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Linear impulse - linear momentum equation Integrating the balance of linear
momentum with respect to time yields the linear impulse - linear momentum
equation ∫ tB

tA

Fdt = GB −GA, (1)

where
∫ tB
tA

Fdt is termed the linear impulse of a force F. Here, GA = G(tA)

and GB = G(tB).

Conservation of linear momentum If F = 0, then the linear momentum of
the system is conserved GA = GB. The linear momentum is conserved in
a certain unit direction c only if F · c + G · ċ = 0. If c is a constant, this
expression simplifies to F · c = 0.

Angular momentum of a particle The angular momentum of a particle about
the fixed origin O is defined to be

HO = r×mv. (2)

Moment The moment of a force F applied at point A about point P is the
position vector from P to a point on the line of action of F crossed with F

MP = (rA − rP )× F. (3)

Balance of angular momentum of a particle Crossing r with the balance of
linear momentum equation, we obtain the balance of angular momentum
equation for a particle

MO = ḢO. (4)

Conservation of angular momentum If MO = O, then the angular momen-

tum of the system about point O, HO, is conserved. The linear momentum
is conserved in a certain unit direction c only if MO · c+HO · ċ = 0. If c is
a constant, this expression simplifies to MO · c = 0.

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 03-149] This problem is a straightforward application of the Linear
Impulse - Linear Momentum equation.

2. [MKB 03-159] All you need to know from the previous problem is that the
block is is subjected to the time-varying horizontal force whose magnitude P
is shown in the plot. Note that the force is zero for all times greater than 3
s.
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3. [MKB 03-161] You are going to use Newton’s third law in this problem.
Remember from math that

∫ xB

xA
f(x)dx = Faverage(xB − xA).

4. [03-167]
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5. [03-177] This is a quintessential central force problem. What quantities
of this system are conserved? Refer to table D2 at the end of this document
for the radius of the earth.

6. [03-181]
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7. [03-185]

8. [03-192] To avoid confusion label r in the figureR and the angle θ requested
in the solution as β.

Step 1. Choose the origin O to be at the bottom of the funnel and setup the
cylinderical-polar coordinate system. Derive v but not a, we will not need
it as we will solve the problem by exploiting conservations. The particle is
constrained to move on a surface of revolution given by z2+(r−1.15R)2 = R2.
A time derivative of this expression yields zż + ṙ (r − 1.15R) = 0.

Step 2. Draw a free-body diagram of the particle. Express the normal force
as N = Nn, where n is a unit direction normal to the surface of revolution.
In theory, n could be computed from a gradient of z2 + (r − 1.15R)2 = R2,
but you don’t need to do that here. You only need to note that N has er
and Ez components.

Step 3. In Step III, prove a conservation on the total mechanical energy E
and a conservation of Ez components of the angular momentum HO. You
will need to refer to your FBD to identify these conserved quantities.

Step 4. Calculate the numerical values of E and and HO ·Ex using the initial
conditions and complete your analysis.
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