MPZ 3230 - Engineering Mathematics I
Assignment No. 01 —~Academic Year - 2008
Answer all guestions

(1). Write down dot product and scalar products of two vectors,

Write an expression for the angle between two 3D, vectorsgandb.

A, B, C and D are four points in space. They have position vectors a,b,c and d

respectively,
Where, a = (2,4,-1) b=(4,1,0)
e={1,2,2) d=(3,33)

(a). Find vectors Ezé,ﬁand EZ‘E
(b). show that ABC is an equilateral triangle,

(c). Find AB% BC and hence deduce the area of triangle ABC

(). Find the value of K where, K = (Ex E)(a) using the value of k, what can you say
about points A,B, and C?

(g). the shortest distance 'f between two lines AB and CD is given by, {= g(Z'C")
n

Where n= (ﬁ XE'B) find this shortest distance E

().
(i). Find the unit vector perpendicular to each of the vectors,
a=2-j+k b=3i+4j-k
Calculate the angle between them, .
(ii). Show that the following vectors are coplanar,

(). g=2-j+k,b=i+2j-3k ande=3i-4/+5k
Gi). a=j~-2k,b=i—j+k,c=-2i+3j -4k

@3).
(1) (2) Compuie the following scalar triple products. -

). (- 27+ 3k 2+ j k) + &)
. (2 -3/ +k)i— j+2up i+ j—k)
(b). Compute the following vector products.
@G- j+EP2r-37 - l-3i+ 7+ kp 27+ £)]
@) {3 -2 -2 G- k|G + s+ P -2+ 38)]



a4

(ii). Prove, Lo _ :
———d(gxéxg)=gxbxcﬂzxié-mJs-gxibxg N
dt dd — - T a4 ° T ode .

4).
(i). Show that,

r=e"(c,cos2t +¢,sin 2t), where C, and C, are constant vectors, is a solution of
the differential equation.

dr _dr

+2—

/a

(ii). Solve the following differential equations. Using suitable method,
(i). (:Ly+x)dy—(xy+y)dx=0 sol:x=cye*™

+5r=0

(i), (x+1)2x+1 2e” sol :e(x+1)(2—e’) =1
(iii). (ey + 2)sinxdx— e’cosxdy=0  sol: (e’ + 2)(:055: =C

(iv). x(y - ) =y(y+x) sol:%-—logx@:a
(5). Solve the following differential equation using exact method,

). (x+y-10)dx+(x~y~2)dp=0 |

{ii). (e" + 2)sinxdx— e’ cosxdy=0 -

(iii). Find the value of K, for which the differential equation,
(xy +hex® y)cbr+ (.1. + y) 2afy 0 is exact, solve the equation for this value of K,

Please send your assignment on or before the due date to the following address. Please send
your answer with your address (write back of your auswer sheet) and when you are
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Il

(1). the scalar, or dot product of two vectors a and b is defined to be |g_] IQ] cos & (a scalar)
. where 6 is the angle between a and b.

Symbolically a.b= lgl IQI cos @

Due to a dot between a and b. this product is also called dot product,

' b
Angle between @ and b is, cosf = a2

lalle

a=024,-1), b=(4,,0)
e=(1,22), d=(333)

(a). AB=AO+0B

={~2,-4,1)+(4,1,0)
=(2,-3,1)

AC=40+0C =(-2,-4,1)+(1,2,2)
=(-1-2,3)

BC=B0+0C =(-4,-1,0)+(1,2,2)
={-3,1,2)

CD=C0+0D =(~1,-2,-2)+(333)

=(2,1,1)
(b).If ABC are equivalent triangle, -
48| =|BC| = c4|

AB=(2-31)|4B|= V2T 137+ 1% =14
EE‘ = (_331:2),|BC| = ‘V32 +12 +21 = M
CA=C0+0d=(-1-2-2)+(2:4-1)= (12-3)[Cd =TT+ 27 37 = VIa

|48 =[3ci=|c4

-+ ABC are equilateral triangle.
" (c). ABxBC
' AB=(2,-31) BC=(-3172) -



: I j i
ABxBC=|2 -3 1

-3 1 2
=i{-6-1)- j(4+3)}+£
=~T7i~7j-7k -

(2-9)

FB’xEE:—?;—?l—W_c

Area of triangle =%'(Ex BC

= Yl-7-7-7)
=Y+
49+ 49149

2
=6.062 units

(. £ =({4BxBE). ca)

(EXFC)= (—— 7,-—7,—7) [By using part (c)]
CA=(1,2,-3) [by using part (b)]
(4B BC)CA)=~(-7,-7-7)x(123)
=—7-14+21
=0
k=0 _
Wecansay A, B, C points are coplanar.

“(e). £ =%(IC-') :

Given n= (EXEB) {by using pért (2)]

I j B 4B=(2-31)
ABXCD={2 -3 | CD=(2,1,1)
2 1 1] 4C=(-1-23)
=5‘(—3—1)—-:;_r'(2-—2)+k(2+6)
=(~4,08)
_’1:(_4)0!8)

| =16+0+34 = /g0



(-4,0,8)(~1,-2,3)

(4+0+24)
_ 28 28

V80  J4x4x5
e=7/45

=3,13 units

axb

(2). Unit vector (perpendicular broth 2 and b) =———| XE)I
a

Il
—_
!
EN
T

[,
T
N
|
"
S
+
&
—
[w o)
+
LS ]
S

~3,511)

laxb|=32+52 +117 =49+25+121=4/155

Unit vector =

I

ﬂ:

Calculate angle between g and

ab=|a| [Bf cosd

L=

ab

Angleis cosf =——
2t




. a=(2-L1)b= (3,4,-1)
ap=(2,-11)(34-1) =6-4-1=1

o] =v2* + 1 4+ =Va+1+1=/6 X
b=V + 4 +1 =O416+1 =28

g= cos“'[ 1 )
V626

6 =85.403°

{ii). 7

() Find which are coplanar. o . o

a=(2-11) ,b=(2-3) S )
e={(3~4,5) ,d={(21,-3)

I j k _
(Bxac)ip=l1 3. ~4i(0, 2,-4)
- 1 -3 4

=l2-12)- j4+ 4)i6-3)(0,2,-4)
=(~0,0,0)x(0, 2, —4) '
=0

.2, b, g, dare coplanar . .. a,b,c,d Points are same plan

(b) g=(0,1,—2) .b_=(11 -1, 1)
e=(-2,3,-4)d=(2, 1, -1)

AB=b-a=(1,~1L1)-(0, 1, -2)=(, 2, 3)
AC=¢-a=(~2,3,-4)-(0,1, -2)=(-2, 2,-2)

AD=d~a=(2,1,-1)-(0,1,-2)=(2, 0,1)
ik

i
(ExEE)ZE: 1 -2 3/(2,01)
-2 2 -2




= i(4-6)- i(—1+5)vrg(2—4)j(2, 0,1)
=(-2,5-2)2,0,1)
=—4+0-2=—6 Q)

- a, b, ¢, d points are not coplanar.
.. Can check three points. Those are same plan.
@ a=(2-11)b=(2-3)
c=(3-45) d=(2,1-3)
Check whether three points,

i J k

G).axbec=[2 -1 1[(3,~-4,5)
1 2 -3
=}B-2)- j(-6-1)+K4+1)|3,-45)
=(1, 7, 5)(3, —4,5)
- =3-28+25
=0
a,b,c Points are co-planer. .. g,b andc Points are same plan.
(i). (axb)d = (1, 7, 5)2, 1, - 3) laxh = (1,7.5)](by using part (1)
=2+7-15
= —6(0)
2, b, d are not coplanar .". a, b, d are not same plan
i j k
(iii). (axc)d =2 -1 1
3 -4 5 '
=i(- 5+4)- j(10-3)+ k(-8+3)|(2:+1-3)
=(-1,-7,-5){2,1,-3) s
=-2-7+15
- =6(z0)

a,c ,d are not coplanar .. a, ¢ ,d , are not same plan.

(2,1,-3)

i Jj k
) xedd =l 2 -3(21-3)
3 -4 5

=i10-12)~ j(5+9)+ k(- 4 - 6)}(2.1.-3)
=(~2,-14,-10)(2,1,-3)

=—4-14+30

=12,(20)




2 A
¢ .d are not coplanar .". b, g, d points also not same plan. .

(b) 22(0: L _2) ) f_)=(1,—1, 1)
c=(~2,3-4) 4d=(2, 1, -1)

!
() (axb)c=|0
1

=lit-2)- j(0+2)+ Ko-1)}(-2,3,-4)
=(~1,-2,~1)(-2,3,-4)
=2-6+4
=0
~a,b.c,arecoplanar, .a b ,g_; points are same plan.

(i).(axb)d = (-1-2-1)(2,4-1) [byusing part () axb=(-1-2,-1)]

=2 —-2+1
=—3(=0)
a,h, _c_L_are not coplanar .-, g_,_b_,_cjal;enotsameplan.' _ ' : ' '
I j ok
(iii). (ax)d =| 0 1 -2.(2,1-1)
' -2 3 —4

=i~ 4-+6)— j(0~4)+ K0+ 2)|(2.1-1)
=(2,4,2)(2,1,-1)
=d4+4-2
=6(=0) o
.8, b, d arenot coplanar .~ a, ¢, d.; afe nof same plan,
ij ok
(v). xe)d =1 -1 1[{21-1)
-2 3 -4 S

=(1,2,1)(2,1,-1) | :
=2+2-1 =3(z0) | | -

b, ¢, d are not coplanar .. b, ¢, d are not same plan.

=i(4-3)- j(~4+2)+ g(3—2)1(2,1,;1)

®- @ -+ kP Qi-35- k)M -30+ j+ k(2 + )]
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153 J1-2) K3+ P ~2)- S 3-0) £ k-6 -0)

= (43 ‘-J’a'_l)A (—1’ 3, .“6)
i j ok

=4 3 -1
-1 3 -6

= i(~18+3)— j{~24-1)+k(12+3)
=(~15, 25, 15) |
Gi). |12/ -2 0 - P L+ j + P -2) +3E)
ioj kil j ok

= 22 -2l 1 1
1 o0 -k -2 3

=[i2-0)- j(- 3+ 2)+ 0+ 23+ 2)- j(3-1)+k(-2-1)
=(2,1, 2)*(5, -2, -3)

ij ok
=2 1 2
5 -2 -3

=(1, +16,-9)
gy, dlaxbxe) _da p 0By haxp?e
dt t ~ di t
Let axb=r
%(gx el= f%x c+r x%[Acording to hasic rule (3)]
Then, ar_ M = -‘-{—g-x b+ax Ll [acording to basic rule (3)]
dt dt dt dt

o d
Substitute, Lin

2 {axbxe) =L axblxe+ axbx s

da db de
=|"=xpbtax=|xct+axbx—
dt T T dey T T T dt




=ig-xbxa+ax££x£+ax5xi£
a - T T dt T T dt
—i aXbXC)=Eg—‘XbXC+EX—é—XC+EXbX£1§ .
dt- - a ~ = dt ~ = oodr - .

(iii). r=e" (¢, cos2t+c, sin2t)
% =& (¢, {~sin2)x2 +¢,(cos 2t).x'2)+ (¢, cos 2t + ¢, sin2t)e™ x (- 1)

% =e"(~2¢,sin 2t +2¢, cos2t)—e™ (¢ 00821 + ¢, sin 2¢)

=23"’(——g1sin2t+g,_cos2t)—5
dzﬂ - . . L -t dr
lzz—=23 (—c, costh2+cz(—s1n2t)x2)+2(—c]sm?_t-!;glcosZt)e x(—l)-gt-
d*r

Fz—tle" (e, cos 2t +e, sin2t)-2e™ (¢, sih 2f +¢, cos 2t)—%
._4_‘:_ = _4r_£].’.._.]-_._di

ot dt dt

d—-:‘+2£+5r= 0

dt dt

4 () (y+x)dp~ (y+y)dx=0
(y+Ddy—plx+1)dr=0

(y+1)dy= (x—l-l)dx
¥ x

y.,1 fx 1
B
Jidy+ [dy = s+ [Lan

y+ !?n] yl =x+ (.’n]xl +e c—is conétaﬁt

(i) (x+1)ix—y+1 =2¢

(x+1)%=(2e"'-—1) .
1 1
— =1 4

2" m+D




e’ 1
(2—9’ }iy B (x+1)dx
~ tr(2—e”| = trnl(e-+ 1] + £l
— Enl(2—e”)|~ En|(x+1)| = 2nl|
(2-e’Wx+1)= 1
c
e(x+ 12—~ e’ }=1-C is arbitrary constant.

(i) (e¥ +2)sinxdx—e’ cosxdy=0

dy _{e’+2)sinx
dc  e’cosx

e’ .
213 y = tan xdx

Enle" + 2| = L’n|secx|+ c]

) *y=5 L = y(y+3)

dy _y(y+x)
dx  x{y—x)

Substitude,

dv _ vi(vx+x)
dx  f{wx—x)

v4x

11"_*.xﬂzwt(v-i-l)

dx  Hv-1)

v.[.xi‘i:&il_)_
de  v-l




3. -
. tﬂzv(v+l) _

T dx v—-1
L2V _ v+ h—v(p-1)
T dx v—1

dv 2y
Xm— =

dx v-1
j(—"--i}ﬁ;: [La

2v 2 x

1

P % En]v] = En]xi +ec

YA VAR
%(%-—En'%l)=€n|xr+c; |

() ). (x+y—10)dx+(x-y—zdy=0 |
gley)=(t-y-2)  flxy)=(z+y-10)

9 _ o _
ax.—l dy !
®_¥

dx ay -

This differential equation is exact.

General solution s, u{x, )

ulx, y)= [ 70 y)ee + F(y)
=[x+ y—10)dx+ F(3)
= x%+yx—-10x+F(y) :

o

u=£;;+yx-10x+_F(y) '

% glen) =5+ F )
v

glx.y)=x-y-2



Lo T
, 2
.'.'u(x,y)=xz+yx—10x—yé—2y+c

ii). (E" + Z)Sinx dx—e’cosx dy=0
f(x,y) = (ey + Z)Sin X g(x,y) =—g¥cosx

of _ ag _

Z.=¢g'sinx —==-¢’ (— sinx) ‘
ly ox
7 =e'sinx
Lo %
Ty ox

. This differential equation is exact.

Solution is ufx,y)
ey )= [ £y )e + F(3)
= I(e-" + 2)sinx ‘dx+F(y)

= e’ (~cosx)+2(- cosx)+ F(y)

= -—(e” + 2)cosx+ F(y)
%;f; =—¢’cosx+ aFaJ(,y)

du .
“é; “g(x:y)

F(y)

e tcosx+ Z=—g’cosx
' y

oF _
ay

.. Solution is u(x,y) =—(e’ +2)cosx+c

(ii) (:vcy2 + o y)dx+ (x+ y)xldy =0

If given differential equation is exact,

Fley)=(o? +iy) glx,y)=(x+y)k’
S g % 3240
oy ox

o %

dy ox

2y + ot =3x + 2xy
o =3x" +2xy—2xy




)

k=

L

S xy)=ayt + 257y gley)=(x+yh*
U= Jf(x,y)dx‘-[—F(y)

= J.(x_y2 +3x1y)dt+F(y) .

x*y x
; =Y (»)

(F+p =xlp+ L
dy

fley)=0

General solution is,

u(x,y)=L2y-+x3y+c



