| was only a scalar

until you came along
and gave me

direction!!

Vector Review

* Quantities that have both size (magnitude) and
direction, are called VECTORS, and can be
represented by arrows.

« Quantities that are just numbers without any direction,
such as mass, distance, tife, or temperature, are called
SCALARS.

« To add vectors graphically

— the length of a vector should be proportional to the magnitude of
the quantity being represented.

— head of the arrow shows directon
— Tip-to-tail method

Applet: Vector Addition
Tip-to-Tail Method

Suggestions for use:
You can drag the arrows around by grabbing their centers

You can resize the arrows and change their dircctions by srabbing their tips:
When you have properly added or subtracted A and B, the sum and difference vectors will appear

Link:

http:/iwww lon-capa.org/zmmp/kap3/cd052a.htm

Addition of five vectors:

A,lBQL/E

D

D

A+B+C+D+E |D+E+A+B+C|C+B+A+D+E

—

“Tzil"j( %‘"Head"

ATl vectors have o
head and a tail.

Applet: Vector Addition
Tip-to-Tail Method

A=26.1 at 0.0° B=180 at 90.0° A+B=317 at 345°
Ax=261,Ay=00 Bx=00 ,By=180 Sx=261, Sy=180

A=26.1 at 00° B=180 at 90.0°
Ax=261,Ay=00 Bx=00 ,By=180

Link: http://surendranath.org/Applets/Math/VectorAddition/VectorAdditionApplet.htm|

Applet: Vector Addition
Completing the Parallelogram

A=26.1 at 00° B=180 at 90.0° A+B=317 at 345"
Ax=261,Ay=00 Bx=00 ,By=180 Sx=261, Sy=180
A=26.1 at 00° B=180 at 90.0°
Ax=261,Ay=00 Bx=00 ,By=180
Link: http://surendranath.ora/Applets/Math/VectorAddition/VectorAdditionApplet.htm|




Determining Resultant Magnitude and
Direction of Vectors at Right angles

« Initially, we found the magnitude and direction of
a resultant graphically.

« With this approach, the accuracy of the answer
depends on how carefully the diagram is drawn
and measured.

¢ A simpler method uses the Pythagorean
theorem and the tangent function.

Determining Resultant Magnitude and
Direction of Vectors at Right angles

¢ Use the Pythagorean theorem to find the
magnitude of the resultant vector.

* The Pythagorean theorem states that for any
right triangle, the square of the hypotenuse (the
side opposite the right angle) equals the sum of
the squares of the other two sides, or legs.

(hypotenuse)” = (leg 1)° + (leg 2)*

¢’ =a’+b’

Determining Resultant Magnitude and
Direction of Vectors at Right angles

* Use the tangent function to find the direction of the
resultant vector.

« For any right triangle, the tangent of an angle is defined
as the ratio of the opposite and adjacent legs .

Hypotenuse o it
opposite leg pposite
tangent of angle g = m 2 [

Adjacent

« use the inverse tangent to find the angle of the resultant
vector

., opposite
adjacent

=tan

Determining Resultant Magnitude and
Direction of Vectors at Right angles

« The direction of a vector is stated in terms of North,
South, East, and West

« the tail of the vector is at the origin of the coordinate
system

* Measure the angle from either of the axes

Direction = 20.0 degrees NofE | Direction=70.0 degrees E of N

Direction = 0.0 degrees  of W | Direction = 30.0 degrees W of §

http:/fid.mind.

Components of a Vector

« Often we need to change a single vector into an
equivalent set of two component vectors at right angles

to each other VELOCITY
OF BALL —
* Vector resolution is the VERTICAL -
process of resolving a B?AV"E‘E%NCEINTTY
vector into components
« Any vector can be ’
resolved into an infinite A HORIZONTAL
COMPONENT OF

number of vector pairs viLOCTTY

Components of a Vector

ty We select pairs at 90° to each other
(mutually perpendicular)
One is parallel to the x-axis, the other
parallel to the y-axis
AL The original vector (A) is the
- A hypotenuse of a right triangle
A, A=A +A,
Ay - +x
cos 6 = % = %; therefore, A, = A cos 6
ite side A
sin f = %m = 7‘, therefore, Ar = Asin @




Components of a Vector

A=Acos A =Asn

Click and drag the tip of the black arrow.

& Degrees Size = 136.99
PRadens Direction = 45.0 dégrees N of E

& N, &, E, W Direction
€ Std. Angle Direction

¥ Show Gomponents
& Component Style 1
 Companent Style 2
" Component Style 3
( Component Style 4

X Component = 96.86
Y Component = 96.56

Link: http://id.mind.net/~ physics/imechanics/vectors/components/vectorComponents.htm!

http://phet.colorado. _Addition

Equilibrium Revisited

« when the net force = 0, the object is in
equilibrium.

¢ According to Newton’s laws,

— the object will not accelerate because there is no net
force acting on it;

— an object in equilibrium is motionless or moves with
constant velocity. ¢ Y

Equilibrium Revisited

« equilibrium can occur no matter how many
forces act on an object.
— As long as the resultant is zero, the net force is zero
— and the object is in equilibrium.

— 1 1N

AN

1

* The desired force is one with the same 8

Equilibrium RevisitedA

If two forces are NOT in equilibrium, how could
you find the force that causes equilibrium?

To find this force, first find the sum of the two
forces ( the resultant force ).

magnitude as the resultant force, but
in the opposite direction. A

« A force that puts an object in equilibrium is called

an equilibrant.

Equilibrium Revisited

¢ The desired force is one with the same
magnitude as the resultant force, but in the
opposite direction.

« A force that puts an object in equilibrium is called
an equilibrant.

Equilibrant

Equilibrium Revisited

To solve for forces in equilibrium, study the horizontal forces
and the vertical forces independently. This means you must
find x and y components of these forces, and let...

Frex =0 and F ., =0

nety

Find the tension in the two wires that support the 126 N sign
hanging from the ceiling.




Equilibrium Revisited

< Draw in the weight vector and tension vectors

« Sketch and calculate the x and y components of tension

e Let Foy=0
T=2 T=2
T, =T sin40° T, =T sin40°
= 40° = 40°
T,=Tcosd0° [ | | T,=Tcosdo®
2T,-Fg=0 Fy=126N
2Tsin40°-126=0

T=2

Applet: Vector Addition with components

S Step one: resolve the vectors into their x and y-components

A, =Acos B, =B cos
A, =Asin B, =Bsin

Press sum] to understand
the meaning of sum of vectors,

OE+ OF
()
20)" {40
Step 3014

sum

T

cness-200/ES

Link: http://www.ies.co.jp/math/products/vector/applets/vsum/vsum.html

Applet: Vector Addition with components

s Step two: add or subtract the component vectors

R, = A + B,
=A, +
Ry=A/+ B,
Press [sum] to vaderstand
the meaning of sum of vectors, 7
OF + OF % i
_(s0), [ 29, [0 {
20)" {40 0
Step3ars / %
Back | Ned i/ |

(en996-2000ES

Link: http://www.ies.co.jp/math/products/vector/applets/vsum/vsum.htm

Applet: Vector Addition with components

. Step three: use the Pythagorean theorem to find the magnitude of

the resultant vector > > R.= At B.  Ry=A+B
R =R, +R,

Press sum] to understand
the meaning of sum of vectors,

Oi+ OF

(en996-2000ES

Link: http://www.ies.co.jp/math/products/vector/applets/vsum/vsum.html

Applet: Vector Addition with components
S Step four: use the inverse tangent to find the angle of the resultant
vector R.= At B, R=A+B

g=tan* Riy S
R R=RZ+R?

X

Press sum] to understand

the meaning of sum of vectors; 7

K+ OB & f

20) |40 0 / .
Step3ofs I "

(1995 200/ES

J

Link: http://www.ies.co.jp/math/products/vector/applets/vsum/vsum.html

Consider the example below:

Vector A is 10 units Iong, while vector B has a length of 7 units.
Y

A
Ay
B
By 20"~ |/ 60°
By Axg = X

As you can see above, vectors A and B have been broken into their x and y

components.
A, =Acos60" 4, =4sin60° B, =Bcos20" B, = Bsin20°
4, =10(0.50) 4 =10(0.866) B =7(0.94) B =7(0.342)
4,=5.0 4,=8.7 B,=—6.6 B, =2.:

Note that By is negative; this is due to the fact that x is (-) in the 2nd and 3rd quadrants.




Applet: Vector Addition with components

Y

R.=A+ B, R =A+B,

B
BVM 60°

Applet: Vector Addition with components

'vector | X-comp y-comp

A 5.0 8.7 _ 2 2
R =,/RZ+R?
B -6.6 2.4
R -1.6 1.1
R=R+FR
The length of the resultant vector R is computed at right. - -
R=1/(-1.6) +(11.1)

R=11.2

R.=A+ B, R =A+B,

R=RZ+R?

¥
R=R+ER
R=4/(-L6) +(11.1)°
A R=11.2
Ay R

— -1 y

B g =tan R

By 20° 60° X

3
By Ag X




