Wednesday, August 26, 2009

Chapter 2: Statics of Particles

2.1 - 2.3 Forces as Vectors & Resultants

¢ Forces are drawn as directed arrows. The length of the arrow represents the magnitude of the
force and the arrow shows its direction. Forces on rigid bodies further have a line of action.

F —‘_
/ .

¢ Forces (and in general all vectors) follow the parallelogram law of vector addition. In fact,
vectors are defined as quantities that follow the parallelogram law.

R
Q

R=P+Q

P

e Vector addition is represented by the same symbol +
The meaning of plus will be clear from the context it is used in.

Note:

Vector addition is independent of any chosen coordinate system. F
Two vectors are equal if they have the same magnitude and direction.

F'

The negative of a vector F is simply -F denoted by arrow of the same size in the opposite direction.

F+(F)=0
F/
/ -F
-F
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2.4-2.5 Addition of Vectors, Force resultants

o Vector Addition Parallelogram law:
= Commutative _property

P+Q = Q+P = R

o Vector Addition Triangle law (tip-to-tail):
Derives from the parallelogram law.

Alternatively
o Subtraction of a vector from another vector:
(Addition of the negative vector)

P-Q = P+(-Q

¢ Addition of multiple vectors
= Associative property
P+Q+S = (P+Q)+S = P+(Q+S) = S+Q+P
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Alternatively

(RV)

¢ Using tip-to-tail rule (Polygon Law): S

Q P
5

Compare 1, 2 and 3.

1

o Product of a scalar & a vector
"Scales" the length of the vector.

F

. 2F 2r
%E = VAR 15 b
scalar vector
Similarly '

15 F
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CE 297 Useful Triconometric Relationships

Sine and Cosine Laws

S Aa Whihe sin(a) _sin(b) _sin(c)
C. / 9 2y A B C
: (i _ Cosine Law:
/~. e I
b o " 5 s )

/ v A =B +C" -2xBxCxcos(a)
.‘ B*=A*+C*-2xAxCxcos(b)
gl C*=A?+B?-2xAxBxcos(c)

Rectangular Components
=)
p
[72]
Q
o
A —
B B L Tan(a) = Fy/Fx
y 3
g Tan(B) = Fx/Fy
A w2
AN

£ \ &8
o Il

\ |— >

=

X

Fx=F Cos(a) =F Sin ()

Sine and Cosine of a Sum of Angles

Sin(A + B) = Sin(A)Cos(B) + Sin(B)Cos(A)

Cos(A £ B) = Cos(A)Cos(B) ¥ Sin(A)Sin(B)
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Examples

¢ Read Example 2.1 in book.

o Exercise 2.1

Using trigonometry

Lw\jﬁw A= b (M/rvk/\DVu‘Vv)
Ayﬁta x %AC wibv vertical
(Ul//\kam)w*r\)
LMJ'b\) AB < c = | 7.9 N
Uwgﬁv BC= a = 75 N

Using the cosine Law :-

2

bg drct — 2ac o B

P=75N
Q=125N

Determine the resultant using

(1) Parallelogram Law,

(2) Triangle Rule,
(3) Trigonometry.

= 75541257 - 2x7T5% 125 e (125)

solving:

)

179 N
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Now using Sine Law:

B _ A A 00n G
b Qv ¢

s (125) M> _ i (20t

1\

U 75 |25
= o (204) = 125, oim (1290 = 05729
728162
= 20t = m"(o-mzlﬂ):%-‘?z‘f‘?
= L= 149147 157
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2.6 Resolving Forces into Components

e Reverse process of vector addition. Split a force into two (or more) components.

F = P+Q
GivenF, Find Pand Q?

Many Possibilities

e Special cases:
= One component (say P) is known:

= The line of action of both components is known
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Example 2.2 in book:

A
;
B 30°
2 > 5000 1b
o
2
© (1) If o=45°, then find T1 and T2

(2) The value of o for which T2 is minimum.

T9.-b = L,Siwga 26%0%.

A

2

T=C- 5000 %glzb"): 43 30 b

T.=b= S000 W(:Sb\) = 92500

(i, T2)

In class exercise.
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2.7 Rectangular Components of Vectors; Unit vectors

¢ For ease in mathematical manipulation, forces (and vectors) can be resolved into rectangular components
along predefined x, y (and z) directions.

Yy
F
FyA
”
X
Fy
F = F+F =  FutFy

¢ One can choose any coordinate system [O, i, j, k] and resolve forces and vectors along these directions.

i, j, (and k) are unit vectors.
J (magnitude =1)

Ov

Note:
i'= cosOi+sind j i’ cos®  sin@ i
j'=-sin0i+cosO j j'| = | -sin®  cosO j

Useful in converting one coordinate system to another.

¢ Using the unit vectors:

y
F F FX = Fx i
v\ o
N
< Vector/ / Unit Vector (Direction)
Scalar (Magnitude)
o
= X
Fx Fx=F cosb
Fy=F sin6
F o= F+F = Fi+Fj
Examples

¢ Read examples 1, 2 & 3 in section 2.7 of the book.
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e Exercise 2.21 Conygnte Comparies, inc forreproducton rcispay

y
Determine the x, y components of the 3 forces.
<—800‘—‘
() F = %OO N Dimensions —
in mm 300 N // T
600
(0]
9, T
424 N 108 N
Note:
ten, a = £00 _ 3 900
Qoo 4 ; \
// \\
> <5601
F% = Feeg 9' | 560 480—]
- @0 x 4 . |640N
F\/ = F Arvy 9,
- ¢ <D - 420 N ,
F = C40 ¢ + 4%0 j N
- = v 9'
GHON
Similarly solve for the other two forces.
.. . FV l:|
2. 8 Addition of forces in x-y components F n —_
o3 2y
e The vector sum of two or more forces can be obtained by N
= Resolving each force into x-y components Fy_;c s
= Simply adding the individual components F <. F
3x 2 1%

F=FH+FE+ F

r = Q:‘x + Fox F?;x 0 Fav
GE: hy t F3>’>J —
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<
g
~(
)M

b &
where -
Fax] |
Fo= Bt Pyt Fax Fax Fav F.
J - Lix
o= Py + Py +hy
4
B
Example
¢ Read example 2.3 in book.
° ExerCise 2'36 Co ht © The McGraw-Hill Cc Inc. Pe d for di displz
Tension in BC =725 N. ~—— 840 mm ——
Determine the resultant of the 3 forces at B. L AC
N
\l =1160 mm
Fq, -//7 25N 800 mm \
- N
\\\
R
O — \@B 13
) A 5N
o ! 54 12 ™
£ /3 780 N
=z SO0 N 7
;F:)) go N 500 N
Note: s 91 = E_ 5 RS 9) = _Q‘.
(3 I3
siw 6, = Goo ;5 =S @1:_%1'1—0_
1160 l60
G4 ; wse 3
5 5
F\x; F\ Cogs @) = 7¢0 x1Z _ 720 N
13
Fy=()E sin® =-7g0x 5 - -306 N
)
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Fax =0F, hs©, = -7256x 810 - - 525N

1€

Fay= F, 4on ©, - T725% o~ 500 N
1166

%7(:(") FS c,os’e&;amxg = =300 N

Fay = (=) Fy 0in®y = - Soox 4 - —4oo N
5

Thus the resultant is:

F = (720-525 -300) | + <’300+5°0”“°°)J

—

F = -105 ) -200 ; N
- = -105

~2.00

Ty

2.9-2.11 Equilibrium of a Particle; Free Body Diagrams

o [f the resultant of all the forces acting on a particle is zero, the particle is said to be in equilibrium.

e Recall, Newton's 1st Law.
¢ Choose the particle judiciously.

e FREE BODY DIAGRAMS
= A diagram showing all the forces acting on a particle or an object.
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In 2 dimensions, we have two equations of equilibrium, thus
the maximum number of unknowns we can solve for is two.

Examples:
¢ Unloading a truck.

T
\/ -

T
(

736 N

/. i M 75 /qﬁ, (b) Free-body diagram (c) Force tr;ang]e
l =|HeON
W=15%x-8 =T34 N The = 7%%) 73 swlie) =l
Tw- 138 sin(69) 647w

/a/m(b)

¢ Read Examples 2.4, 2.5 and 2.6 in book.

o Exercise 2.46:
Determine Tac and Tsc

200 kg
W= 200%x9-8)
z 1962 N

y
1A62 N

Te = ng m(g) 586.3604 o~ | B5Q4 N
60

Toe = 1UZ  gin(05)- 283 = | 2188 N

a6
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Pulleys

T
T
¢ The tension on both sides of a frictionless pulley is the
same (under Equilibrium).
T
T T T

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display

e Exercise 2.65

ﬁc 20°

Find P for equilibrium.

We wave to consider the free body diagrams of all the

"particles" in the system here. ,”
> /f?.
¢ 20
4
160 kg
= Fx=0 p
7] 160 kg 2 ) Peosot +2 Poos(70)=0

= Ctnd = 2004(;7—0")

;\/I; lQqugl ‘;7 X = Lté@Lfo

=F, =0

= -Wt PWOC—}?.PMGLOy:O

= P =_ W

(e +2 m(—}@))

= p. 6ol 6486

CE297-FA09-Ch2 Page 14
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2.12 - 2.14 Forces (and Vectors) in 3-Dimensional Space

Copyright © The McGraw-} ies, Inc, Parmission require: ton or display

Yy

B

Unit vectors in space.

scalar

F=F i+F j+FKk / Unit vector

| F-fit Fj+ Rk

(a)
— — ~—

A force in 3-dimensional space can be represented with F‘
the angles ¢ and 0 that it makes with the x-axis and the FX Fy Z\
vertical axis respectively. - -
P Y Vector
Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display Copyright ® The McGraw-Hill Companies, Inc. Permission required for reproduction or display
y Yy

o
x
(b) * Resolve Fy, into
- rectangular components

* Resolve F into gul L

horizontal and vertical Fy = Fj, cosg

components. = Fsin@), cosg

= Fron

Fp=Fsing, =Fsin®, sing

Note:
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J 3
Example: @ 0— = 10,\!)
Consider the force shown: 30°
K= Fodo = loxy3 N b
2 F_ 4150 2’
— KA. - L2
2 Z K
oz Fomd’= 5N f
Trwa _ °_ _ 354 N .
Fo 2 P ami5° 2 Sxl - 359N = = %64 k N
Y2 - -
Direction Cosines
y y Yy
B B B
A , /A A
: /A B\ /A ——> A
& F \ 0, k) o Y\ F - ole=7 2 \
‘ F. “/D x i F, /D x B, i F, "D x
/ E c / E C / E G
(@) : b) : ©
F= F cn b,
2 2 2_@ _ 1
Coo 9)( -+ Cod a/ + 03N z F\/ = F co ey
Fz = Fco €
Example:
For the example shown above in figure 1:
ce3 9}( = _FK_ = Z)’ﬁ :‘7 ex = GQ'SO
F 10
0By = K _ %kt o | By= 3D
= o
>0z = Fz - 394 o | 8= 617
F 10
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General 3-dimensional Unit Vector

A general 3-D unit vector can be used to represent the line of action of a 3-D force.

A= cosbBxi + cosBy j + cosBzk

F A
::FZ\_

\'T'\uj

Example
For the example in figure 1:
A =0354i + 0866 j + 0354k
F=10 A N

Addition of forces (vectors) in 3-D space
Simply add the x, y, and z components.

R = XF .

2.15 Equilibrium of Particles in 3D Space

Note:
3 Independent equations. Thus 3 unknowns can be solved for.

Copyright @ The McGraw-Hill C , Inc. ission required for or display

e Example 2.7 in book

Tersion, nm ware = 2500 N
Fordo
F, %y, B2 ok A
ol O, Oy, Oz .

§0
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_@PPWW\/:
If Wi, k#wuo Mo,

Y
“ivection” of F,wt A
o 7&“"’0() R By, P2 go™ A
Diveotion, <> Unit \/ec)borfz
A %
A =740 L 180 20K m s o

|Al= A = JEAS+HO + (30)”

zZ
= 9434 pn
= UV\;\tVCQfGo'Y
A=A - Ao+ 80 3Dk
A 34-34 Q4-3h = Qe 34
S A= —0429 ) ¢ 0-8ub ; + 0-31¢ k
Recotd
F=FA = 2500 (Z\) N
F = —-l060 v +2I120 ; +795 & N
— \— — ~—
F)‘ F7 [:Z
Aao ~vecodl
v A= 0L+ otut o+ 03MEK
cos Oy Cos Oy Cos B2
5 8= ot (-otay) = NS E A
v = oyt (08H8) = 32° 6
o - '\ef
@'-Z = CO_,J/’ [0‘?)lg> = 7['5 o oy A X
Fz
z
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v
M

>F
Free body diagram of point O:
&
A Y -
= Nebe : B
0 x* ()_1 = )) b)
= T E‘_?,
Vag(N F'
ﬁ: “LI_Q'VZJ +3Em
;7[0A, =J’12+32+32 = 583 m
- _ 0A. A v 2 i+ 35k
= Uik vty é' — 547 5.2% Q 542

|0A]
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= %Z’E: :ii’,'f,%__()"_/z L
|08\ 5.9% 582~ 583
ond
oC = %4 ¢+ BJ v
> 23 = 0% | + oAJ
qu? Ex\:fvr(‘/bv\é e;;/umwmy posnb 0~
=F=0
=
Tj<”Lf )..]_ T?.(’—Cf >.,g- E(O'%):D — O
582 582
ZFy =0 B
= il <—§3ﬁ\>+ }Q_C_E%Da- Tg (0-6} - 9%) =0 ___@
2Fe=0
7 ’W(’5>+Tz<f%>=o = | T, =T,
583 552
Fvoary @‘,”
= 2[5 = T, = 053 T
T3 = <~5__%3> =7 ] CIRE

SAMMMZY /(}\7&@:~

Ty = 7 SN

\l\/

Ty [ 0582 .2+ 0583 (3 4 o-é> = A3
5-%% 539

T A forer F=2%s ¢ N

-_—
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In Class Assignment 2:

Side View: Top View:
@
“T—= IOON
A
4 IQ )
N o = 12D
A
B
G
Find:
(i) Is the pole OD in "tension" or "compression".
(i) Magnitude of the force in the pole OD.
Consider point O: C
A
A C
. Fatn
W
g %<
B
) y
| B Py tEay
KY

Resolving the 3 forces into "vertical" and "horizontal"

Choose X, y, z such that "y" is vertical; and components, rather than x, y, z.
Fun is in the (-) "x" direction.
Note: Each of the 3 triangles will be "similar".

This is an arbitrary choice. You may
choose a different x, y, z, and the result

will be the same.
- i FBY é‘j\/:«o
ly T2y T _
- . = F,Y—I—FZ\/—E%\/%C/O
= - %Od N
= = C= 2“!0(} N

==,

Flh = lem = FS»V =
~ o N (mngriedd
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On the x-z plane:

Fa,
, ZF -0
Ve s ) lo’)-0
< = = -Lo + L0 cosED + 40 skl /=
P '2% socfred
< T2n = by =0
= 60 0in(60) - 40 am (D) =0
/W %Wﬁ‘%[
c - 200N
G = 2. 4o N
Free body diagram of the pole:

v
J =7 Wow
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