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Table 8
Engineering Topics Mathematics and Science Pre-requisite Completion Chart for the Subject of Statics
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math Physics Sec [ Ch
Chapter 1: Introduction
1.1: What Is Mechanics? [coordinate system] (M4G3) &> 4™ (2B) [force] (S4P3) > 4™ (3A) or o [ o
1.2: Fundamental Concepts and Principles [measurement: time] (M2M2) > 2" (2C) (S8P3) > 8" (3C)
I - m,m, [Parallelogram Law for the Addition of [Newton’s 1%, 2" and 3" Laws] (SP1) = 9" (3C)
d=—=F=md Fp=-F, F=G—5 Force/Vector Graphics] (MA3A10) > 11" (2H) [acceleration] (S8P3) - 8th (3C)
-> To be taught as a special math topic [Newton’s Law of Gravitation] (S8P5) - 8™ (3C)
[scientific inquiry] (S7CS9) >7" (3B)
1.3: Systems of Units [unit conversion] (M6M1) > 6™ (2C) N/A 6"
1.4: Conversion from One System of Units to Another
1.5: Method of Problem Solution [problem-solving] (M3N5) > 3™ (2A) N/A 3"
1.6: Numerical Accuracy [percent] (M5N5) > 5™ (2A) N/A 50
Chapter 2: Statics of Particles
2.1: Introduction [four operations] (M1N3) > 1% (2A) + [force] (S4P3) > 4™ (3A) 4n | ol
Forces in a Plane (M2N3) > 2™ (1A), or (M7N1) > 7" (2A)
2.2: Force on a Particle. Resultant of Two Forces [coordinate system] (M4G3) > 4" (2B)
2.3: Vectors [vector graphics] (MA3A10) > 9" (2H) [force] (S4P3) > 4™ (3A) or gm
2.4: Addition of Vectors -> To be taught as a special math topic (S8P3) > 8" (3C)
2.5: Resultant of Several Concurrent Forces
2.6: Resolution of a Force into Components [vector graphics] (MA3A10) > 9™ (2H) [force] (S4P3) > 4™ (3A) or om
2.7: Rectangular Components of a Force. Unit Vectors [trigonometric functions] (MA2G2) > 9" (2F) (S8P3) > 8" (3C)
2.8: Addition of Forces by Summing x and y Components [four operations] (M1IN3) > 1% (2A) + [force] (S4P3) > 4™ (3A) or gm
F=Fi+Fj F,=Fcoso (M2N3) > 2" (2A), or (M7N1) > 7" (2A) (S8P3) > 8" (3C)
F [square root] (M8N1) > 8" (2A)
Fy=Fsing tane=-* F=y Fl+F/ [trigonometric functions] (MA2G2) > 10" (2F)
” -> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)
2.9: Equilibrium of a Particle [summation] (MA1A3) > 9™ (2E) [force] (S4P3) > 4™ (2A) or om
R=)F=F+F+.=0 = R=)>F=0 R =)F=0 [four operations] (MIN3) > 1% (2A) + (S8P3) > 8" (2C)
R =3F =0 (M2N3) > 2" (1A), or (M7N1) > 7" (2A)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 2: Statics of Particles (Continued)
2.10: Newton's First Law of Motion [four operations] (MIN3) > 1% (2A) + [Newton’s 1%, 2@ and 3 Laws] (SP1) > 9™ (3C) [ 9™ [ 9"
2.11: Problems Involving the Equilibrium of a Particle. (M2N3) > 2" (1A), or (M7N1) > 7" (2A) [acceleration] (S8P3) = 8th (3C)
Free-Body Diagrams
Forces in Space [four operations] (M1N3) > 1% (2A) + [force] (S4P3) > 4™ (3A) or om

2.12: Rectangular Components of a Force in Space
F,=Fcosd, F,=Fsing,
F,=F,cosg=Fsing cosg¢ F,=F,sing=Fsind sing

F?=F,+F =F +F,+F, —» F=F +F +F,

F,=Fcosd, F,=Fcosd, F,=Fcosd, (0"<@,,, <180
F=Fi+F,j+Fk
F= F(cos&xf+cosey i+cos€zlz)
F, d R
cos&x:i:d—*:& cosf, = =—"F=—" c0591:5:$:&
F d R F d R F d R
-1 FX(y 2) -1 dX(y z) 2 2 2
Oy(y.2) = COS =08 = F=|F +F +F
‘ F d
R - R . -~ F . Lod, A
A =c0s6,i +cosb, ] +cos,k /1:5 |:CLX j=—=L k:d—Z
F d d d

cos’ 6, +c0s’ O, +cos’ 0, =1 — A +Ax+2=1

(M2N3) > 2" (1A), or (M7N1) > 7" (2A)
[square root] (M8N1) > 8" (2A)
[trigonometric functions] (MA2G2) > 10" (2F)
—> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)

(S8P3) > 8" (3C)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 2: Statics of Particles (Continued)
2.13: Force Defined by Its Magnitude and Two Points on [four operations] (M1IN3) - 1% (2A) + [force] (S4P3) > 4™ (2A) or (s8P3) > 8" (3c) | 9" [ 9"
Its Line of Action (M2N3) > 2" (1A), or (M7N1) > 7" (2A) [Newton’s 1%, 2" and 3" Laws] (SP1) > 9" (3C)
MN =di+d,j+dK [square root] (M8N1) > 8" (1A)
[trigonometric functions] (MA2G2) > 10" (2F)
5_MN (d Ped,j+dK) - To be taught as a special math topic
MN " d [coordinate system] (M4G3) > 4" (2B)
dx(y,z) = X(yr Z)2 - X(yr Z)l d= A\ df +d5 Jrdz2
F- Fi:%(dfﬂdjﬂdfl?)
g _Fd, _ _Fd, _ _Fd,
o d Yo d ‘d
2.14: Addition of Concurrent Forces in Space [four operations] (MIN3) = 1% (2A) + [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) | 9"
R=YF R= m (M2N3) > 2" (1A), or (M7N1) > 7" (2A) [Newton’s 1%, 2" and 3" Laws] (SP1) > 9" (3C)
A [square root] (M8N1) > 8" (2A)
R +R j+ R, k= (ZF )l (ZF +(ZF1 )k [trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)
2.15: Equilibrium of a Particle in Space [coordinate system] (M4G3) > t4‘h (2B) [force] (S4P3) > 4™ (2A) or (s8P3) > 8" (3C) | 9"
four operations] (M1IN3) > 1% (2A) + Newton’s 1%, 2" and 3" Laws] (SP1) > 9" (3C
R=2F=F+FK+.=0 > R=3F=0 R =3F =0 R=3F=0 (M[2N3)§2”d (1A]),(or (M;Nl) —>(7‘h)(2A) [ 1P O
a b c| |x| jax+by+cz| |a b ¢l |[R| |0 [linear algebra](MA2AG6) (MA2A7)
{d e nyde+ey+ fz} {d e H H (MA2A8) (MA2A9) > 10" (2G)
g h i]|z] [gx+hy+iz i][R] [0 -> To be taught as a special math topic
R,=2F.=0 aF +bF,+cF,=0 [a b c] [F] [aF,+bF,+cF,
R,=D>'F,=0 dF+eF,+fF,=0 |d e f|x|F,|=|dF +eF,+fF,
Rz:zezo gF, +hF,+iF,=0 |g h i F, gF, +hF, +iF;
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Table 8 (Continued).

61

Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas

Chapter 3: Rigid Bodies - Equivalent Systems of Forces

3.1: Introduction

3.2: External and Internal Forces

3.3: Principle of Transmissibility. Equivalent Forces

3.4: Vector Product of Two Vectors

PxQ V=PQsing V.LP V1Q V LPlane,
x(G,+Q,)=PxG,+PxQ, (PxQ)xS=Px(@x§)
GxP=—(FxG) GxP=PxQ PxQG=-V
G,+Q,)=PxG,+PxQ, GxP=PxQ

xP=—(FxQ) PxG=V V=PxG (PxQ)xS~=Px(3x$)

<o <o <
1]

Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
[four operations] (MIN3) > 1% (2A) + [force] (S4P3) > 4™ (3A) R
(M2N3) > 2" (2A) [motion] (SKP2) = K (3A)
[geometry: point, axis/line, 3D body]
(M6G1) (M6G2) (M6M3) > 6" (2B)
[trigonometric functions] (MA2G2) > 10™ (2F) [force] (S4P3) > 4™ (3A) om
—> To be taught as a special math topic [motion] (SKP2) > K (3A)
[special math: vector product or cross product]
-> To be taught as a special math topic
gth

Q
.5: Vector Products Expressed in Terms of Rectangular

- = O W
)
3
°
e)
=]
@D
S
=
w

VX = PyQZ - PZQy Vy = _(PxQz - PZQX) = PzQx - PxQz
V, =PQ, -PQ,

[trigonometric functions] (MA2G2) > 10" (2F)
[special math: vector product or cross product]
- To be taught as a special math topic
[special math: scalar product]

-> To be taught as a special math topic

[force] (S4P3) > 4™ (3A)
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Table 8 (Continued).
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Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)
3.6: Moment of a Force about a Point [four operations] [force] (S4P3) > 4" (3A) 9" 9"
M,=FxF M,=rFsing=Fd (MIN3) > 1* (1A) + (M2N3) > 2" (2A)
S 0oA _ = [geometry: point, axis/line, 3D body]
F=Voion 0=pe dLF (M6G1) (M6G2) (M6M3) -> 6™ (2B)
ik [special math: vector product or cross product]
,=FxF=|x y 1z|= fo+My]+Mz|2 - To be taught as a special math topic
F F E [special math: scalar product]
ooyt -> To be taught as a special math topic
M, =YF,—2F, M, =—(xF,—zF)=2F —xF, M, =xF —yF, [linear algebra](MA2A6) (MA2A7)
(MA2A8) (MA2A9) > 10" (2G)
-> To be taught as a special math topic
3.7: Varignon's Theorem [Slt‘our operations] . [force] (S4P3) > 4™ (3A) CH
= (E L E CFvFE L7 F (MIN3) 2> 17 (1A) + (M2N3) - 2™ (2A)
Fx (Fl +F )_ PxF+ TP+ [special math: vector product or cross product]
-> To be taught as a special math topic
[special math: scalar product]
-> To be taught as a special math topic
3.8: Rectangular Components of the Moment of a Force [four operations] [force] (S4P3) > 4™ (3A) Cl
3 i Q (MIN3) > 1% (1A) + (M2N3) > 2" (2A)
R R [special math: vector product or cross product]
Mg =TyexF=Xas Yas Zas - To be taught as a special math topic
F, F, F,
Fare = Xasl + Yars )+ ZaseK
Xag =Xa=Xg Yas=Ya—Ye Zas=Zan—Zs
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)
3.9: Scalar Product of Two Vectors [four operations] [force] (S4P3) > 4" (3A) 9" 9"
PeQ=PQcosd=PQ, +PQ, +PQ, 0=/; (M1IN3) > 1% (1A) + (M2N3) > 2™ (2A)
oy o [special math: scalar product]
PeQ=QeP P -(Q1 +Q2)= PeQ,+PeQ, - To be taught as a special math topic
Py =P e1=P,cos6, +P,cosd, +P,coso,
(More formulas on p. pp. 94-95)
3.10: Mixed Triple Product of Three Vectors [four operations] [force] (S4P3) > 4™ (3A) om
s, S, S, (M1IN3) > 1% (1A) + (M2N3) > 2™ (2A)
= (5 = special math: vector product or cross product
S '(P XQ): PR R P -> To be taught aspa special math tgpic ]
Qx Qy QZ
3.11: Moment of a Force about a Given Axis [four operations] [force] (S4P3) > 4™ (3A) 9"
) (M1IN3) > 1% (1A) + (M2N3) > 2" (2A)
~ ~ - ooy [special math: scalar product]
Mo =AMy =4 '(r x F): Xy 1z - To be taught as a special math topic
F, F, F
(More formulas on p. pp. 98)
3.12: Moment of a Couple [four operations] [force] (S4P3) > 4™ (3A) 9"
M=FxF M =rEsingd=Ed (MIN3) > 1% (1A) + (M2N3) > 2™ (2A) [motion] (SKP2) > K (3A)
[trigonometric functions] (MA2G2) > 10" (2F) [lever] (S4P3) > 4 (3A)
-> To be taught as a special math topic
[special math: vector product or cross product]
-> To be taught as a special math topic
3.13: Equivalent Couples [four operations] [force] (S4P3) > 4™ (3A) 6"
Fd, = Fd, (MIN3) > 1% (1A) + (M2N3) > 2™ (2A) [motion] (SKP2) = K (3A)
[geometry: point, axis/line, 3D body] [lever] (S4P3) > 4t (3A)
(M6G1) (M6G2) (M6M3) > 6" (2B)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)
3.14: Addition of Couples [four operations] ] [force] (S4P3) > 4" (3A) 9" 9"
M=FxR=rx(F+F)=FxF+rxF, M=M,+M, (MIN3) > 1% (1A) + (M2N3) > 2™ (2A)
[special math: vector product or cross product]
-> To be taught as a special math topic
3.15: Couples Can Be Represented by Vectors [vector graphics] (MA3A10) > 11™ (2H) [force] (S4P3) > 4™ (3A) om
-> To be taught as a special math topic
3.16: Resolution of a Given Force Into a Force at O and a [four operations] [force] (S4P3) > 4™ (3A) 9"
Couple (MIN3) > 1% (1A) + (M2N3) > 2" (2A)
My =F'xF =(F+5)xF =FxF +5§xF M, =M, +5xF [special math: vector product or cross product]
-> To be taught as a special math topic
3.17: Reduction of a System of Forces to One Force and [four operations] [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) | 9"
One Couple (MIN3) > 1% (1A) + (M2N3) > 2" (2A)
R=NEFE MR=N"M._. = FxE [special math: vector product or cross product]
- z ~ ° qz ° . ZA( . ) -> To be taught as a special math topic
M& =M, +5xR T=xi+yj+zk
F=Fi+F,j+F,k R=R,i+R j+Rk
M&=Mfi+M}j+MFk
3.18: Equivalent Systems of Forces [four operations] [force] (S4P3) > 4™ (2A) or (58P3) > 8" (3C) | 8"
SE=YF & YM,=3M, (MIN3) > 1% (1A) + (M2N3) > 2h”d (2A)
A l
SE-SF and 3N =N, [coordinate system] (M4G3) - 4™ (2B)
PIZEDISEDIEDIEDILE DI
SM XM, IM,-3M, M -FM,
3.19: Equipollent Systems of Vectors [vector graphics] (MA3A10) > 11" (2H) [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) | 9"
-> To be taught as a special math topic
3.20: Further Reduction of a System of Forces [coordinate system] (M4G3) > 4™ (2B) [force] (S4P3) > 4™ (2A) or (s8P3) > 8" (3C) | 8"
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Table 8 (Continued).

65

Engineering Subject: Statics

4.1: Introduction
>F=0 >F,=0 >F,=0 >F=0
Mo =3 (FxF)=0 YM, =0 ¥M,=0 3M,=0

4.2: Free-Body Diagram

Equilibrium in Two Dimensions
4.3: Reactions at Supports and Connections for a Two-
Dimensional Structure

4.4: Equilibrium of a Rigid Body in Two Dimensions
F,.=0 M,=M,=0 M,=M,

SF =0 >F,=0 >M,=0
D M,=0 >My=0 >M.=0

4.5: Statically Indeterminate Reactions. Partial Constraints

4.6: Equilibrium of a Two-Force Body

4.7: Equilibrium of a Three-Force Body

[summation/addition]
(M6N1) > 6" (1A) or (MA1A3) > 9" (2E)
-> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)

[Newton’s 3 Law: Action and Reaction]
(SP1) > 9" (3C)

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)
3.21: Reduction of a System of Forces to a Wrench [four operations] [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) | 9" [ 9"
M, ReM? M, ReM: (MIN3) > 1% (1A) + (M2N3) > 2 (2A) [motion] (SKP2) > K (2A)
pP=7 Mi=—0/— pP=f7 ="z [geometry: point, axis/line, 3D body] [lever] (S4P3) > 4" (2A)
L (M6G1) (M6G2) (M6M3) -> 6" (2B)
M,—pR — 1 +IxR=Mg [trigonometric functions] (MA2G2) > 10" (2F)
! PR+FxR=M - To be taught as a special math topic
[special math: scalar product]
-> To be taught as a special math topic
[special math: vector product or cross product]
-> To be taught as a special math topic
Chapter 4: Equilibrium of Rigid Bodies
[force] (S4P3) > 4™ (2A) or (s8P3) > 8" (3c) [ 9" [ 9"
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 4: Equilibrium of Rigid Bodies (Continued)
Equilibrium in Three Dimensions [summation/addition] [force] (S4P3) > 4" (2A) or (S8P3) > 8" (3C) | 9" [ 9"
4.8: Equilibrium of a Rigid Body in Three Dimensions (M6N1) > 6" (1A) or (MA1A3) > 9" (2E) [Newton’s 3" Law: Action and Reaction]
3 E-0 Y M, = Z(r % [f): 0 -> To be taught as a special mathhtopic (SP1) > oth (30)
H tl
SF =0 YF =0 YF =0 [coordinate system] (M4G3) = 4™ (2B)
DM, =0 XYM, =0 YM, =0
4.9: Reactions at Supports and Connections for a Three-
Dimensional Structure
Chapter 5: Distributed Forces: Centroids and Centers of Gravity
5.1: Introduction [coordinate system] (M4G3) > 4" (2B) [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) | PS | PS
Areas and Lines [summation/addition] (M6N1) > 6™ (2A) [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
5.2: Center of Gravity of a Two-Dimensional Body [integration] > 12" (To be taught)
Plate: D 'F,: W =AW, + AW, +...+ AW,
DM, XW =X AW +X,AW +..+ X, AW
DM, YW =y AW + Y, AW+ + Y, AW
W=[dw xW=[xdw yw ={ydw
Wire: DM, XW =) xAW Y M,: yW =) yAW
5.3: Centroids of Areas and Lines [measurement: area, weight,hthickness] [force] (S4P3) > 4™ (2A) or (S8P3) > 8™ r(13C) PS
i - - o o (M6M1) (M6M2) > 6™ (2C) [Newton’s Law of Gravitation] (S8P5) > 8™ (3C)
Plate: AW =#AA W =3A XA_.[XdA yA_J'ydA [integration] > 12" (To be taught)
Line: AW =jaAlL XL=[xdL yL=[ydL
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math Physics Sec | Ch
Chapter 5: Distributed Forces: Centroids and Centers of Gravity (Continued)
[integration] > 12" (To be tau%ht) [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) [ PS | PS
[coordinate system] (M4G3) > 4™ (2B) [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
[two-dimensional figures: circle, arc, triangle,
- . ellipse, parabolic]
5.4: First Moments of Areas and Lines (M1G1) (M1G2) > 1 (1B) +
XA=Q, = j xdA YA=Q, = j ydA (MA2G4) > 10™ (2F)
-> To be taught as a special math topic
[special two-dimensional figures: parabolic
spandrel, general spandrel]
-> To be taught as a special math topic
5.5: Composite Plates and Wires [coordinate system] (M4G3) > 4" (2B) [force] (S4P3) > 4™ (2A) or (S8P3) > 8™ (3C) | PS
XSwW=xw vYw=3yw [summation/addition] (M6N1) > 6 (2A) [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
_ B = B [measurement: area, weight, thickness]
Q=X A=2XA Q=Y A=}yA (MBM1) (M6M2) > 611 (2C)
5.6: Determination of Centroids by Integration [integration] > 12 (To be taught) [force] (S4P3) > 4" (2A) or (S8P3) > 8" (3C) | PS
Q. = XA= J‘ X, dA Q. =yA= J' y.dA [coordinate system] (M4G3) > 4" (282 [Newton’s Law of Gravitation] (S8P5) = 8" (3C)
y el x el [measurement: area] (M6M1) (M6M2) > 6™ (2C)
5.7: Theorems of Pappus-Guldinus [integration: area of surface of revolution, curve, [force] (S4P3) > 4™ (2A) or (S8P3) > 8™ (3C) PS
A=2mL V = 2WA volume of body of revolution] [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
=cny =y > 12" (To be taught)
. [coordinate system] (M4G3) > 4™ (2B) [force] (S4P3) > 4™ (2A) or (S8P3) > 8™ (3C) | PS
5.8 Dtstrlbuted Loads on Beams . [integration] [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
W=[wdx W=[dA=A (OPW =[xdW (OP)A=[xdA > 12" (To be taught)
[measurement: area] (M6M1) (M6M2) - 6 (2C)
5.9: Forces on Submerged Surfaces [measurement: area] (M6M1) (M6M2) > 6" (2C) [force] (S4P3) > 4™ (2A) or (S8P3) > 8™ (3C) | 8™
w =bp =byh
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Table 8 (Continued).

Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 5: Distributed Forces: Centroids and Centers of Gravity (Continued)
Volumes [coordinate system] (M4G3) > 4™ (2B) [force] (S4P3) > 4™ (2A) or (S8P3) > 8" (3C) [ PS | PS
5.10: Center of Gravity of a Three- Dimensional Body. [volume: sphere, cone, pyramid] [Newton’s Law of Gravitation] (S8P5) > 8" (3C)
Centroid of a Volume (M5M4) > 51 (1B) (Melhv|3) > 6" (2B)
XW = [xdW W =[ydw zW = [zdw (MA1GE) > 9" (2F)
[volume: ellipsoid, paraboloid]
XV =[xdv gV =[ydv 2V =[zdv = To be taught as a special math topic
5.11: Composite Bodies [integration] = 12" (To be taught)
a N o A _ = N o [integration: area of surface of revolution, curve,
)EZW =W j DW= ywW 7ZZW =2W volume of body of revolution]
XYV =XV YIV=3W ZyV=31v > 12" (To be taught)
5.12: Determination of Centroids of Volumes by
Integration

XV =[xdv g =[y,dv 2V =[z,dv XV =[x,dv

Chapter 6: Analysis of Structures

6.1: Introduction [summation/addition] (M6N1) > 6™ (2A) [force] (S8P3) = 8™ (3C) o [ oM
Trusses [four operations] (MIN3) = 1% (1A) + (M2N3) > [Newton’s 3™ Law: Action and Reaction]

6.2: Definition of a Truss 2" (1A), or (M7N1) > 7" (2A) (SP1) > 9" (3C)

6.3: Simple Trusses [coordinate system] (M4G3) > 4™ (2B)

6.4: Analysis of Trusses by the Method of Joints
6.5: Joints under Special Loading Conditions

6.6: Space Trusses

6.7: Analysis of Trusses by the Method of Sections
6.8: Trusses Made of Several Simple Trusses

Frames and Machines [summation/addition] (M6N1) > 6™ (2A) [force] (S8P3) > 8™ (3C) om
6.9: Structures Containing Multiforce Members [four operations] (MIN3) > 1% (2A) + [Newton’s 3 Law: Action and Reaction]
(M2N3) > 2" (1A), or (M7N1) > 7" (2A) (SP1) > 9" (3C)
6.10: Analysis of a Frame [trigonometric functions] (MA2G2) > 10" (2F)
6.11: Frames Which Cease to Be Rigid When Detached - To be taught as a special math topic

from Their Supports [coordinate system] (M4G3) - 4" (2B)
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Table 8 (Continued).

Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 6: Analysis of Structures (Continued
[summation/addition] (M6N1) > 6™ (2A) [force] (S8P3) > 8™ (3C) o [ o
[four operatdions] (MIN3) > 1% (2Ah) + [Newton’s 3 Law: AcEion and Reaction]
n t \i
6.12- Machines (M2N3) = 2™ (1A), or (M7N1) > 77 (2A) (SP1) > 9" (3C)

[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)

Chapter 7: Forces in Beams and Cables

7.1: Introduction [summation/addition] (M6N1) > 6™ (2A) [force] (S4P3) > 4™ (3A) or (s8P3) > 8" (3C) | PS | PS
7.2: Internal Forces in Members [four operations] (M1N3) = 1% (2A) +

(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
Beams [integration] > 12" (To be taught)

7.3: Various Types of Loading and Support
7.4: Shear and Bending Moment in a Beam
7.5: Shear and Bending-Moment Diagrams

7.6: Relations among Load, Shear, and Bending Moment [summation/addition] (M6N1) = 6" (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) | PS
a _ [four operations] (M1N3) > 1% (1A) +
dx (M2N3) > 2™ (1A), or (M7N1) > 7 (2A)
X H H t
Vp -V = 7_[ ® wdx = —wx = = -(Area under load curve between C an D) [integration] > 12 t&to be taught)
Xe [differentiation] > 12 (to be taught)
dMm
= vy
dx

My —M, = IXDde = —(Area under shear curve between Can D)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start the
Topic
Math | Physics Sec | Ch
Chapter 7: Forces in Beams and Cables (Continued)
Cables [summation/addition] (M6N1) - 6" (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) | 8" PS
7.7: Cables with Concentrated Loads [trigonometric functions] (MA2G2) > 10" (2F)
7.8: Cables with Distributed Loads —> To be taught as a special matth topic
3 Lo =y W [four operations] (M1N3) - 1% (2A) +
T coséd 7TO Tsind=W T-= TO +W tané = ﬁ (M2N3) N 2|‘|d (2A)l or (M7N1) S 7th (2A)
7.9: Parabolic Cable [square root] (M8N1) > 8" @A)
y= wx?
2T,
7.10: Catenary [summation/addition] (M6N1) > 6™ (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | PS

T = T2 +w’s’ c=TW° To=wc W=ws T=wyc’+s’

T, wcds
dx =dscosf = 2ds = ———
T wi/c? + §?
S
X = r o _ o/sinh*2| —csinh 2
o 2 ¢l c

s
1+—
c

't X
s=csinh= y=ccosh= y?*-s’=c¢® T,=wc W =ws
c c

T=wy h=y,=c

[trigonometric functions] (MA2G2) > 9" (2F)
[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[square root] (M8N1) > 8" (2A)
[integration] > 12" (to be taught)
[differentiation] = 12" (to be taught)
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Table 8 (Continued).

Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start the
Topic
Math | Physics Sec | Ch

Chapter 8: Friction

8.1: Introduction [four operations] (M1N3) > 1% (2A) + [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) [ 9™ | Ps

8.2: The Laws of Dry Friction. Coefficients of Friction (M2N3) > 2" (2A), or (M7N1) > 7" (2A)

F,=uN F =gN [trigonometric functions] (MA2G2) > 10" (2F)

8.3: Angles of Friction - To be taught as a special math topic

tang, = FW _ % — [surface] (M6M4) > 6" (2B)

F N

tan g, :ﬁ:'u’k\‘ — tand, = g,

8.4: Problems Involving Dry Friction

8.5: Wedges

8.6: Square-Threaded Screws

0-= P% L=nP

8.7: Journal Bearings. Axle Friction

M =Rrsing, ~Rry, r, =rsing, ~ruy,

8.8: Thrust Bearings. Disk Friction [four operations] (M1N3) > 1% (2A) + [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | PS

AM — (A = _TH4PAA (M2N3) > 2" (2A), or (M7N1) > 7" (2A)

T T aRI-RY) [integration] > 12" (to be taught)
Ry
4P 27 (R, 27| r2*tt
" z[RZ-R? ij I rrdg = iRZ R2 ij {2+J
_ kP 3
TRk 5
. 2 R3 R3 . 2

Ringarea: M :gﬂkp RIR! Fullcircle: M :gﬂkPR

8.9: Wheel Friction. Rolling Resistance [four operations] (M1N3) > 1% (2A) + [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | 8"

Pr =Wb (M2N3) > 2" (2A), or (M7N1) > 7" (2A)
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Table 8 (Continued).

72

8.10: Belt Friction
T T
In2=pup -ZL=e*

T, 47T
(For other formulas, refer to pp. 451-452)

[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[logarithmic functions] (MA2A4) > 10" (2E)
-> To be taught as a special math topic
[integration] > 12" (to be taught)
[differentiation] > 12" (to be taught)

Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start the
Topic
Math | Physics Sec [ Ch
Chapter 8: Friction (Continued)
[summation/addition] (M6N1) > 6™ (2A) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) | PS PS
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Table 8 (Continued).

73

Engineering Subject: Statics

Moments of Inertia of Areas
9.2: Second Moment, or Moment of Inertia, of an Area

R=[kydA=k[ydA M =[ky’dA=k[y’dA
R=[wdA=y[ydA M, =[y’dA=y[y’dA

9.3: Determination of the Moment of Inertia of an Area by
Integration

IX:IyZdA Iy:Ixsz dA=bdy di, =y?hdy

n 1 1
1, :Iobyzdy :EBH3 dl, :§y3dx dl, = x*dA = x*ydx

9.4: Polar Moment of Inertia
Jo :J‘r2 dA:J‘(x2 + yz)jAz'[ysz+_[x2dA

Jo==1,+1,

9.5: Radius of Gyration of an Area

|
I, =kIA - k, = LN I, =kiA - k=2~
A A

J
Jo=kKA - k.= TO
9.6: Parallel-Axis Theorem

I =[y*dA
I = [ydA=[(y+d) dA= [y dA+2d [ y'dA+d? [dA
I=1+Ad® k’=k?+d? J,=J,+Ad? or kZ=kZ+d?

[differentiation] > 12 (to be taught)
[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[area] (M3M3) (M3M4) > 3 (2B)
[square root] (M8N1) > 8" (2A)
[coordinate system] (M4G3) > 4™ (2B)
[areas of geometric shapes: circle, triangle]
(M5M1) > 5™ (2B)

[geometric shapes: ellipse]
(MA2G4) > 10" (2F)

-> To be taught as a special math topic
[three-dimensional bodies: thin rectangular
plate, rectangular prism] (M5M4) > 5 (2B)
[three-dimensional bodies: slender rod, circular
cylinder, cone] (M6M3) = 6™ (2B)
[three-dimensional bodies: circular cone,
sphere]

(M2G2) > 2" (2B)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[vector product]

-> To be taught as a special math topic
[partial differentiation] > 12" (to be taught)
[gradient] > 12" (to be taught)

[linear algebra] (MA2A6) (MA2AT7) (MA2AS8)
(MA2A9) > 10" (2G)

[power] (SP3) > 9" (3C)

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start the
Topic
Math | Physics Sec [ Ch
Chapter 9: Distributed Forces: Moments of Inertia
9.1: Introduction [integration] > 12" (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS PS
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Engineering Subject: Statics

9.7: Moments of Inertia of Composite Areas
(For formulas, refer to p. 485)

9.8: Product of Inertia

Iy = J. xy dA= _" (x+X (y'+y)dA

:jx‘ y'dA+ yj x‘dA+¥j y'dA+ WjdA
Iy ==l +XyA

Xy

9.9: Principal Axes and Principal Moments of Inertia
(For formulas, refer to pp. 498-500)

9.10: Mohr's Circle for Moments and Products of Inertia

Moments of Inertia of Masses
9.11: Moment of Inertia of a Mass

I:J.rzdm I =k?’m or k= 1
m

I :_[(y2+zz)dm l, :I(zz+x2)dm
I =j(x2+y2)dm

[integration] > 12" (to be taught)
[differentiation] > 12" (to be taught)

[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[area] (M3M3) (M3M4) > 3" (2B)
[square root] (M8N1) > 8" (2A)
[coordinate system] (M4G3) > 4" (2B)
[areas of geometric shape{ﬁ: circle, triangle]
(M5M1) > 5™ (2B)

S AZCH 5 10" (2B
-> To be taught as a special math topic
[three-dimensional bodies: thin rectangular plate,
rectangular prism] (M5M4) > 5 (2B)
[three-dimensional bodies: slender rod, circular
cylinder, cone] (M6M3) - 6™ (2B)
[three-dimensional bodies: c(ijrcular cone, sphere]
(M2G2) > 2" (2B)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[vector product]

-> To be taught as a special math topic
[partial differentiation] > 12 (to be taught)
[gradient] = 12" (to be taught)

[linear algebra] (MA2A6) (MA2AT) (MA2A8)
(MA2A9) > 10" (2G)

-> To be taught as a special math topic

[power] (SP3) > 9" (3C)

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 9: Distributed Forces: Moments of Inertia (Continued)
[force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) [ PS | PS
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 9: Distributed Forces: Moments of Inertia (Continued)
9.12: Parallel-Axis Theorem [integration] > 127 (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) [ PS | PS
X=X+X y=y+y z=27'+Z [differentiation] > 12t (to be taught)

:J.(y2 +zz)1m

I =1, +my +7°

H (y+yy z'+2)2}1m
:j(y'2+z‘2)dm+2yjy dm+22jz dm+(y2+22)jdm
Iy:fy,+m(22+iz) IZ:TZ.+m(X2+72)

I =T+md®> k®=k?+d?

9.13: Moments of Inertia of Thin Plates

IAA',mass = I rzdm} IAA‘,mass = ptf erA

dm = pt dA
AA mass ptIAA area IBB‘,mass = ptIBB‘,area
ICC',mass - pt‘]C,area ICC' = IAA + IBB'

Rectangular Plate
1.5 1. 3

AA mass ptIAA area ,Ot Ea b IBB',mass = ptIBB',area :pt Eab

lyw=—ma’ lg = L b2

ma
12 12
Circular Plate

1, 1,
AAmass ptIAAarea (7721’ IAA’=IBB'=Zmr

lee = Dy + gy =—m(a® +b?)

1
loe = lan + IBB,:Emr

[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[area] (M3M3) (M3M4) > 3" (2B)
[square root] (M8N1) > 8" (2A)
[coordinate system] (M4G3) > 4" (2B)
[areas of geometric shapes: circle, triangle]
(M5M1) > 5™ (2B)

[geometric shapes: ellipse]
(MA2G4) > 10" (2F)

-> To be taught as a special math topic

rectangular prism] (M5M4) > 5 (2B)
[three-dimensional bodies: slender rod, circular
cylinder, cone] (M6M3) - 6™ (2B)
[three-dimensional bodies: circular cone, sphere]
(M2G2) > 2" (2B)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[vector product]

-> To be taught as a special math topic
[partial differentiation] > 12 (to be taught)
[gradient] = 121" (to be taught)

[linear algebra] (MA2A6) (MA2AT) (MA2A8)
(MA2A9) > 10" (2G)

-> To be taught as a special math topic

[three-dimensional bodies: thin rectangular plate,

[power] (SP3) > 9" (3C)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 9: Distributed Forces: Moments of Inertia (Continued)
9.14: Determination of the Moment of Inertia of a Three- [integration] > 127 (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS PS

Dimensional Body by Integration
{For formulas, refer to p. 517).

9.15: Moments of Inertia of Composite Bodies

9.16: Moment of Inertia of a Body with Respect to an
Arbitrary Axis through O. Mass Products of Inertia

oL :j pZdm = ”Z x f‘zdm

:j[(/lxy—ﬂyx)z +(ﬂyz —/Izy)2 +(/sz—lxz)2]

:ﬂ,ij(yz + zz)dm +/1§J'(zz + xz)dm +/1§_[(x2 + yz)dm—
2/1x/1y.[xy dm —Zﬁyﬂz.[ yz dm —Zﬂz/lxj zx dm

Iy :fxy dm 1, :Iyz dm 1, :sz dm

loo = LA+ 1,20 + 1,22 =21 A A, =21, A A, =21, 2,2
ly =l +mxy 1, =1, +myz |

y o =l +MZX

pa

9.17: Ellipsoid of Inertia. Principal Axes of Inertia
(0Q)4, =x (0Q)2, =y (0Q)1, =2

L2 +1,y2+ 1,22 =21 xy - 21 ,yz-21,,2x =1

LX 2+l y 241,27 =1

_ 2 2 2
lop = L A2+ 1,22 + 1,22

[differentiation] > 12" (to be taught)
[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[area] (M3M3) (M3M4) > 3" (2B)
[square root] (M8N1) > 8" (2A)
[coordinate system] (M4G3) > 4" (2B)
[areas of geometric shapes: circle, triangle]
(M5M1) > 5™ (2B)

[geometric shapes: ellipse]

(MA2G4) > 9" (2F)
[three-dimensional bodies: thin rectangular plate,
rectangular prism] (M5M4) > 5 (2B)
[three-dimensional bodies: slender rod, circular
cylinder, cone] (M6M3) - 6" (2B)
[three-dimensional bodies: circular cone, sphere]
(M2G2) > 2" (1B)
[trigonometric functions] (MA2G2) > 9" (2F)
[vector product]

-> To be taught as a special math topic
[partial differentiation] > 12" (to be taught)
[gradient] > 12" (to be taught)

[linear algebra] (MA2A6) (MA2AT) (MA2A8)
(MA2A9) > 10" (2G)

-> To be taught as a special math topic

[power] (SP3) > 9" (3C)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 9: Distributed Forces: Moments of Inertia (Continued)
9.18: Determination of the Principal Axes and Principal [integration] > 127 (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS PS

Moments of Inertia of a Body of Arbitrary Shape

v = (2K)F S o
K = constant - Vf:—f+—]+—|€

ox oy oz

F=xi+y+2K

2 2 2
f(x,y,2)= 1+ 1,y° + 1,22 =21, xy -2l ,yz - 21 ,2x -1

L-K =1, =1y

l,-K —1,|=0
-1, 1,-K

- sz yz

(More formulas on p.p. 534-535)

_|><y

[differentiation] > 12" (to be taught)
[four operations] (M1N3) > 1% (2A) +
(M2N3) > 2" (2A), or (M7N1) > 7" (2A)
[area] (M3M3) (M3M4) > 3" (2B)
[square root] (M8N1) > 8" (1A)
[coordinate system] (M4G3) > 4" (2B)
[areas of geometric shapes: circle, triangle]
(M5M1) > 5™ (2B)

[geometric shapes: ellipse]

(MA2G4) > 9" (2F)
[three-dimensional bodies: thin rectangular plate,
rectangular prism] (M5M4) > 5 (2B)
[three-dimensional bodies: slender rod, circular
cylinder, cone] (M6M3) - 6" (2B)
[three-dimensional bodies: circular cone, sphere]
(M2G2) > 2" (2B)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[vector product]

-> To be taught as a special math topic
[partial differentiation] > 12 (to be taught)
[gradient] = 12" to be taught)

[linear algebra] (MA2A6) (MA2AT) (MA2A8)
(MA2A9) > 10" (2G)

-> To be taught as a special math topic

[power] (SP3) > 9" (3C)
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Table 8 (Continued).

Engineering Subject: Statics

Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 10: Method of Virtual Work
10.1: Introduction [integration] > 127 (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8" (3C) [ PS | PS
[differentiation] > 12" (to be taught) [work] (S8P3) - 8™ (3C)
10.2: Work of a Force [trigonometric functions] (MA2G2) > 10" (2F) [potential energy] (SP3) > 9 (3C)
dU=FEedi dU=Fdscosa dU=M d@ -> To be taught as a special math topic

— - [scalar product]

10.3: Principle of Virtual Work - To be taught as a special math topic
U =Fedor+F,eff +...+F oo [coordinate system] (M4G3) > 4" (2B)
_ (,fl - Ifn). SF — SU=Redt [partial differentiation] > 12 (to be taught)
10.4: Applications of the Principle of Virtual Work
Xg =2/8in@ 'y, =(cosd

g =20C0S050 Oy, =—(sin660

M =0Uq, +p =-QK; — Py,

=-2QlcosO 56+ P{sin @ 66

N=0 -

2Q/lcosf 50 =Plsind 50 — Q:%Ptan@

B, :—EPtane
2

10.5: Real Machines. Mechanical Efficiency

M =-Q8, —Pdy. —Fdx,

=-2Q(cos @ 56+ Plsin@ 60— Pl cosb 56

M =0 — 2Q¢cosf 60 =Plsind 66— uPlcosO 60 —
_ outputwork _ 2Qfcosé 50
" inputwork  P/sin@ 66

1
2(5 P(tanH—,u)]Z cos 0 60 i P(tan 0 1)/ cos0 50

P/sin@ 66 P/sin@ 56

=1-ucotd
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 10: Method of Virtual Work (Continued)
10.6: Work of a Force during a Finite Displacement [integration] > 127 (to be taught) [force] (S4P3) > 4™ (3A) or (S8P3) > 8™ (3C) PS PS

dU=Fedf — U,, :j:ﬁ-dr
s,
du =Fdscosa — U, =L (F cosa)ds
0,
du=Mdo — U, =L Mdo U, ,=M(6,-6)
Work of a weight
Y2
du=-Wdy — U,,,= _J.Y1 Wdy U, = _W(yz - y1): -W 4

Work of the force exerted by a spring
F=kx — dU=-Fdx=-kxdx

Ulﬂz :_J.: kx dX:%kxf _%kxzz U142 :_%(Fl‘i‘FZ)AX

10.7: Potential Energy
u,= (Vg )1 7(\/9 )2 <« Vg =Wy

U1~>2 = (Vs)1 _(VE)Z <« Ve = %kxz
dU=-dv U, ,=V,-V,

[differentiation] > 12" (to be taught)
[trigonometric functions] (MA2G2) > 10" (2F)
-> To be taught as a special math topic
[scalar product]

-> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)
[partial differentiation] > 12 (to be taught)

[work] (S8P3) > 8™ (3C)
[potential energy] (SP3) > 9 (3C)
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Table 8 (Continued).
Engineering Subject: Statics
Engineering Analytic Topics & Typical Formulas Math & Science Pre-requisite Topics & Completion Grade (Georgia Performance Standard Code) Possible
Grade
[Pre-requisite Math Skills/Science Principles] (GPS Code) = Grade (Table No.) to Start
the Topic
Math | Physics Sec | Ch
Chapter 10: Method of Virtual Work (Continued)
10.8: Potential Energy and Equilibrium [integration] > 12" &to be taught) [force] (S4P3) > 4™ (2A) or (ShSPs) >8"@3C) [PS |PS
av 1, ., . [differentiation] = 12" (to be taught) [work] (S8P3) > 8" (3C)
-0 Vemg ks Vo =Wye X =2(sing yc=rfcosd [trigonometric functions] (MA2G2) > 10™ (2F) [potential energy] (SP3) > 9 (3C)

A :%k(zzsine)2 V, =W(¢cos o)

V =V, +V, =2k¢?sin § + W/ cos &

j—\;:zmzzsin 6cosd —W,sind=0

%:Zsin 0(4kfcos® —W)=0

10.9: Stability of Equilibrium

-> To be taught as a special math topic
[scalar product]
-> To be taught as a special math topic
[coordinate system] (M4G3) > 4" (2B)
[partial differentiation] > 12 (to be taught)

d—V:O dz\lz > 0: stable equilibrium
dé déo

d—V:O dZVZ < 0: unstable equilibrium
dé dé

NN o (V) vy
06, 06, 06,06, 06> 06?
672\/2 0 or 672\/2 >0

06, 06,



https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=262�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=1389�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=146�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=40�
https://www.georgiastandards.org/_layouts/GeorgiaStandards/Unitbuilder/SearchResults.aspx?viewmode=details&StandardIDSelected=12�

NCETE Core 4 Research Paper (pp. 58-102)
Professors: Dr. Kurt Becker and Dr. Mark Tufenkjian
Student: Edward Locke, UGA

Table 9
Delphi - Likert Scale Questionnaire on the Importance of Various Statics Topics Selected for High School Engineering Curriculum
(For the Pre-calculus Portion)

Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 B
Chapter 1: Introduction
1.1: What Is Mechanics? e} e} (o) (@) e}
1.2: fundamental Concepts and Principles o) o) o) o) o)
a:%: Fomd Fly-—F F-GTI
1.3: Systems of Units @) (@) (@) @) (@)
1.4: Conversion from One System of Units to Another ®) ®) o) o) ®)
1.5: Method of Problem Solution @) @) (@) (@) @)
1.6: Numerical Accuracy @) (@) (@) o) (@)
Chapter 2: Statics of Particles
2.1: Introduction @) @) () (o) @)
Forces in a Plane o) o) (o) o) o)
2.2: Force on a Particle. Resultant of Two Forces
2.3: Vectors ) ) (o) (e} )
2.4: Addition of Vectors o) o) (o) o) o)
2.5: Resultant of Several Concurrent Forces o) o) o) o) o)
2.6: Resolution of a Force into Components o) 'e) o) o) 'e)
2.7: Rectangular Components of a Force. Unit Vectors o) o) O o) o)
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

Comment

1 2 3 4 S
Chapter 2: Statics of Particles (Continued)
2.8: Addition of Forces by Summing x and y Components o) 'e) o) o) 'e)

F=Fi+F,] F,=Fcos¢ F,=Fsing tan&:% F=F2+F}

2.9: Equilibrium of a Particle o) o) o) O O
R=>F=F+F+.=0 = R, =Y>F =0 R =YF =0 R =)F=0
2.10: Newton's First Law of Motion o) o) o) o) O
2.11: Problems Involving the Equilibrium of a Particle. Free-Body Diagrams o) o) o) o) o)
Forces in Space o) o) o) O O

2.12: Rectangular Components of a Force in Space
F,=Fcosd, F,=Fsing, F, =Fcosg=Fsing cosg F,=Fsing=Fsing,sing

F?=F,+F =F,+F+F, —> F=F +F +F,
F,=Fcosd, F,=Fcosd, F,=Fcosd, (0°<6,,,6 <180
F=Fi+Fj+Fk |f=F(cosexi"+cos<9yi+cosazlz)

F, d R
cosaxzizﬂzi c0sf, =2 =—2=V cos&;i:ﬁ:&
F d R F d R F d R
-1 wa ) -1 dx(y 2) 2 2 2
gx(yz>:COS X2 _ ot 2D o Fx+Fy+FZ
‘ F d
i P f c ;_F - . d, -
A =008 6,1 +cos 0, j+cos Gk z:E ,:ix j= % k:i
F d d d
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 2: Statics of Particles (Continued)

2.13: Force Defined by Its Magnitude and Two Points on Its Line of Action

MN =d,i+d,j+d,K i:%_%(dxwdyhdj)

dx(y,z):X(va)zfx(va)l d:\d:+d§+dzz

o U Fd

Fori=Flivazjea) F = p oS p _F
d d d d

O |0 |O |O |O

2.14: Addition of Concurrent Forces in Space

R=YF R=RZ+R2+R? Ri+R J+Rk=FF+F)i+>F K

2.15: Equilibrium of a Particle in Space
R=YF=F+F+.=0 > R =)F=0 R =)F =0 R =)F=0

y y
a b c X ax +by +cz F1 0
d e fix|y|=|dx+ey+ fz e fo 0
g h i z gx+hy+iz i 0

Re=2F =0 ar+bF,+cF,=0 [a b c] [F] [aF +bF,+cF,
R,=YF, =0 dr+eF,+fF=0 |d e f|x|F,|=|dF +eF,+fF
R,=YF =0 OR+hF+iF=0 [g h i] [F] |gF+hF+iF
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Table 9 (Continued).

Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 5
Chapter 3: Rigid Bodies - Equivalent Systems of Forces
3.1: Introduction ®) ®) o) o) ®)
3.2: External and Internal Forces o) o) o) o) o)
3.3: Principle of Transmissibility. Equivalent Forces o) o) o) o) O
3.4: Vector Product of Two Vectors 'e) 'e) o) o) 'e)

V=PxQ V=PQsing VLP V.1Q V 1 Plane,
Fx(0,+3,)=PxG,+PxQ, (FxQ)xS=Px(@xS) V=0xP=—(FxG) GxP~=PxQ
PxG=—V Px(,+Q,)=PxG +PxQ, GxP=PxQ

V:(jxlsz—(ﬁx(j) ﬁx(j:—v \7:I5><(§ (ﬁx@)x§¢ﬁx((§x§)

3.5: Vector Products Expressed in Terms of Rectangular Components o) O o) o) o)

fxf:jxj:lZXk=0 ij:lz ]x|2=f lzxiA=j? ixk=—] jxi=—k kxj=-i

P
P=Pi+P,j+Pk Q=Q,i+Q,j+Q,k V=PxQ=|P,

PY
Q, Q Q.
Vx = Psz - PzQy Vy = 7(P><Qz - PzQx): PzQx - PxQz Vz = Pny - Pny
3.6: Moment of a Force about a Point 'e) o) o) o) 'e)
M,=FxF M,=rFsind=Fd F=vo:A 6=2 . dLF

Pk M, =yF, —zF,
Mo=FxF=|x y z|=Mi+M j+Mk M,=~(xF,-2zF,)=2F, —xF,
F, F, F M, =xF, —yF,
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)

3.7: Varignon's Theorem
Fx(lf1+ F, +...):?>< F,+FxF,+..

O |0 |O|O |O

3.8: Rectangular Components of the Moment of a Force

i‘ j‘ |2 Mg = Xasel +yA/Bj+ZA/Bk
7 = = Xarg = Xa — Xg
Mg =Tye XF =Xas Yae Zam

F = = Yars =Ya—Ye

X y z
Zpg =2Zp—1g

3.9: Scalar Product of Two Vectors

PeQ=PQcosd=P,Q, +PQ, +P,Q, 6=2, ;

PeG=GeP Pe(Q +G,)=PeG,+PeQ, P, =Pei=P,cosd,+P,cosd, +P, cosd,
(More formulas on p. pp. 94-95)

3.10: Mixed Triple Product of Three Vectors
S, S, S

Se(PxQ)= P: P P

y z

Qx Qy Qz
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Table 9 (Continued).

Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)

3.11: Moment of a Force about a Given Axis

Ao Ay A
Moy =ﬂ:0l\7|0 :QO(fXIE): Xy oz (More formulas on p. pp. 98)
F, F, F

O |0 |O |0 |O

3.12: Moment of a Couple
M=FxF M=rFsind=Fd

3.13: Equivalent Couples
F1d1 = dez

3.14: Addition of Couples
M=FxR=rx(F,+F)=FxF+7xF, M=M,+M,

0]
0]
@)
@)
0]

3.15: Couples Can Be Represented by Vectors

@)
@)
®)
O
@)

3.16: Resolution of a Given Force Into a Force at O and a Couple
=T'xF=(F+5)xF=FxF+SxF Mg =M, +5xF

(o}

.17: Reduction of a System of Forces to One Force and One Couple
R=SF ME=3My=S(xF) M5 =Mg+5xR F=xi+yj+zk
Fi+F j+Fk R=Ri+R,j+Rk ME=MI+MFj+MFk

X y z
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Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

(Score of Importance from

Likert Scale

Least to Most)

Comment

F,=0 M, =M,=0 M,=M, >F =0 Y>F =0 M =0

dM,=0 YMy=0 >M;=0

1 2 3 4 S

Chapter 3: Rigid Bodies - Equivalent Systems of Forces (Continued)
3.18: Equivalent Systems of Forces 'e) o) o) o) 'e)
SFE=3F & YM,=>M, YF=>F and > M,=M,'
SF=YF. LF-XF, ZF-3F,
M =2 MY 2M =My 2M =3 M,
3.19: Equipollent Systems of Vectors 'e) 'e) o) O 'e)
3.20: Further Reduction of a System of Forces o) o) o) o) O
3.21: Reduction of a System of Forces to a Wrench 'e) 'e) o) O 'e)
p My _ReME M, ReMZ o Mo xRoNG

R R R R PR+TxR=M2
Chapter 4: Equilibrium of Rigid Bodies
4.1: Introduction o) o) o) O o)
SFE=0 YF=0 YF=0 YF=0 YM,=Y(xF)=0 ¥M,=0 YM,=0 SM, =0
4.2: Free-Body Diagram O O o (@) O
Equilibrium in Two Dimensions 0] e) o) o) 0]
4.3: Reactions at Supports and Connections for a Two-Dimensional Structure
4.4: Equilibrium of a Rigid Body in Two Dimensions o) o)
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

Least to Most)

(Score of Importance from

[EEN

2

3

4

(6]

Comment

Chapter 4: Equilibrium of Rigid Bodies (Continued)

4.5: Statically Indeterminate Reactions. Partial Constraints

4.6: Equilibrium of a Two-Force Body

4.7: Equilibrium of a Three-Force Body

Equilibrium in Three Dimensions
4.8: Equilibrium of a Rigid Body in Three Dimensions

>F=0 >M,=0
YE=0 YM,=Y(xF)=0 YF=0 M, =0
> F =0 >M,=0

O|0|0O|O

O|0|0O|O

Oo|0|0O|O

Oo|O0|0O|O

O|0|0O|O

®)

4.9: Reactions at Supports and Connections for a Three-Dimensional Structure

®)

@)

@)

®)

Chapter 6: Analysis of Structures

6.1: Introduction

Trusses
6.2: Definition of a Truss

6.3: Simple Trusses

6.4: Analysis of Trusses by the Method of Joints

6.5: Joints under Special Loading Conditions

6.6: Space Trusses

6.7: Analysis of Trusses by the Method of Sections

0|0|0|O0|0|0O| O|O

6.8: Trusses Made of Several Simple Trusses

0|0|0|0O|0|0O| O|O

0|0|0|0|0|0O| O]|O

0|0|0|0O|0|0O| O]O

0|0|0|O0|0|0O| O|O
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment
(Score of Importance from
Least to Most)
1 2 3 4 5
Chapter 6: Analysis of Structures
Frames and Machines o) o) o) o) o)
6.9: Structures Containing Multiforce Members
6.10: Analysis of a Frame @) @) o O @)
6.11: Frames Which Cease to Be Rigid When Detached from Their Supports ©) ©) o O ©)
6.12: Machines @) @) @) @) @)
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Table 10
Delphi - Likert Scale Questionnaire on the Importance of Various Statics Topics Selected for High School Engineering Curriculum
(For the Calculus Portion)

Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 > Not So Important; 3 - Might Be Important; 4 - Important; 5 > Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 8

Chapter 5: Distributed Forces: Centroids and Centers of Gravity

5.1: Introduction @) @) (@) (@) @)

Areas and Lines o) o) o) O o)

5.2: Center of Gravity of a Two-Dimensional Body

DM, XW =X AW + X, AW +...+ X, AW

Plate: D' F,: W =AW, +AW, +...+ AW,
DM, i YW =y AW + Y, AW +..+y, AW

W=J'dW W\/=jxdw WV:J'ydW

Wire: DM @ XW =Y xAW Y M,: §W =) yAW

5.3: Centroids of Areas and Lines O (@) (@) O (@)
Plate: AW =ptAA W =s#A m:[di yA:jydA

Line: AW =jaAl XL=[xdL yL=[ydL

5.4: First Moments of Areas and Lines 'e) 'e) O | o 'e)
XA=Q, = [xdA yA=Q, =[ydA

5.5: Composite Plates and Wires o) o) O o) o)
XDW=D5W YIW=>YW Q,=X>A=>XA Q =YY A=>YA

5.6: Determination of Centroids by Integration o) o) O o) o)

Q, =XA=[x,0A Q, =yA=]y,dA
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 > Not So Important; 3 - Might Be Important; 4 = Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 8

Comment

Chapter 5: Distributed Forces: Centroids and Centers of Gravity (Continued)

5.7: Theorems of Pappus-Guldinus
A=27yL V =22yA

0|0 |]O |O |O

5.8: Distributed Loads on Beams
W =[wdx W=[dA=A (OPW =[xdW (OP)A=[xdA

O |0 |O |O |O

5.9: Forces on Submerged Surfaces

w = bp = bsh

Volumes
5.10: Center of Gravity of a Three- Dimensional Body. Centroid of a Volume

W:jxdw yﬂ/v:jydw wv:jzdw
W:jxdv W:jydv fvzjzdv

5.11: Composite Bodies
XDW=D5W YIW=DJW ZDW=>71W
XDV =%V YIV=3W ZDV=>1V

5.12: Determination of Centroids of Volumes by Integration
XV = [x,dv gV =[y,dv 2V =[z,dv XV =[x,dv
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 > Not So Important; 3 - Might Be Important; 4 = Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

(Score of Importance from

Likert Scale

Least to Most)

[EEN

2

3

4

(6]

Comment

Chapter 7: Forces in Beams and Cables

7.1: Introduction

7.2: Internal Forces in Members

Beams
7.3: Various Types of Loading and Support

7.4: Shear and Bending Moment in a Beam

7.5: Shear and Bending-Moment Diagrams

7.6: Relations among Load, Shear, and Bending Moment

dv %o
Vil -w Vp -V, = 7.[ wdx = —wx = = -(Area under load curve between C an D)
X Xc

dd—M =V M,-M,= jxuvdx = —(Avrea under shear curve between Can D)
X -

O|O|O| O|0O|0O

O|O|O| O|O|0O

O|O0|0| O|O|O

O|O0|O0| O|O|O

O|O|O| O|O|0O

Cables
7.7: Cables with Concentrated Loads

7.8: Cables with Distributed Loads
Tcos@=T, Tsind=W T=,TZ+W? tanH:Tﬂ

(e}

7.9: Parabolic Cable
_wx?
2T,

y
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from

Least to Most)

Comment

1 2 3 4
Chapter 7: Forces in Beams and Cables (Continued)
7.10: Catenary o) o) o) o)
T T wcds
T=JTZ+w?s?® ¢c=-2 T, = W = T=wJc2+s? dx=dscosf=—2ds=——2_
o +W's® c=—" To =we ws wyc?+s®  dx=dscos TSWW
S
x:_[S ds :c[sinh’1 i} =csinh? > s=csinh X y:ccoshé
J 2 clo c c c
1+—
c
y?’-s’=¢c> To=wc W=ws T=wy h=y,=c
Chapter 8: Friction
8.1: Introduction o |0 |O | O
8.2: The Laws of Dry Friction. Coefficients of Friction o) o) O O
Fo=uN F =N
8.3: Angles of Friction o) o) O o)
_Fo_aN - R _aN -
tan¢S_N =N — tang, =y, tang N N — tandg =y
8.4: Problems Involving Dry Friction O O O O
8.5: Wedges O @) @) O
8.6: Square-Threaded Screws o) o) O o)
Q= P% L=nP
8.7: Journal Bearings. Axle Friction o) o) o) o)
M =Rrsing, ~Rry, r;, =rsing, = ruy,
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 8: Friction (Continued)

8.8: Thrust Bearings. Disk Friction
ru, PAA

AM =rAF=m

P 2o,
:HR?——RZ)JZ j” r2drdg =
2 _R-R?

Ringarea: M ==pu P
g 3ﬂk Rz Rz

Fullcircle: M :%ykPR

T P 71
(Rz RZ)IZ [;_‘_J H(R?k—Rf)IOZ g(Rza_Rf)jﬁ

0|0 |O |O |O

8.9: Wheel Friction. Rolling Resistance
Pr=Wh

8.10: Belt Friction
T T

In-2 = 2 =t/
T, up T,

(For other formulas, refer to pp. 451-452)

Chapter 9: Distributed Forces: Moments of Inertia

9.1: Introduction

Moments of Inertia of Areas
9.2: Second Moment, or Moment of Inertia, of an Area

R:jkydA:kjydA M:jky2dA:kjy2dA R:jyydA:yjydA MX:IdeA:nyZdA
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:
1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas Likert Scale Comment

(Score of Importance from
Least to Most)

1 2 3 4 5

Chapter 9: Distributed Forces: Moments of Inertia (Continued)

9.3: Determination of the Moment of Inertia of an Area by Integration o) o) 'e) o) o)
I, :ijdA 1, =jx2dA dA=bdy di =y?hdy

h 1 1
I, :J’ObyzdyngH3 dl, :§y3dx dl, = x*dA = x*ydx

9.4: Polar Moment of Inertia (@) (@) @] O O

Jo=[rt dA=[(x? +y? HA=[y2dA+ [x*dA 3o =1, +1,

9.5: Radius of Gyration of an Area (@) (@) @] (@] O
I, I J

I, =kiA - k, :\/% L, =kjA — Kk, :‘/Ky Jo=kiA — ko= 70

9.6: Parallel-Axis Theorem O |0 |O |O |O

| =jy2dA

| =jysz:j(y'+d)sz:jy'ZdA+2djy'dA+d2jdA
I=T+Ad® k’=k?+d? J,=J,+Ad? or kZ=kZ+d?

9.7: Moments of Inertia of Composite Areas O o)
(For formulas, refer to p. 485)

9.8: Product of Inertia o) o)
Iy = _[ xy dA= .[ (xX+x)(y'+y)dA= J X'y dA+ V.[ X' dA+ Y“' y'dA+ Wj dA 1, ==1,, +XyA

9.9: Principal Axes and Principal Moments of Inertia (o) o)

(For formulas, refer to pp. 498-500)

9.10: Mohr's Circle for Moments and Products of Inertia (@) (@)
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 9: Distributed Forces: Moments of Inertia (Continued)

Moments of Inertia of Masses
9.11: Moment of Inertia of a Mass

I:Irzdm I =k’m or k:\/r:T IX:I(y2+zz)dm Iy:I(zz+x2)dm

I :_[(x2 +y2)dm

0|0 |0 |O |O

9.12: Parallel-Axis Theorem
X=X+X y=Yy+y z=247 |, :'f(y2 +zz)1m

I =T+ m(y2 + 22): H(y'+y)2 +(z'+2)2]dm
= j(y‘2+z'2)dm + Zyj y'dm + ZZJ'z'dm +(y7 + Zz)jdm

I, =T, +mz?+x?) 1, =T, +m(x>+y?) 1=T+md? k2

=k?+d?
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Engineering Subject: Statics

Likert Scale (Score of Importance) Note:

1 - Totally Unimportant; 2 - Not So Important; 3 - Might Be Important; 4 - Important; 5 - Very Important

Engineering Analytic Topics & Typical Formulas

Likert Scale

(Score of Importance from
Least to Most)

1 2 3 4 5

Comment

Chapter 9: Distributed Forces: Moments of Inertia (Continued)

9.13: Moments of Inertia of Thin Plates

I maee = | F7dm
poimass j I AA mass th‘ rsz
dm = pt dA '

| AAmass ptl AA'area I BB'mass ptl BB',area ICC',mass =ptd C.area ICC' =1 m T I BB’
Rectangular Plate

1 1
I AA' mass — ptl AA'area — ,Dt(lzagbj I BB'mass ptl BB'area pt(lZ ang

1 1 1
I an =Ema2 l g =Emb2 lee = lan + lgg =Em(a2 +b2)

Circular Plate

IAA',mass = ptl AA' area = pt(im4j IAA = I BB' = %mrz

2

1
lee = Tan + s :Emr

0|0 |0 |O |O

9.14: Determination of the Moment of Inertia of a Three-Dimensional Body by Integration
(For formulas, refer to p. 517).

9.15: Moments of Inertia of Composite Bodies
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Chapter 9: Distributed Forces: Moments of Inertia (Continued)

9.16: Moment of Inertia of a Body with Respect to an Arbitrary Axis through O. Mass
Products of Inertia

IOL:Ipzdm:Hixf‘zdmzj'[(/lxy—/lyx)z+(/1yz—ﬂzy)2+(/lzx—ﬂxz)2]
:lij(yz+22)dm+/12y'f(zz+x2)dm+/1§_[(x2+yz)dm—

2/1X/1y.[xy dm —2/1yﬂzjyz dm —2/12/1X.|.zx dm

Ixyzfxydm Iyzzjyzdm IZX:szdm

lo = LA+ 122 + 1,22 =21 A A, =21, A A, =21, 4,2

xy “x 7ty yz7rytyz x 7"z 7%

Ly =leyp+mxy 1, =1,,+myz 1, =1,,+mzX

o | O

O

O

9.17: Ellipsoid of Inertia. Principal Axes of Inertia

0Q)l, =x (0Q)A, =y OQ), =z I x“+1 y"+1,z2-21 xy—-2I,yz-2l,2x=1
X y z x2 y : z2 Xy yz X

12 12 12 2 2 2
LX24l, Y2l 22 =1 1 =125 + 1,22 + 1,22
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Chapter 9: Distributed Forces: Moments of Inertia (Continued)

9.18: Determination of the Principal Axes and Principal Moments of Inertia of a Body of
Arbitrary Shape

Vi = (2K)F i o f
K = constant > Vi="i+—]+ i

. A oX ay 0z
F=xi+ yj + zk

f(x, yz)—l X2+ 1y2+1,2° =21 xy - 21,yz - 21 ,,2x -1

=K —1, —1,
1, I,-K —1,]=0
1, -1, 1,-K

(More formulas on p.p. 534-535)

0|0 |O |0 |O
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Chapter 10: Method of Virtual Work

10.1: Introduction

10.2: Work of a Force
dU =FedX dU=Fdscosa dU=M d@

10.3: Principle of Virtual Work
MU =F o +F e+ . +F of=(F+F +..4F JooF - U=Red

10.4: Applications of the Principle of Virtual Work
Xg =20Sin@ y. =0c0os6 Xy =20C0S05060 Y. =—Lsinb60

M =, +, =-Q; —Pdy. =-2Qrcosd 66 + Plsing 50

oU=0 — 2Qlcosf 66 =Pisingd 66 — Q:%Ptane Bx:—%Ptane

10.5: Real Machines. Mechanical Efficiency
oU =-Q&; —Pdy, —Fox; =-2Q¢cosb 60+ Plsing 56 — Pl cosb 66

U=0 — 2Qlcosf 60 =PrLsin@ 60— uPlcosO 66 —

_ outputwork  2Qfcos@ 50
input work P/sin@ 56

1
2(2 P(tan 0 — y)jz cos 6 56 P(tan - 1)/ cos d 56
P/sin@ 60 B P/sin@ 660

=1-ucotd
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Chapter 10: Method of Virtual Work (Continued)

10.6: Work of a Force during a Finite Displacement
dU=Fedf —» U,_, =I: Fedr dU=Fdscosa — U,_, =LSZ(F cos e )ds
dU=Md0 — U,,=['Mdo U,_,=M(6,-6,)
Work of a weight
Y2
du=-Wdy - U,, :_Ll Wdy U, :_W(yz - yl):_W Ay

Work of the force exerted by a spring
F=kx — dU=-F dx=-kx dx

U,,, =—J‘:l2 kx dx=%kx12 —%kxg U,,, =—%(F1 +F, )Ax

o |]O0|O |O |O

10.7: Potential Energy
UlﬁZZ(Vg)l_(Vg)z <« Vg :Wy Ulazz(ve)l_(ve)z « V
du=-dv U_,=V,-V,

=lkx2
2

e
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Chapter 10: Method of Virtual Work (Continued)

10.8: Potential Energy and Equilibrium

‘;_\;zo Vezékxé V, =Wy, Xz =2Isinf y.=~(cos6

V, =1k(2zsin 0)" V,=W(lcosd) V=V, +V, =2k¢*sin® @ +W(cosd
2

3—\;=4k£2 sin@cos@ —W/sin 6 =0 3—\;=£sin O(4k/cosd -W)=0

0O |]O0|O |O |O

10.9: Stability of Equilibrium
2 2
d—vzo d \i > 0: stable equilibrium d—vzo d \2
dé do dé do
2
ov oV oV oV oV oV RY
=" -0 0 >0 or
06, 06, 00,00,

>0

- <
002 007 007 002

2

< 0: unstable equilibrium




