14 February 2019

VECTORS

(angles, vector projection, applications
to mechanics, etc)



LAST WEEK:

LINES:
X = Xxo+ Ad,
y =Y+ Ad;
Z = ZO +}{d3

PARAMETRIC FORM....

X—Xo Y —Yo Z— 2

dy dy d3

SYMMETRIC FORM....

GIVEN POINT Z /[

N

A(xo, Y0, 20)

d = (d1; ds, d3)

2

GIVEN VECTOR
(“direction” vector)




LAST WEEK:

PLANES: A point + normal:

Ax+By+Cz=D

n=(4B,.070C)

D :AXO +By0 +CZO



ANGLES: ab+0 the angle between these vectors is always taken
to be between [0, |

1. # =0 means that a and b are in the same direction.
2. # = m means that a and b are in the opposite direction.

3. 8 = /2 means that a and b are perpendicular.

B
b B
b
O 0 0
a )
A ()



ANGLE BETWEEN
TWO LINES = angles between their direction vectors

ANGLE
BETWEEN THE [ dy - dy
cos

TWO LINES ABOVE ==>




EXAMPLE 1: Find the angle between the lines

X =—2y =2z and X = =g |
e \
X _ 3 _ 7 mmetvic dorm
A Xogoz (oo
> A" ( > :> _0_‘2: (’l\/)\Q\ (C“Yec’}ﬁ'on\/ec Y‘S)
4.4 - @) (11 = RO+ B0 + (1) @) = 3
\d=Vas1+1 =16 4, ]- (1144 - V€

_ o [ dods «‘(_(,%____, _ -\ i
9 = (o€ <\£‘" IS}LDZ COS \f?\[?) = (oS (z) — GO

onde behueen Tnes= 60’ (o )
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OPTIONAL QUESTION:

Find the acute angle between: (i) AC and BH; (ii) BH and FC.

~

b( O«vse < CﬁOb

E

H

-_—
—
—
—_—
o

>

cube of side a
(e.g., take a = 4)

Hist © What are Hhe coordinas
of AB,¢DL .

/


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian


Ciprian



ANGLE BETWEEN
TWO PLANES = angle between normal vectors of the planes:

_1 ( Iy - 1o )
COSs
01 ||ns|




EXAMPLE 2: Find the acute angle between the planes

x+y+2z=4 and XxX—2y—z=5
¢
b, =(1,4,2)
nen= (1,12) ((1-2.4) = (NW+ ME) + Q) @) =
\D|\: \bz,’: \[G—
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a+0

| | .ofavectora. 5 SCALPR
in the direction of the unit vector n

ofaonton —> VECTOR
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EXAMPLE 3:

Ifa=1i+j+ 3k and
i+
n=——
V2

then find: (i) themf a in the direction of n; (ii) the vector projection

/ Feacan

a-h
- (19 (')

I I SY
il -tT-alal ~et e

o
=
- (4

4

/ of aonton

nn
]
E'v‘i"o>
1, 1.0

)

\—
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WORK DONE BY A FORCE: W =F-d=|F||d|cos @

= (|Flcos0)|d|

GATES 20-28 GATES 29-37

7

The work done on a body by a constant force is defined as the product of the magnitudes
of the displacement and the vector projection of the force in the direction of the displacement.




OPTIONAL QUESTION:

Neswer: | Weork= Mjhl

m
ideal inclined plane

P 0 {gsotesen)
A

A constant force F acting parallel to an inclined plane moves a mass m
from A to B, without accelerating it. What work is done by the force F?

(use the definition of W in terms of the scalar product to get your answer)
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EXAMPLE 4: A rectangular plate is supported by brackets

at A and B and by a wire CD. If the tension in
el ""y/w] the wire is 200 N, determine the moment
- about A of the force exerted by the wire
on point C.

240 mm

80 mm
v
]

/£

240 mm J IS A

J/ [




EXAMPLE 4: Y a A rectangular plate is supported by brackets

at A and B and by a wire CD. If the tension in
50 ml‘n/f‘wl] the wire is 200 N, determine the moment
A about A of the force exerted by the wire

240 ' .
% on point C.
8{}lll'|ll/r ’

//

240 mm

\ﬁc M=rXxF

r=A4AC = p.v.(C) — p.v.(4)

YA C

= (0.3,0,0.08) = 0.3i + 0.08k
A(0,0,0.32) |
(metres)

£(0.30,0.4) F =7 Ofl: 200N, 9\IV€I’D
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EXAMPLE 4: Y a A rectangular plate is supported by brackets

at A and B and by a wire CD. If the tension in
80 ""y/‘w} the wire is 200 N, determine the moment
A about A of the force exerted by the wire
W on point C.
80 mm
4 CD
N F — 200:
240 mm @/
UNIT VECTOR
YA C
€(0.30,0.4) CD =p.v.(D) —p.v.(C)

|CD| = 0.5
D(0,0.24,0.08) = (—0.3,0.24,—0.32) ::>



EXAMPLE 4: y
A

80 l]ll}ll/fw]

)
80 IHT/// ’

//

240 mm

YA C

CD = (—0.3,0.24,—0.32)

|cD| = 0.5

A rectangular plate is supported by brackets
at A and B and by a wire CD. If the tension in
the wire is 200 N, determine the moment
about A of the force exerted by the wire

on point C.

M=1rXF

e —

CD
F=200—=—-120i+96j — 128k

r = (0.3,0,0.08)



EXAMPLE 4: Y a A rectangular plate is supported by brackets

at A and B and by a wire CD. If the tension in
50 ml‘n/iw] the wire is 200 N, determine the moment
A about A of the force exerted by the wire

240 ' .
% on point C.
8{}lll'|ll/r ’

) \zc M=1rXF

240 mm i j k
=1 0.3 0 0.08
—120 96 —128

7 T C

F=(=120,96,~-128) = —~7.68i+288j+288k
r = (0.3,0,0.08) (final answer)



EXAMPLE 5:

A crate of mass 80 Kg is held in the position
shown. Determine:

'<— 0.6 m —>‘<— 0.6 m — Q
A }

A B 4 1 (a). The moment produced by the weight W of
/ the crate about E.

AYY

~
E
4

-
~——0.85m — | A

(b). The smallest force applied at A that creates
a moment of equal magnitude and opposite

\ sense about E.




EXAMPLE 5:

<— (0.6 m —>’<—O.6m ~>‘ ”
! B 5
__._.' . - __}. o
0.5m ‘ |
. L . W
e

m
IW| = mg = (80 Kg) (9.815—2)
= 784.8 N

m — D.
<—0.85m*>‘

|Mg| = |[EH||W| = (0.25 m)(784.8 N)
=196.2N -m




EXAMPLE 5:

0.6 m —
A
0.5m Yw . .
l - Al W | For F to be minimum, it must be

E j perpendicular to the line joining
points A and E. Then, with F directed
as shown, we have

<~ (.85 m

|Mg| = |AE||F]

|Mg| = |[EH||W| = (0.25 m)(784.8 N)
=196.2N-m
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this angle gives

EXAMPLE 5: the otiertation _
of

0.6 m —f=—06m ~>‘ Q
B "

V(0.35m)24(0.5 m)?= 0.61033 m

F > ]
,.>> ~<~—— (.85 m

Hence 196.2 N -m = (0.61033 m)|F|

S |F|=321N  (megnibd)

|IMg| = 196.2N -m CE 035m

tan g = — @ = 35°

AC 0.5m ( or[emJFofﬁorD
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