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3D

14-2 The Scalar (Dot) Product in

3- N10/5/MAT]
[Maximum mark: 13]

Solve the differential equation

dy
x—D—+xy=(x—1De™"
( )d.\‘ ey =(

given that y =1 when x=0. Give your answer in the form y = f(x).
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4. writing the differential equation in standard form gives
A x .
—+ y=e
dv x-1
3 1
dy = (H dr=x+In(x-1)
= e

hence integrating factor is €™ = (x~1)e*

hence, (x—1)e’ ﬂﬂL,\'ze‘\’:,\'—l
dv .
df (x=De'y
W ln .
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=@=-De'y=[(x-Ddv
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substituting (0,1), c=-1
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hence, y= e ) (or equivalent)
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[13 marks]

Let @={u.u,u;) and V={y,v,v) ,
then -V =u v, +u, v, +u, v,

z?ox?:]u[‘]v]cosé“
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Special Cases

o If #=0 ,then -V =u|-|[v|cos®
ﬁ-ﬁ:‘u‘~‘v‘cosO
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o If o=§,then
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12<ii=|u‘-|v‘-0
u-v=0

o If O=7 ,then #-v=u|-|[v|cosO
12-\7=‘u|-|v|0057z
i ﬁ:‘u|-|v|~ 1
v =—ul-p|
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Special Cases Of Dot Products

If 6=0,then If 6=, then
ii ¥ =|ul[v|cos @ iV =u]-v|cos &
0=l p1eos0 g oo JeosZ
i = fu] v v =)y -0
[This is the largest possible value
V=0
of the dot product.
u-v=0 “Llv
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If #=x,then 2
i -V =|u|-|v|cos & <
v =|zc[-[vlcosﬂ' b

é-gzlél-lglcosg

~

?‘w?:lul‘[vl‘—i

a7-§=—[zfl»|vl cosf = fiéi
[This is the smallest possible [al ’ ‘bl
value of the dot product. &b 1
& =cos” —
lal- [él;

Ex1. Find the angle between & =3i+j-2k
and b =-2i+5j+k

DR EAES)
=S +Sr
O =S é‘% 2 - 4°
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Ex2. Consider the unit cube ABCDEFGH. Let O be the
point where the 4 diagonals meet. [E[ =ﬂ—' \

" G lﬁl =”f'Z

E . F Aglz 2
A\ o145
- D \B C @@:
ZAOB =720-°

Ex3. A(4,5,-2), B(7,9,-3), C(6,4,0). Show that

AABC is aright trlangle and find its
area. - Th= - +12= O
AL =<2 M, \7 L2
P =132 ;
CA=<2,); 2> n

L (TG T 5P
e
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Work

When a force acts to move an object, we say that Work was
done on the object by the Force. 7

S wF, ¥ cosit)

Waplg
=F, 5
=F s eosi)

:FS = Force vector applied to the object/system.

F= Component of Force in the direcBon of movement.
s= Displacement vector.

5 = Distance the system is displaced.

#= Angle between the displacement and the force.
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Direclon Cosines

The angles &, 2, and 7 that the vector makes with the
unit coordinate vectors are called direcBon angles of
an cos« ,cosf and ¢0sy are called the direcBon
cosines.
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Remember from basic triangle trig:

adjacent "
cos ) = ————— < adjacent = hypotenuse - cos §
hypotenuse

So, in this case, we have:

x = |v|cosa, y = |v|cos B, z= |v|cos ¥, and so

v = (Jv[cosa)i + (Jv|cos B)j + (|v|cos y) k = |v|(cosai + cosBj + cosyk).
N

Taking the magnitude of both sides, we have:

|v| = [v]/cos> @ + cos? B + cos?y.

Mar 17-12:23 PM

Therefore,
cos’a + cos’ B + cos’ y= 1,ie. the sum of the squares of the direction cosines is always 1.
For a unit vector, the expression will be of the form

u = |u|(cosari + cosBj + cosyk) = cosai+ cosBj+ cosyk(|u| =1).

This means that for a unit vector its x-, y- and z-coordinates are its direction cosines.

Ex4. Find the direcBlon cosines for the vector v =12i
—5j + 13k and then approximate the direcZlon angles
to the nearest degree.

OEX) fird_direction cosives for U= 121-5) 113k and shea =
APpIEXIMaL Tho dirccnon  ang to  the ruarest degree.
o= 13k 6 2 |
P L= e e
A + i A% (390 A3
sx= V/A :

. &kz4q
cosp = Sz, B I0E
cos™ = PNzt . TR 45
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pg 642 # 1ab, 2-5, 9, 11-15, 21, 23, 24,
27,29-32, 34
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