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Lecture Overview

1.) - Rectangular Components

- Specifications of a Vector in Space

- Dot product, force components

My
2.) - Moment of a vector C\)

- Force couples

- Resultant systems
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Rectangular Components
general correlations

F, = F cos 6,
F, = F cos 0,
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Rectangular Components
general correlations

F, = F cos 6,
= COSEO)

F, = F cos 6,

=]
|

F(icos 6, + jcos 6, + kcos g,) "

)\ ADDIS ABABA UNIVERSITY Engineering Mechanics Department of
<= Faculty of Technology material by Karsten Schlesier Civil Engineering




Rectangular Components
general correlations

F, = F cos 6,
= COSEO)

F, = F cos 6,
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Specification by 2 point on the line of action

given: point A and B, magnitude F

AB z A B (xy, v, 25)

F =Fnp=F_— unit vector n ' F
AB r |
| -*”/ (29 —2q)
= F (g — xi + (g — )j + (29 — 2Pk : - A (xpypz) [ |72
\.-"I(IQ — x1}2 + {‘}’2 - _}"]]2 + (29 — 31)2 |
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Specification by 2 point on the line of action

given: point A and B, magnitude F

AB
F=Fnp,=F— unit vector n
F AB F
_ g (Xo — X1 + (yo — y)j + (29 — 29k
xe*f(:cg — :Jn:lIv2 + (yo — y]]2 + (29 — 2,)2
o _F(Xz X,) - e
* AB S
. X B
Fy :F(YLYI) Yo — V.
AB
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Specification by 2 angles which orient the
line of action

given: angle 0 and ¢, magnitude F o

F,, = Fcos ¢
F, = Fsin ¢

F, = F,, cos 6§ = F cos ¢ cos 6

- ] — - - '--‘}f
F,=F, sinfl = Fcos¢sinb p a .
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Specification by 2 angles which orient the

line of action :
|
given: angle 0 and ¢, magnitude F -
Fi: F cos ¢
F, = Fsin ¢
F, = F,, cos 6§ = Fcos ¢ cos 0
F,=F,snf =Fcos¢sinf g

Bi=ufia 4+ Ry + Bk

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |

'_ B} ADDIS ABABA UNIVERSITY Engineering Mechanics Department of
<’ Faculty of Technology material by Karsten Schlesier Civil Engineering




solving a problem:

- find appropriate coordinate system
(convenience)

- choose the most convenient
representation of the given forces
concerning further operations
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Dot Product, force components

Projection of a force (component) in any
arbitrary direction.

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |

1 } ADDIS ABABA UNIVERSITY Engineering Mechanics Department of
= Faculty of Technology material by Karsten Schlesier Civil Engineering




Recalling: Dot Product (scalar product)
Vectors A and B are 0 inclined from each other
AB= H;‘;H HﬁH cosO = A4 B cos0 result = scalar
AB=ab_+ ab, +ab,

ABg: projection of A in Ba: projection of B in
direction of B direction of A

i| cosf-A | cosh-B
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Dot Product, force components

given: vector F, n (any unit vector)

projection of F in direction of n: F 1‘1
: \
F, = F-n i 32? gl;gjlﬂ r NS e —aj‘" = (unit vector)
F, = (F'n)n vector Fn T ;— F,=¥ "
n=oa + B + yk a, B, v = direction cosines of n
F = F(li + mj + nk) 1, m,n=direction cosines of F

F, = Fn =F(la + mB + ny)

F. = F cos 0,

e.g.: component of F in x-direction (i): dot
- - O
F F product

Ny
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Dot Product, angle between any 2 vectors

given: vector P, Q

f’.é P QO cosa

a = COS E
fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
4+ Pn | |
o =CoS —— concerning a unit vector n
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

a) Determine the x, y and z components of F
F=100N

Z

4
|

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |

-»__; ADDIS ABABA UNIVERSITY Engineering Mechanics Department of
<=’ Faculty of Technology material by Karsten Schlesier Civil Engineering




example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

a) Determine the x, y and z components of F

F=100N

—

F=Fi,=100 i,

- 04 (3T+43+512)

Nou =0 =TT 7 =
OA 32 +4%+5

=10 374 474 5K)

J50

F=42.4i+56.6]+70.7k N

|F. =424 N F,=56.6 N F =707 N|
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

b) Determine the projection Fxy of F on the x-y plane
F=100N

Z

4
|
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

b) Determine the projection Fxy of F on the x-y plane

F,=Fcosl

I
1
|

2 2 F,
cosl_ = V3 +4 =0.707

- V32442452

[F, =100-0.707 N=70.7 N

H}""—kﬂ/

X —
—
T
—
T—

~Xx
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

c) Determine the projection Fos of F along the line OB
F=100N

Z

4
|
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

c) Determine the projection Fos of F along the line OB \

F,,=Fn,, |F=424i+56.6j+70.7k N

B OB B (61 + 6] +2k)
OB 6”16 +2
i, =0.6681 +0.668] +0.229k

n OB

F,,=Fn,,
= (42.4i + 56.6j + 70.7k)-(0.688i + 0.688) + 0.229K)
= (42.4)(0.688) + (56.6)(0.688) + (70.7)(0.229)

= 844 N
fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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example 2.5 (from meriam textbook, s.p. 2/9)

A force F with a magnitude of 100 N is applied at the origin O of the axes
X-y-z as shown. The line of action of F passes through point A.

c) Determine the projection Fos of F along the line OB

F,,=Fn,, |F=424i+56.6j+70.7k N

B OB B (61 + 6] +2k)
OB 6”16 +2
i, =0.6681 +0.668] +0.229k

n OB

If we wish to express the projection as a vector, we write
Fop = F'npgnpp
= 84.4(0.6881 + 0.688j + 0.229k)
= H8.1i + 58.1j + 19.35k N
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Lecture Overview

1.) - Rectangular Components

- Specifications of a Vector in Space

- Dot product
2.) - Moment of a vector

- Force couples

- Resultant systems
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Recalling: Moment - Cross Product (vector product)

Moment of a vector V about any point 0

r is a position vector from reference point 0 to any point on the
line of action of vector F.

—

M, = FxF =[] [F] sind

1 ] k
Mysr, 1, T,
F. F, F
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Moment of a vector 3D
given: rigid body, force F and line of action, any point O,
vectorr

Mﬂ = Fd moment of Fn about point O
(r sin a)F

Mp=r XF| (Fxr=-My

i j k
determinant
My = |, 2 L form
FE

My = (nF, — r,F)i +
+ F, — rF)j + nF, — r,Fok P
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Moment of a vector — rectangular components

i J k| My,=@F, - rF)i+
Mo= | 1y T, + (Fy — r ) + (rF, — r,Fok
e S

Recalling Varignon’s
Theorem:

ryl, — r.F)
y r 'y — 1k,
M, =rF, —r/F,

=r X 2ZF

< =
Il I
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Moment about an arbitrary axis

M, = (r x F-n)n ’

cross product = Mo __ dot product

.............................................

ry Ty T,
M, = M, = |F, F, F,
H B T fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |

where «a, B, y are the direction cosines of the unit vector n
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Moment — force couples 3D

given: force couple at distance d, point O

M

I

I'AXF+I'BX{—'F) ,”/

I

(I'A — PB) X F

M=rxF
M = Fd
fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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Moment — force couples 3D

replacing a force by an equivalent force-couple system
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example 2.6 (from meriam textbook, s.p. 2/10)

A tension T of magnitude of 10 kN is applied to the cable attached to the
top A of the rigid mast and secured to the ground at B.

Determine the moment Mz of T about the z- axis.

Solution 1: finding z-component of Mo
(by cross and dot product)

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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example 2.6 (from meriam textbook, s.p. 2/10)

A tension T of magnitude of 10 kN is applied to the cable attached to the
top A of the rigid mast and secured to the ground at B.

Determine the moment Mz of T about the z- axis.

Solution 1: finding z-component of Mo

12i — 15§ + 9k ]
J(12)2 + (=152 + (9)2
= 10(0.5661 — 0.707) + 0.424k) kN

My = r XT] r = 15j cross product

M, = 155 X 10(0.5661 — 0.7075 + 0.424k)
150(—0.566k + 0.424i) kN -m

Il

M, = M,y -k  dot product
M, = 150(—0.566k + 0.424i)-k = —84.9 kN'm

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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example 2.6 (from meriam textbook, s.p. 2/10)

A tension T of magnitude of 10 kN is applied to the cable attached to the
top A of the rigid mast and secured to the ground at B.

Determine the moment Mz of T about the z- axis.

Solution 2: finding Mz by Tx, Ty and Tz components
J.’

-
z -
o \ X
g 12m ~- 9m
B
fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
() ADDIS ABABA UNIVERSITY Engineering Mechanics Department of
<= Faculty of Technology material by Karsten Schlesier Civil Engineering



example 2.6 (from meriam textbook, s.p. 2/10)

A tension T of magnitude of 10 kN is applied to the cable attached to the
top A of the rigid mast and secured to the ground at B.

Determine the moment Mz of T about the z- axis.

Solution 2: finding Mz by Tx, Ty and Tz components

Ty has no arm about the z-axis!
Tz can not cause a moment about the z-axis!

T =Tcos0, )
cosf,. = 12/./92 + 122 + 152 = 0.566
T'. = 10(0.566) = 5.66 kN

MZ — Txdx ~
£
M, = 5.66(15) = 84.9 kN-m
fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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Lecture Overview

1.) - Rectangular Components

- Specifications of a Vector in Space

- Dot product

2.) - Moment of a vector A L

- Force couples
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Resultants — 3D - moment as a vector
R=F, + F, + F, + -+ = 5F
M=M;, + M, + Mg + -+ = 2(r X F)
R =l NS E R =S
R = J/(SF,)? + CF,)? + (SF,)*
M,=23rxF), M=3(rxF), M=2rxF),
M=JM2+M?2+M,?

fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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Wrench Resultant

When the resultant couple vector M is parallel to the resultant
force R, the system is called a wrench.

Positive wrench Negative wrench
exam ple : Screw d river fig by J.L. Meriam, L.G. Kraige, Engineering Mechanics |
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Wrench Resultant

A given force system can be represented by a wrench applied
along a unique line of action.
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