that the thrust of the engines was 3.36×107N.



Homework Problems 
55. calculate the increase in velocity of a 4000-kg space probe that expels 350-kg of its mass at an 
exhaust velocity of 2.00 x 103 m/s. You may assume the gravitational force is negligible at the probe’s 
location.

v= v0 + ve ln(m0/m)

v-v0= (2.00 x 103 m/s) ln(4000kg/500kg)+ 4.159 x 103 m/s = 4.16 x 103 m/s



Homework Problems (cont.)
58. (a) Calculate the maximum rate at which a rocket can expel gases if its acceleration cannot exceed 
seven times that of gravity. The mass of the rocket just as it runs out of fuel is 75,000-kg, and its exhaust 
velocity is 2.40×103m/s. Assume that the acceleration of gravity is the same as on Earth’s surface. 

a =(ve / m) (Δm / Δt) − g ≤ 7 g, so

(Δm / Δt) ≤ (8gm / ve) = (8 x 10 m/s2 x 75000 kg) / 2.40 x 103 m/s = (6 x 106 / 2.4x 103) = 2.5 x 103 kg/s

(b) Why might it be necessary to limit the acceleration of a rocket?

If the rocket accelerates too quickly it could fall apart.



Homework Problems (cont.)
61. (a) A 5.00-kg squid initially at rest ejects 0.250-kg of fluid with a velocity of 10.0 m/s. What is the recoil 
velocity of the squid if the ejection is done in 0.100 s and there is a 5.00-N frictional force opposing the 
squid’s movement. (b) How much energy is lost to work done against friction?
(a) First, find 1 v' , the velocity after ejecting the fluid: 

(m1-m2)v =0= m1v1
’+ m2v2’

v1’= -m2v2’/m1→ -0.250kg(10.0m/s)/ 4.75kg= -.526 m/s

(b) Now, the frictional force slows the squid over the 0.100 s



Homework Problems (cont.)
Ft=Δ(mv) 

V’1,f= FT/Δm-V1’

V’1,f= (5.00Nx.100s)/4.75kg)-(.526m/s)

V’1,f=-.421m/s

(B) ΔKE= ½ MV2 → ½ m1(vf
2-vI

2)

½(4.75kg)[(.421m/s)2 - (.526m/s)2]= -0.236 J



Homework Problems (cont.)
64. Consider an artillery projectile striking armor plating. Construct a problem in which you find the force 
exerted by the projectile on the plate. Among the things to be considered are the mass and speed of the 
projectile as well as the distance.

The question is asking for a problem with thrust. F = (m / Δt) ve

Imagine a projectile with a mass of 17 kg travelling 10 meters with a velocity of 6 m/s. With what force will 
it strike the armor plating? Air resistance is negligible.

F = (m / t ) v t = d/v
F = (17kg / 2.83s) t = 17/6
F = 6N t = 2.83s



Examine the balloon on the string. How does it reflect rockets?

Lab-Based



Video

Start at 1:10

http://www.youtube.com/watch?v=_FtI0pl7Fss


Thank You


