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Drexeal

2.5 Resolution of A Force into Components
(Parallelograms and Laws of Sines and Cosines)

p=a+f y=r-a-f=r-9¢
B R

Law of Sines: — = — = —
sinae sSIng siny
_I_ - -
e > PELLLY S S
=C+D siny siny




Q@ MEM202 Engineering Mechanics - Statics
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2.5 Resolution of A Force into Components
(Parallelograms and Laws of Sines and Cosines - Examples)

Resolve 900 N into u- and v-components as shown

) i F, _ F 900
y 1 o ' sin45  sin25°  sin110°
F = QOf)sm 45 _ 677N
sin110°
S F - 90_05|n 25 _ 405N
x K sin110°

F,=F?+R?—2F,Rcos38 =8181h

A
: S 20 _ 818 o —sin?[ 2sin3s |=10.85°
FE / sing  sin38° 818

Homework: Problems 2-31, 2-33, 2-37, 2-40
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2.6 Rectangular Components of A Force

Two Dimensions

i = A unit vector in x - direction

7 = A unit vector in y - direction

F_= F cos@ : x scalar component of F

F,=Fsin@ : yscalar component of ¥

F=Fi+F,j=(FcosO)i +(Fsing)j

F
0 =tan" =
FX
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2.6 Rectangular Components of A Force

Two Dimensions - Example

¥ )

F,=3001b |
____________ F,
F4 |
X . t X
|
F,=3251b g Bﬁk*;'.e--_4.&Fﬂgﬁ;&i’é@:&r}}:ﬁ&:ﬂ&ﬂ}?&-1| X
F,
: 12 o , =25
Determine the x 0, =tan "2 =33.69
and y scalar F, = F,cos6, F, =F,cosb,
components for the ~300c0s33.69° =250Ib  =325c0s(— 25" )=2951b
two forces shown. . :
F, = FsIing, F,, = F,sIing,
= 300sin33.69° =166.41b = 325sin(-25")=—137.41b
F, =250/ +166.4 F, =295 —137.4;
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2.6 Rectangular Components of A Force

Two Dimensions

Y
. . F F = ‘17“‘ = \/Ff + F? : Magnitude of F
F,=Fjt 7 | 3 _ | o .
0, ¢, : A unit vector in the direction of F
e | . F - F . . B}
J 4 o 0, €, =—>i +—j =C080,i +C0S0 j
= > X F F
s F =Fi
x x F F
_ - l . 0. = COSl(—xj (9y — Cosl(_yj
F=Fi+Fj=Fe, F F

F:Fx;‘Fij:FéF Fx:FCOSQx:FCOSQ

:FCQSQZ_FFSing' Fy:Fcosey:Fcos(%—Hj:FsinH
= Fc0s0,i + Fcosd, j
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2.6 Rectangular Components of A Force
Two Dimensions - Example

¥ B,

F,=3001b

I
|
|
I
|
|
|
|

F,=3251b

e

Fl.x‘

Determine the x 6. =3369° 6, =5631" 6, =-25 6, =90 —(-25)=115
and y scalar F, =F,cos6, =2501b F, =F,cos6, =295Ib

components forthe £ = Fcosd, =166.41b  F,, = F,cosd,, = -137.41b

two forces shown. . - - . - -
e =C0S6h i +C0Sb,j e =C0S6, i +C0S0, |

=0.832/ +0.555; =0.906/ —0.423;
Fy = Fé, =250i +166.4]  F,=F,¢, =295 —137.4;
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2.6 Rectangular Components of A Force

z Three Dimensions
F z “ - ﬁ =F x; + FJ’ ] t F;]; - FéF
-1
J F =Fcosf. 6 =cos | —=
Z F
F
B 0, F =Fcosf 6 =cos?| —
(9x éF Fy y y y y .
AN F.=Fcos6, 0.=cos™| s

x/ ) F=\[F!+F!+F}
F : Magnitude of F

: . F - F . F -
F_,F,, F:Scalar components R G B
F F F

=C0s0,i +c0s0,j +CcosOk

é, - A unit vector along F

6.,0,,6.: Angles between F and
positive coordinate axes NOTE : cos 6, +cos* 6, +cos* 6, =1
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2.6 Rectangular Components of A Force
Three Dimensions - Example

F.=Fcosd. =1500cos72.0" =464 Ib
poison 1, = Fcosd, =1,500c0s31.6" =1,2781b
F. =Fcoséd. =1500c0s65.0° =634 Ib

F=\F?+F?+F? =15001b

e, =C086.i +C0S0, j+COoSO k

=0.3090; +0.8517 + 4226k

F=Fi+F,j+Fk=Fé =464 +1278] + 634k Ib
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2.6 Rectangular Components of A Force
Three Dimensions - Example

d=+(=3F +(=2) +(2f =4.123m

6. =cos* = = cos™ =136.7°
d 23

0 =costL =cos™ 2 ~119.0°
Y d 4,123

j!

6. =cos* = = cos™ 2 _61.0
d 4.123

F._=Fcosd, =50c0s136.7° = —-36.4 kN
F,=Fcos6d, =50c0s119.0" = -24.3 kN

F. =Fcosf. =50c0s61.0° =24.3kN

F=Fi+F,j+Fk=-36.4i —-24.3j +24.3k Ib
g
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2.6 Rectangular Components of A Force
Alternative Method: Azimuth and Elevation Angles

Z
Ft @ : Azimuth Angle
L F ¢ . Elevation Angle
i F,, =FC0s¢
’ .y . =Fsing
F. /49/’ F.=F_cos@=Fcosgcosd

F. : :
x/ Y F,=F,sin@ = Fcosgsing
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2.6 Rectangular Components of A Force
Alternative Method: Azimuth and Elevation Angles — Example

Z

1 F,=54851b

-

~_F=7501b

2 ’;:3\\1
ME,=51151

0=56" ¢=47
F, =Fcos¢g=1750cos4/" =512Ib F =Fsing=730sin47" =5491b
F . =F,cosf =512c0s56" =2861b F, =F,_sinf=>512sin56" =424 1b

F=Fi+F,j+Fk=286i +424] +549% Ib
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2.6 Rectangular Components of A Force
A Force Defined by Two Points, A(x,, y,, z,) and B(xz, v, z5)

VA
A F:\/(xB_xA)2+(yB_yA)2+(ZB_ZA)2

é, =C0s0,i +c0s0, j+Ccosbk

A

FoB cosd, = xB 2 -
A/ \/XB—XA J’B J’A) (ZB_ZA)
| Ve~ V4
z, 2, cosd, =
: : —> y ' \/(xB_xA)2+(yB_yA)2+(ZB_ZA)2
v e cosd, = ZB <
--------------- y B' \/ xB xA yB yA) (ZB o ZA )2

F =Fcosf. =x;—x,
= F,=Fcosb,=y,-y,
F. =FcosO. =z,—z,
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2.6 Rectangular Components of A Force
A Force Defined by Two Points, A(x,, y,, z,) and B(xz, v, zz) - Example

| x,=250mm y,=350mm z,=400mm
X, =475mm y,=750mm z, =500 mm

cos . = e 7 _ =0.3907
\/(xB_xA) +(yB_yA) +(ZB_ZA)

4 c0s0, = y — _ =0.8930
400 mm| F = 1000 N \/ xB xA J’A) ( Zp _ZA)
Zp —Zy

|7 1500 mi ,  cosO, = 2 2 — = 0.2233
_J.-'r
ij)mm 23(]I:‘ﬂm/£75mm \/(XB_XA) +(yB_yA) +(ZB_ZA)
X i et s
750 mm - F = FCOSQx =391 N

F,=Fcos¢, =893N
F. =Fcosf, =223N

F=Fi+F,j+Fk=391 +893j +223k Ib
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2.6 Rectangular Components of A Force
A Force Defined by Two Points, A(x,, y,, z,) and B(xz, v, z5)

If 4 isat origin,x,=y,=z,=0

F_=Fcosf. =ux,
F,=Fcosf, =y,
F . =Fcosf, =z,

Fz\/)cf?+yz+zjzB

é, =C0S0,i +C0S0, ] +CosO.k

_ Xp
cos@x—\/ ——
Xp+ Vg + 2,

cosf = Vs

yo 2 2 2
\/XB+yB+ZB
Zp

Cosd, = —
\/xB+yB+ZB
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2.6 Rectangular Components of A Force
Along an arbitrary direction n

N F = Fe. ¢, :Directionof n
F F,=F-é =Fé. ¢ =F(¢,)
a - _’n _ Fn é’n _ (_) . "n )gn — F(é’F é’n )é’n
= ey
e >V .
F-é =(F)1)cosa =F,
X = a =C0S" € _ cos ™ L
F
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2.6 Rectangular Components of A Force

Along an arbitrary direction n - Example
Determine the rectangular scalar component ', of F along line 04

F =218 +436j + 873k Ib F =Fé, = 218i +436 + 873k Ib

F =+/(218) + (436} + (873)* =1,000 Ib
__ —3i+5j+2k
J(=3F +(5) +(2f

=—0.4867; +0.8112j + 0.3245k

—F.¢
(2181 +436 +873k ). (- 0.48677 +0.8112 +0.3245% )
= (218)(— 0.4867)+(436)(0.8112)+(873)(0.3245) =531 1b
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2.7 Resultants by Rectangular Components
Example

z s __ 3-25/+35k
JBY +(-2.5) +(3.5)

= 0.5721i —0.4767 ] +0.6674k
. —3/ —45/ +3.5k
“ T JCaF +(C45F +(35)

— —0.4657; —0.6985 + 0.5433k
5 _ 3 +5/ + 4k

@) +(5) +(4Y

=0.4243{ +0.7071; + 0.5657k

F,=F@&,=16.972i +28.284 +22.628k = F, i + F, ] + F, k Kip
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2.7 Resultants by Rectangular Components
Example

11.4427 —9.534 ] +13.348k kip
~13.971i —20.955 +16.299% Kip
16.972i +28.284 ] +22.628k kip

= P].el =
= erz =

:Fée:g:

w

R=Ri+R j+Rk
=CEF+ R +(EER

—14.443] —2.205; +52.275k kip

R =R’ + R’ + R? =54.3kip

R
T 2=923 6 :cos‘lljg =15.6°
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Concurrent Force Systems — A Summary (2-D)

. Rectangular Components

. F Y F,
F4\ F4Q|‘ 1y
F, = = F, - > »
—»3 —-3x - F4x FZx F;lx
R=Ri+Rj=0
R:ZF:E+FZ+E+F4:O Rx:F;.x+F2x+Féx+F4x:O _

ot

Parallelogram and R, =F, +F, +F +F, =0 F2y F,

Laws of Sines and Cosines - .
f N N Vector Addition E
1
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Concurrent Force Systems — A Summary (3-D)
Rectangular Components

Forces in components Magnitude and direction
F = le;JrFly]JrFlZ;; gf the resultant
F,=F,i+F, j+F,k R=Re,

' R=|R*+R*+R’
F,=F,i+F, j+Fk é, =C0s0,i +C0s0, ] +Cosb.k
Resultant in components LR F
e 0. = =Cos™ LE
R=Ri+Ri+R.i R R

— — R F
Rx F;.x+F2x+ +E1x ZFx 9 —COS_l—y—COS_lZ Y

_ _ g R R
R =F, +F, +-+F,=>F
RZ:F;.Z+FZZ+...+FI’IZ:ZF; 92_




