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hoh‘w\hﬂ H“W with o 20- e, Hdorce i—-: M#\bt'/v'ﬂ \
& 45° gt To the floor. Whar ¢ the effective

Horce /v»wvmug, e caxt fovuwad ?
F=<a,b) |

EXAMPLE
2, p

= O‘JLEI—;;ELTNE FORCE IN PO, WPl -
/////////////

The effective force maving the cart forword 1§ Just +he

2

’}c—'comronwﬁ cr? E. LT owr o\iosﬂm»-v"‘, Yhat's

1

b

J

s |

So ook

Recall ﬁ”\’fﬂ. formulac for  +he mg\m“ Wi&-ﬂﬁle ._

; OPPOSITE ’ ~ ADJACENT
S (o) = HYPOTENUSE LR HYPOTENUSE
WLOW\(@) - Swlo) . _OPPoLTE
(os(¢) ADIACENT
Cos (45°) = implie
20 1o imp S

o= (20 lb) cos (45°) = ao[%)"’: |oﬁwm



L9, A,

Vector o\,loselora\ .

DEF. let Wiz <k Uy, Ugy and A i= <07, 4, 437 be

\r€C+Or§-, ﬂ;’v’\,al et ‘L ‘o_e a S‘Ca’(a/r (&L yyry . ﬂ_) . TL\W y

" Head - To- tarl " addition

¢ 1

N
[ 4

x

o WNhat 1< the \e'\r\ﬂ‘ﬂn of @ scalar mwiﬁ(}\e f W ?

vk | = \O‘uu Wike, ‘*\“5\ = Al G e Gkwsy + ewad® =

= N W rBG R
< \“l’\l U\?’—I-U\;Jf\/";. = \kn—\;\

—1s || s vector \cna'l"h

il . " e e e e {GL _(LA.\M'



L9, ct'd.

EXAMPLE AL oim fod, B 1 siad A= O Fi0Y . Bindl
g, p T2

() 2% ¢ 3R ) OQ"U[: <9_(_-0, 2.(%), 7/(,!)>
: = {-2,6,27
AN = <3(1),3(H), 3L
= LV, 94 07
QJA— 3N = <-.2+rz ) b+ 2| » 21077

= Clo, 27,27

(‘o) M-N = <..|—4,3-‘_f;|"°7

b

= (-9/ —1'"7

S Nk[= [ewnn] =N e = Al

t_-w
| ;ZEZ_{|
=



L9,- ct'd - \12

——

o We have no reason (yet) to belleve that vector odol '

andk Scalaxr /rmxl’ri!olicm havte  the same el

Fmeexﬁ&s that  Scalor addibionn  and mwlﬁﬁlicah;&/ﬁ

ot dwo  scalars  hanve. (eqg. — corwmm‘faﬁvijrjf agsobimﬁwﬁﬂ%

|

etc.) Bt et Check

Let = (u, y W, Wa ) i ik (AW ")"’7 )W:: <W"W1’w}’>

od Lot A,l) e TR .

() U+W = <u.w\r, y U ¥ AN )u3+/\5'3>

= <f\)'] T+ Uy Vatle ) Nz + u;) cowt

=t

—_—
= N+ W% -

3 ) i %
Se vector addn ¥ (omwmutakve.

er,) (&‘\'F)“’W = <'LL|'”\FI ,'117,1/\1'1’4,&31/\1‘37 + ’W’

U+ 0T ) (W R4 W, (Ug AR T W3

becanse scalaxr MJ-”\
i drshrrbiwtive

GSsoiahve

<’1,{,l + (W 1N\r|) Wy + (’V-11W1> Uq L’U‘gT/\/\rg) >

= e =k <N'|#W| ) Nz + My ¢ “J-ZT'W3>

= ;J, * (f\_ltfﬁ?)

| ; Ass 0CA GIWe
Co vector adA'n & sochrbmwr .



L9, ctld

' Fo e, ' I' l I
S -

£ AT = A+
(= w W
) AR - B (A )
[17 4"‘I+'5 = 5
(4) U +(-R) -3
(5) O ":“OL
(b) 1Cf. — fL
[#)  a(b®) = fab)at
| vector odd'n
T an

(9) (atb)al = ak + bx
W

Caun prove ol of Huse |
se |



3- ]_g CJf--C-\-n

T —— e e ol i L R R

nit vectors

A vectir A whose Longth g 1 ¢ o uNIT vecTop

(#)

The STANDARD  UNIT VECTORS

AL

'

(Thw ane other

LW\H' VecTors, of cou,rsf;)

A_Vuﬁ vector A can be wntten og

a LINEAR COMBINAT (o
ot the stond ard vt vectors ¢
/-_[;-«: <,u| )’LL'J—/M3>
= {007 oY 1 (o, 0,y
Uy <IrO[U> T %y, <o,1,0) + U € 0 0,17
. A
—/u,l,Jrul&afu\gk.
\/ \J
P 5 Jcomfmwl

L - ComPoheM k-boml;on &wl’“




(S
LG, et'd. %
Anit vectors in the direc'nn of other vecters.
Whenever A 0, it length |F[ #0 (wly?)
Y] _’-\j_-_._. — ‘__I_._ |4 | . __l___ ‘&F‘ -
|51 \g;w |7 )

vee. Lingh alos. voi-

ond theefore

Aive clien

EXAMPLE
4 ! P 1 13

Ty 1S A& wat vector 1 the Same
iV

W A
Fnd o

+ A % "
Wit vector U ih the came divec'nm

s +the Yeltir  foom Pr(v,000) Yo

-Pl(ga?to).
PiP2 n standad  form
= PL-P = .
U G B TR 6>=1.)
S & >0, 0-1Y = (1,0,
R R N v
- -
Y a+y = 7 - 3

A {22,177 <q__ 7
ey - 3, 3, o _
\ 7 | 3 PR E




L9, ct'd.

\ 5/ Pt ?’:3

EXAMPLE

—

oA 31-4% ¥ -
T L Y
5

If w = 31—4:} RS veloczi'{'t& vector,

0 o product of i speed  and i

~5
e/&(y\.un/l}‘

divec'n of Ol
Mmoo, |

/




L9, ctld.

[ ExAMPLE *A A5-N  weaght g sucpended by fwo wireS as
9,715 | shown, Find the dorces ﬁ and

Wires.
/_
B5©
e S (Para,lld ® C.U\Aw:\>
+E+€_ = (o|+?5 N
ciD — e .
_ Ui = R [P | sim (40°)
_I‘J_g_’f_e: s Fll and
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- |E| l(oS (56°) + \Fll s (40°) = O N
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THIS IS A SCALAR.

THIS IS WHY THE DOoT PrRODUCT IS SOMETIMES
CALLED THE SCALAR ProDUCT.

THE DOT PRODUCT OF TWO VECTORS IS A SCAIAR,
—_—

EMMOLE | <15 -2, 17 °¢-6, 2,-3) = 1 (-6)* (2D + 1(-3)
],?,'?[q

B o —& =3
= =%,
(3 esfok ) (42 0a)= ()64 500 + 1)

T -8 + %
= |.

The aung\f_ biww . two vectors i : N

S B -\ [N
9= Cos (\fa\\fﬂ)

( Aravatw | b ?I%’~9)

( both VLWW)
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A
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doa= 1)+ (2)3 ¥ ()L

-6 -4

s N T
|| = /\I 1% 4+ (-2) + (2D

'

/\] I+4 +4

NEE)

=
A/b"-lr%"'ﬂ." = /\]3(,+9+4
and |7 | =

S0 ¢= cos’| TT'): fog

[. 76 rodians 100.98°

[}E’F: Two veclors gue ORTHO GroNAL 4 they dot fm)d. NI

implies 9 = arccos ( —

> = Qrccos (9)

<g,--f7_.> ond }—\J_\"‘_: <4‘ L,7 Or-HADSOV\&Q ? @:

73(4) + (-2)(0) =

EXAMPLE | AYe W=
4, p-1lo wol

WA = L+(-2)=0.




dq |
L9, ctd. \?!

VECszor ’Pro\'}ec i‘l’ov\ :

The VECT8R PROJECN of At ONTO A (#5) is the vector

deternined lﬁ-a Amﬂ;i\aﬁ A Fe.rp@md«fcmlaf e s%jmenf Tonn

e head of U onbh A

i & TS represents a force, then prej e (W) represents 4l
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—
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E\/\AN\PLE Fflv‘{[ '{’\/\,Q '\.rec,‘ha(- f‘)mnjeclh o’f, /T/C - GJL i g;’\-rgi:

51 p.F22

=k A A A y .
ol &= - d "2k . and  find tg maﬂm’rwole.

Pl L) = ("7”? ) 7

| %"

w-a = (1) -l— 3(-2) 4—3_('-2,3 = (—( -4 = -4

2
= | 4(-2)4(2) = l+4+4= 9
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DEF. The WORK deone lab & cohstant Force

& a\icplacewm’r E is

W=F-D -

b

F achhﬁ

EXAMPLE Tf

| + 2 113

Work =

Il_;l: 40N \3\1 3 m

—

F.D

(40 N)(S nm)

WM?M{, the worle done \93 fi n O“CHV"ﬂ ‘lrlrvknvﬂ’ks

= |FIB] cos ey

cos (60°)

(40 N) (3 rm) (I/l>

O N w

= 07,

/

and b= (JOO)

gt
S e B

€ [F|Toc0 =]

T T e UL P 7¢ 4 7 1 I 7% 1 /% /v P
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I2.4. the Cross 'Proo\md,

e

DEF, The CROSS PRODUCT KA

wheae

—
M ond A

i¢ the vector

RN = (\ﬁl\?\&w%) .

is  the (unit) vector normal 4o both

‘Qhose/v\ \o(j the r‘lg\/ﬁ'— hoond rule.

THIS IS A VECTOR.,

THE CROSS PRODUCT OF TWD VECTRS \S A VECTOR,

CTH‘S IS WHY THE CRoSS PRODWCT

1S SOMET (MES
CALLED THE VECToR mwwcr.)

A
The normal vector m .

The Sfﬂ/hc‘\&,ro\“ ?rof?@\(h‘eg (COMW\U&.TﬂﬁUH’Ij, C'\.ls'tY\\o\A‘\"Wi'
etc.) Do NoT ALWAYS wold FoR cROSS PROD.
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ot o symbolic Moty Y,

Reeall 1 et ([24]) =

G\
det bl
Ci

“ cotactov

Aq

b
s

efpan Sion’

ad — be

Qs
g }
Cq

*Q, de’r([

Cross  product can be Computed ks the DETERMINANT

2 b N
€y Cq

~ @, det ((b bﬂ} .
+ a, def W;\)

The  Cross product  as

TR
det

o dtrminant ;

a7

Va

N
(Uz\f;“[}\%v}),;z T (Ugvl" ulv'b)} * (U‘V-J_—- U'LVI) \C

e

EXAMPLE

¥

(-4,3,1>

2,0,17

A

O \u
-4 3

A A
v (e a)k =AY
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| EXAMPLE Eivd

\Z!o

|
) ) |
Find & vector PerPemo\\c uwlar o the -P{mhe tha t |
COW“\'OLL%S the Fo(m'\'g P( {0, 0) ] Q ( Rl = l.) I

W(,\\, two  vectors in this Floune are PR and ]5'13

R aPo (20, 100 m0) = (1L 03,1y

I 28p = L5010, 8- = {-2,0 ¢ %%

And & vector notmal 4o both wectors PR oand pp wall i

be Q{’A‘{)&\a\f(cw\wr T the ?\aw\e Lovﬁm'tmmﬂ P, Q, 3 R.

Such o vecte E-M\Cﬂﬂ ﬁ‘*ﬁ :

N
e I L

Paq x PR =

>
i
—
3 P
|
= -—
I
-
1
e
]
ey —
|
7") p—
—ee——
Qf">
-t-

A

J
i 9. -\
-1 2

= (4= - (2-0)F + (20- 4N

= ) +O'3,+(01A¢‘

1= p—— A watd  vector L +o the P\“‘h“e ¥ a o
3_‘ N ‘
s Pa x PR ooy  Lbioby Koy < 7
|I : ‘: - ,
n lﬁ—‘ ?—"\ | {vioiwy| N Wi M_L

|



TORQUE VECTOR Whem we wse F force

o turn « bolt | applied = away
from  +he bolt's kead) ig

\;\; \ s

8>

CovaFonem " 4 T = R x

ot F in Pe/rfﬁm\(ﬁ%l&r ( {
SmB

to & ) megmitude A7 )’W ;f

Nete that +he wagnitude of T i [R]|E|cne

So we can increase the torque bg .

* Tucreasing (E l '

. Imcreoxsmg \E‘\

: Trt:)'mﬂ 1o get s (e =1, ie, @

il
all

(Aside: eyer chick o long pipe  over the end

of  a wiench o \ndP move a ctuck bolt? —

—that's  Hem (2D in the st ‘)



