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Cross Product

Cross product of two
vectorsA andB:

AxB=C
MagnitudeC=AB sind
Direction: C IS
nerpendicular to
ooth A and B




Laws of Operation for Cross
Product

e 1. Commutative law Is A
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not valid due to |
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Cartesian Formulation of Crosrs
Product

>,

A= A+ A, j+ ALk
B = B,i+ B,j+ B,k
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Moment Systems

The moment of a force about an axis (sometimes septed
as a point in a body) can be thought of as a measflithe
force’s tendency to rotate the body about the @ipoint).
The two bodies below are subjected to forces antirige
same direction.
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Moment Systems

M,=d * F
D=|r|sir® M,=rxF=|r||F|smde)
Or, 4

Where e is the unit vector normal to both r andl'b.find the
direction (and sense of e) use the right hand rule.




Moment Systems

Right Hand Rule:

1. Place the base of your right hand at the momremter.
2. Curl your fingers in the direction of the force.
3. Your thumb will point along the axis about whitie

moment acts




Moment Systems

Find the moment from the 500 Ib force around B @nd
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Moment Systems
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Moment Systems

 The moment around point B

4l 4

500 cos 307
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Moment Systems

* The mo
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Moment Systems

* 3D form

M =rxF= (.i'"xi +ryj + ral{] X (.in + .Fyi + sz} —
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Moment Systems

e 3D form

M = {r} F.::' rzﬂ* i+ (rzFx- erij + {er;J -7 F_ 1k




Moment Systems

 Example 3D

¥

i j k
M 4oTX F= £ ’“y Tz
. F, F F,
5 The force wector can be defined easily, since its location relatiee
to the pomnt of application 15 known, The procedure may be easier
gfi . .
to follow 1f a box 12 constructed around the force.
4 fi i fi
i K

400 I




Moment Systems:Example 3D

For the structure showt, determmine the moment of the 400-lb force about point 4. Since a
three-dinensional moment 13 required, the first step 15 to express both the force and posthon vectors in
tertns of their i, §, and k components. Then the cross product can be formed and the determinant

expanded, resulting i the moment about A:
¥
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Mﬂ=er
X F F F

5 The force vector can e defined easily, since its location relative
to the pomt of application 15 known. The procedure may be easter

g fi ) i
to follow 1f a box 13 constructed around the force.
The distance from B to O 1z

(32 + 52+ 4Bl =77

4 fi i fi
A The wector definmng the direction of the force 15 4i - 5j
g 3 + 3k.

Combining this with the 400 b magnitude results ina
force wector of

5
4i - 5j + 3k

L=l
400 Th
c _ 2263 ,-2829., 1697

4 [F=22€3i - 2829] +165.7K]




Moment Systems : Example 3 D

v =6i-4j+8K
i j k
v I'Iprﬁ1 =rxF= i - 4 3
2263 - 2829 1697

Expanding the determinant results in

Mﬂ = 1584 41 +792 2j - 791 .6k lb-ft

Y 4= 10i- 9 + 1%-1{

Mn Ih
Z




Moment Systems :Example 3D

i j k
M =rxF= fi - 4 3
2263 - 2829 1697

Expanding the determinant results in
I'IprJ{1 = 1584 41 +792 2§ - 791 dk  |h-ft

The moment can now be translated
To point A

7922 Ih-ft 7916 b-ft

o
1584 .4 Ib-ft

¥ gin™ 10i - 9+ 11k

Mn I
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Resultant Moment of a System
of Forces

 The resultant moment of a system of forces about
point O can be determined by vector addition of all
the moments corresponding to the different forces

> Mg, =T XF

=M XH+0LXE R XE




e The effect of F In

Moment of a Force About

tending to rotate
the body about aa’ . . a
IS given by Ma b




Moment of a Force about
ifi i nt..

M, =FxF
r : distancébetweenO andA

M, =M, cosd

u, : unit vecta definesthedirectionof &’



Moment of a Force about

If ] N
= I\Wan
=0,.(FxF)
| ] kK
= (Ul +uayj +Uu_,K) I, ry I,
F K, F
Uax uay Uy,
=|ry Iy 1
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Moment of a Force about

Ifi ] n
M, =M, * u_unit vector defines
=0, (FXF) the direction of of aa’
. axis
I ] Kk
=(U) Hl J FUK), 1y .
= £ g/ * r:position vector from
* 7 4 any point O on aa’, to
Uy Uy Uy any point A on the line
=r. 1, T, of action of the force F
F F, F




Couples

* A couple iIs a moment which results when two
force vectors of equal magnitude and opposite
direction are separated by a distance.

F

The point of application of each
force vector can be located 5
by a position vector




Couples

Takitie moments of each force about the ongin
results i a moment about that point.

Mﬂ=rﬂxF+rﬁx[—Fj={rﬂ— E]IF

Thiz equation can be rewritten in tertns of the
distatice hetween the two vectors.

r,+r =y, and

-r_= -r = ryg therefore M=rﬂf5x F.



Couples

The resultant Moment vector
must be

Perpendicular to the plane
containing

The forces and,fg

The magnitude of the moment: / 8
&

M=r g, (F) Sin8=Fd




Couples

The moment vector formed by a couple is a freearect

(it can be applied at any point). The sense oftbeent is in
Accordance with the right hand rule. A pair of aband
opposite forces on a plane, separated by a distamnEeroduce
a moment perpendicular to the plane, with a madeirgual
to the product of the force and distance.

M = lel (perpendicular
o the plane)



Couplesequivalent Couples

Equivalent couples are simple to visualize in a 3-D

model.
The resulting couple of 30 Ib. -In. for the firstse Is

equivalent to the other two.

M= 3(10) = 30 Ih-in

¥ T IME(lljanlm ¥ T Imsmnnm ¥ T ‘

10 1h

10 Th



Couples as/ectors

Couples are vectors and can be added. Consider
the two couples Fand E in the two planes.

The motment vector of the couple i3
M=rxR=rx {F1+ FE}
=rx F1 trx F2
= Ml + I'Ipr2
The conchision to he drawn from this 15 that

moments resulting from two (or more)

couples can be expressed as the wector sum
of the mdrrdual moments.

M=rxR

Mote: these
moments are
vectors.




Couplesexample

Consider the two 40 |Ib and 20 |b forces. Replaea¢sultant
moment by a force-couple system around around A.

40 1b
20 1k

4 fi

b fi




Couplesexample

Let’s concentrate on the 20 Ib. Force. We canaafddsitive

and negative 20 Ib. Force at A.

Izﬂ

Thiz combination of forces 15 a couple. It
produces a moment with a magnitude of M =
20023 =401h-ft.  Using the nght-

hand rule sigh convention, it 15 a negative
moment (M = -40k lb-ft).

s 40 Iy
=
2 fi |
Y I _ . 4 20 1h
—_ i - -
= S 20 1h Ak

L 4 fi _ 1 £t

o fit i -
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Couplesexample

Let’s concentrate on the 20 Ib. Force. We canaafddsitive

and negative 20 Ib. Force at A.

\ 40 I
20 1h
-
Y Iiﬂ
=
4 fi

Thiz combination of forces 15 a couple. It
produces a moment with a magnitude of M =
20023 =401h-ft.  Using the nght-

hand rule sigh convention, it 15 a negative
moment (M = -40k lb-ft).
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Couplesexample

Next, let’'s concentrate on the 40 |Ib. Force. Wedathe same as
What we did for the same case.

40 1k
¥ T4anlh
40 Th-ft
X 20k ¥ 2t

. =
40 1h 4 fi

o fi

¥
M =2001h-ft
A _EIII Ih

Iift
-

L
40 Ih ! 4 fit

6 fi

¥

The motnent formed by this couple 15 M =40 (4) = 160 lb-ft. It 15 in the same direction as the

moment cansed by the 20-Ih couple, and the two can be added to produce a single resultant

motment (M = -200k lh-ft).

M = 200 Ib-ft

C‘\ 20 1h
E
40 I R=4471h

8 = tan’1(40/20) = 63 4°

x



Moving a Force on a Rigid Body

F
L] (el

e ForceF can be moved to poiid without changing the
external effect on the body by applying equal ppasite
forcesF and-F at pointO.

e The two forces will introduce a momeavit=rxF

 Q:What will happen if point O is on the line of axtiof
the forceF?



Reducing Force and Morment

System

« Resultant( Equivalent)
Force:

Fr =X F
e Resultant Moment:

MRo:ZM +ZM0
=YM +>FxF




