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Chapter 12 Kinematics of a particle

12.2 Rectilinear kinematics

v =
ds

dt
(1)

a =
dv

dt
(2)

Velocity as function of time:
ac : constant acceleration∫

dv =

∫
acdt (3)

Position as function of time:∫
ds =

∫
(v0 + act)dt (4)

Velocity as a function of position:∫
vdv =

∫
acds (5)

Figure 1: Exercise of section 12.2

12.7 Curvilinear motion: Normal an Tangential components

an =
v2

ρ
(6)
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Figure 2: Exercise of section 12.7

12.8 Curvilinear motion: Cylindrical components

v = υrur + υθuθ (7)

vr = ṙ (8)

vθ = rθ̇ (9)

ar = r̈ − rθ̇2 (10)

aθ = rθ̈ + 2ṙθ̇ (11)
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Figure 3: Exercise of section 12.8

12.10 Relative motion of two particles using translating axes

rB = rA + rB/A (12)

vB = vA + vB/A (13)

aB = aA + aB/A (14)
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Figure 4: Exercise of section 12.10
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Chapter 13 Kinematics of a particle: Force and Acceleration

13.4 Equations of Motion: Rectangular Coordinates∑
Fx = max (15)∑
Fy = may (16)

Figure 5: Exercise of section 13.4

13.5 Equations of Motion: Normal and Tangential axes∑
Fn = man (17)∑
Ft = mat (18)∑

Fr = m(r̈ − rθ̇2) (19)
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∑
Fθ = m(rθ̈ + 2ṙθ̇) (20)

Figure 6: Exercise of section 13.5

Chapter 14 Kinematics of a particle: Work and Energy

14.1 The work of a Force

W =

∫
Fdr =

∫
F cos θds (21)

Work of a spring:

Ws =

∫
Fsds =

∫
−ksds = −1

2
ks2 + C (22)

14.2 Principle of Work and Energy∑∫
Ftds =

∫
mvdv (23)

T1 +
∑

U1−2 = T2 (24)
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Figure 7: Exercise of section 14.3

14.4 Power and Efficiency

P =
dW

dt
(25)

ε =
power output

power input
(26)

Figure 8: Exercise of section 14.4
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Figure 9: Exercise of section 14.6

Chapter 15 Kinematics of a particle: Impulse and Momentum

15.1 Principle of linear Impulse and Momentum∑∫
Fdt = m

∫
dv (27)

m~v1 +
∑∫

~Fdt = m~v2 (28)

15.2 Principle of linear Impulse and Momentum for a system of particles∑
m(~vi)1 +

∑∫
~Fidt =

∑
m(~vi)2 (29)
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Figure 10: Exercise of section 15.2
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Figure 11: Exercise of section 15.3

15.4 Impact

ma(va)1 +mb(vb)1 = ma(va)2 +mb(vb)2 (30)

e =
(vb)2 − (va)2
(va)1 − (vb)1

(31)
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Figure 12: Exercise of section 15.4

15.7 Principle of Angular Impulse and Momentum∫
Mdt =

∫
(r × F )dt (32)

(r ×mv)1 +
∑∫

MOdt = (r ×mv)2 (33)
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Figure 13: Exercise of section 15.7

Chapter 16 Planar kinematics of a Rigid Body

16.3 Rotation about a fixed axis

ω =
dθ

dt
(34)

α =
dω

dt
(35)

Constant Angular Acceleration:

ω = ω0 + αct (36)

θ = θ0 + ω0t+
1

2
αct

2 (37)

θ = θ0 + ω0t+
1

2
αct

2 (38)

Acceleration:

at = αr (39)

an = ω2r (40)

a = at + an = α× r − ω2r (41)
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Figure 14: Exercise of section 16.3
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Figure 15: Exercise of section 16.4

16.5 Relative motion analysis: Velocity

vb = va + vb/a (42)

~vb = ~va + ~ω × ~rb/a (43)

~rb/a =| r | · ~AB (44)
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Figure 16: Exercise of section 16.5

16.6 Instantaneous center of zero velocity

To locate the IC we can use the fact that the velocity of a point on the body is always perpendicular to the
relative position vector directed from the IC to the point.
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Figure 17: Exercise of section 16.6

16.7 Relative motion analysis: Acceleration

ab = aa + (ab/a)t + (ab/a)n (45)

~ab = ~aa + α× ~rb/a − ω2 · ~rb/a (46)
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Figure 18: Exercise of section 16.7

17 Planar kinematics of a rigid body: Force and Acceleration

17.1 Mass moment of inertia

I = IG +md2 (47)
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17.3 Equation of motion: Translation

Rectilinear Translation:∑
Fx = m(aG)x (48)∑
Fy = m(aG)y (49)∑
MG = 0 (50)

Curvilinear Translation:∑
Fn = m(aG)n (51)∑
Ft = m(aG)t (52)∑
MG = 0 (53)

Figure 19: Exercise of section 17.3

17.4 Equation of motion: Rotation about fixed axis∑
Fn = m(aG)n = mω2rG (54)∑
Ft = m(aG)t = mαrG (55)∑

MG = IGα (56)

20



Figure 20: Exercise of section 17.4

17.5 Equation of motion: General plane of motion∑
Fx = m(aG)x (57)∑
Fy = m(aG)y (58)∑
MG = IGα (59)∑

MP =
∑

(Mk)P = IGα+ (maG)dG/P (60)∑
MIC = IICα (61)
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Figure 21: Exercise of section 17.5

Chapter 18 Planar Kinetics of a Rigid Body: Work and Energy

18.1 Kinetic Energy

Translation:

T =
1

2
mv2G (62)

Rotation about a fixed axis:

T =
1

2
mv2G +

1

2
IGω

2 (63)

T =
1

2
IOω

2 (64)

General plane motion:

T =
1

2
IICω

2 (65)

18.2 The work of a force

W =

∫
Fdr =

∫
F cos θds (66)
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Work of a spring:

Ws =

∫
Fsds =

∫
−ksds = −1

2
ks2 + C (67)

18.2 The work of a couple moment

UM =

∫
Mdθ (68)

18.4 Principle of work and energy

T1 +
∑

U1−2 = T2 (69)
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Figure 22: Exercise of section 18.4
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Figure 23: Exercise of section 18.5

Chapter 19 Planar kinetics of a rigid body: Impulse and Momentum

19.2 Principle of Impulse and Momentum

m(vGx)1 +
∑∫

Fxdt = m(vGx)2 (70)

m(vGy)1 +
∑∫

Fydt = m(vGy)2 (71)

IGω1 +
∑∫

MGdt = IGω2 (72)
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Figure 24: Exercise of section 19.2

19.3 Conservation of Momentum

Linear momentum:

(
∑

syst.linear.momentum)1 = (
∑

syst.linear.momentum)2 (73)

Angular Momentum:

(
∑

syst.angular.momentum)O1 = (
∑

syst.angular.momentum)O2 (74)
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Figure 25: Exercise of section 19.3
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