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Power The power of a force F acting on a particle with velocity v is defined
to be

P = F · v (1)

which has units of N· m/s = Watt in SI.

Work The work of a force F over the interval [tA, tB] is the integral of the
power over that interval

WF,AB =

∫ tB

tA

F · vdt =
∫ rB

rA

F · dr (2)

where rA = r(tA) and rB = r(tB). Notice that is the the angle between
the force and the displacement vector is acute, then the work of the force is
positive. A force is workless if it is perpendicular to the velocity/displacement
of the particle.

Kinetic Energy Define the kinetic energy of a particle to be

T =
1

2
mv · v. (3)

The work energy theorem for a particle The work energy theorem for a par-
ticle is obtained by dotting the balance of linear momentum with dr and
integrating it to obtain

TB − TA = WF,AB. (4)

Conservative Forces A conservative force Fc is such that

WFc,AB = −(UB − UA) (5)

where U is called the potential energy function.

Examples of conservative forces include

• any constant force C with U = −c · r,
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• the gravitational force FG = G Mem
(Re+h)2

(−er) with U = −GMem
r

, and

• the spring force Fs = −Kε r−rA
||r−rA|| with U = 1

2
Kε2. The spring stretch

ε = ||r− rA|| − ℓ0.

The tension, friction, and normal are examples of nonconservative forces,
Fnc.

We can rewrite the work energy theorem as

(TB + UB)− (TA + UA) = WFnc,AB. (6)

Conservation of energy Thus, if all the forces doing work on the system are
conservative, then the energy of the system E = T + U is conserved. Here,
U is the total potential energy of the system.

These problems are taken from J. L. Meriam, L. G. Kraige, and J. N. Bolton
(MKB), Engineering Mechanics: Dynamics, Ninth Edition, Wiley, New York,
2018.
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1. [MKB 03-028] During its motion, the only force acting on the spacecraft
is the gravitational force. Hence, all the forces doing work on the satellite
are conservative, so the energy of the spacecraft is conserved. Use the con-
servation of energy to solve this problem. Refer to table D/2 copied at the
end of this booklet for the necessary numerical values.

2. [MKB 03-080]
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3. [MKB 03-084]

4. [03-094]
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5. [03-101]

6. [03-263]
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