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=C,)=1C.,)+2(,)+3(.)
Curl: curl

Curl: curl = x

(+)
(+)=+

()
( )=+

(+)
[+):+

o (+)=(+)

+ =..

(

r\\, 1]

)

=+ ..

+

= (2+ 42)
= (2+ ‘/Z]"+ [Z} + 2+ 8}
= (43 -62)% (-62) + (122 -622)

at [Z, —’/,Z}

at (2,-1,2) = 8% 247+ 84
[/

[[=2—3%6

.= 8% 95+ 859 2

=[2++23)
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=(2+322)% (2+ )+ (+ 23)

=(4+ 3)% (4-)+ (2-2)

=2%2%2

[(1,1,1)

[(1,1,1) = 27+
= -32-3+ 2

=3-+2

Given vector
Given vector = 22-3+ 2 at (1, -1,1)

=2+ 3+

| .= (2+ 3+ ). (3-+ 2)

(2)(3)-(3)(1) + (1)(2)
(2)(3)-(3)(1) + (1)(2) = 5

X

X=[Z+3+}x[§—+2)
=6 -(-1)-(¢-3)+ (-2-9)
= 23+ 23+ 322

=25’+6}

:23+6)
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:23+6)

23 +

=23+ 20

Determine the conctant a co that the vector
Determine the conctant a co that the vector = (+ 3)% (

— 2}“+ [+}/§'
= [+ 3)

=T7+7+=2+

=2-232+2
=2-622 + 2

. (1 -11)
. (1,-11)=2(1)(1) -6(-1)2(1)2 + (1)(-1)2

=2-6+1=-3

= 3y2 + 6xy2~-2
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=3(-1)(1)2 + 6(1)(-1)2 -(1)2(-1)
=-3+6-1=2

A

.A. =3y2 + 2xy3~2. 6"~

= (1822 -2xy3+ 22)

= [18(1)2(-1)(1)2 -2(1)(-1)3(7) + (1)2(-1)2(7)]
=-18+2+1=-15

A
A= (32 -)3yz + 2xy3~2

= (73y2 - 3y23) + (63y3 -2xy4) "+ (39-222)

A
A= ((93y2 - 3y23) + (63y3 -2xy4) *
(39-222))

= 272y2 -3y23 + 183y2 -Bxy3+ 39-294
= 6229+ 939+ £323
= 1224 + 439 + 24322

0]
L07=00)+- )

=30+10=30+.7
=30+7

0]
L07=30+7

¥,
.0:3+[—7)

N,
.0:3+0
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N,
.0=(3+)

()
0=03B+)

X

= (

X

X =

(x )

'[x)-:O
x(+8)
x(+8)=x+xB

carl ( +8)
carl ( +8) = curl + curl B
x ()
x ()= (x) +() x
x ()
X 0 =0
)
[x} =0
carl ( +8)
carl ( +8) = curl + curl B

(LH. S
(H. S=curl (+B)
+
+ = [7+ 1)+ [Z+ 2)%% [3+ 3)

x (+8)
(+8)-
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=x + x8
x ()

x ()= (x)+ ()
(HS

(H.S=x ()
x ()

x () =

= (x) +

= (x)+(0 ~
x ()

X 0 = (0
(HS

(HS=x () = x
(x)

.[x}: 0
(HS

(H.S=.(x)
Hence .(x)

Hence .(x) =

X

x = (24 + 22)% 32-¢
X

x=(2-2)%3%¢

X
x=3% ¢

(x)
(x)=(2 -2 +2 ) x
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(x )
(x)=

(x)
(x )= -(6922 + 235) (12223 -425)+ (124 +
4323)

= 4Y3% 223+ 622

x ()
() -

x ()
x () = (6922 + 235) (12223 -425)* (929 +
4323)

x ()
x()=(x)

= [+ 2+ )% [—3—]% [‘/+ +2)°

= [+ 2+ )% [—3—}“+ [‘/+ +2)°

curl
curl= x = 0

=(-1)=(4-)* (-2)

=(-1)% ~9)+ (-2)
-1)% (-9)+ (-2)

(-1)% (-4)* (-2)= 0

= (+ 2+ 4)% (2—3‘—)“+ (€/+ +2)°

=+ 2+ 9
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4+ + 2

4+ 2+ h( )

MNote that convercely if
Note that convercely if =, then x = 0

= X —TX(X]

= x(2-3)-(1-3)% (1-2)
=(1+1)~(-2-2)% (3-(-3))
=2(1% 2% 3)

x (x )
x[x}:Z

x = 2

Evaluate . (x ) x
Evaluate . [x} x = 0.

(et
(et = 1% 2% 3and = + + , then

= (2-3)-(1-3)% (1-2)
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(LHS
(H.S=x(x)

Hence x(x)
Hence x(x) =

= -2+. (7

0
0=x0

=x (0% 0%

/4(’ we know
Ac we know = 2 + 2 + 2, therefore

2+2+2
2+2+2=7)

2+2+2
2+2+2=7)

= (1+ 2+ 3)

.:[7+ 2+ 3)

=% %

and

and = + +
=2%2%+3
Alco

Alco = + +

=2% 2% 32

=49(2% 2%+ 32)

— 10 —
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= 810+ 59

=23-3% ¢

Alco we calculated,
Alco we caleulated, = 2+ 27+ 32

X = 23"—3“+ ‘/X ZA+ ZA+ 32
= (-35-24)~(65 -25)% (43 + 24)
=3(2+1)(22)=5(3)% 10(2 + 1)

=(64+62)— 5(3)%+ (102 + 10)
Alco,

Alco, = + +

=2% 9% 32

Total work done
Total work done =

=(69+62)—5(3)% (102 + 10). 27+ 4+
32

=2(6%+62)— 4(53) + 32(102 + 10)
= (125 + 123)— (204) + (304 + 302)
= (125 + 104 + 123 + 302)

=125+ 104

=2[(2)6 -(1)6] + 2[(2)5 -(1)5] + 3((2)% -(1)4] + 10((2)3 -(1)3]

- 17—
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IF
IF = (32 + 6)— 14+ 202, evaluate

=32+6(0)

~14(0)+ 20(0)2
-14(0)+ 20(0)2 = 32

-19(0)+ 20(0)2
-19(0)+ 20(0)2 = 3 + 6

(0) -14(1)(0) + 20(1)2
(0) -19(1)(0) + 20(1)2= 202

=(32+6)-142 + 203

=6-112+ 203

X

3 S 0[/. e. ic irrotational).

X

x =x=20

Convercely, if x
Convercely, if x = 0, then

=(1C. )+ 20, )+ 3(.))

=26,7}+3
=20,1)+2
=20,1)+ /20, )1

=101,1)+2
=101,1)+1
=101 1)+ /[1(, 1)/1

— 12—
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= 76 71 7)+ 76/ 7)—76 7/ 7)+ 761)

=l W)

=71% 2% 3=

| = (2% (~1) ). 22+ 0+ 6
=23+6(-1)
=[23+6(-1)]
=§+16-12=12

X

X =

= [(-2)(6) -(=1)(0)]~[0(e) -(-=1)(22)]+ [((0)

-(-2)(22)]

= —63-(62+ 22 -23)% 24
= -63-(52-23)% 2¢

= (~63-52-23% 29)

=%

= (2-+ )% (+ -2)%+ (3-2+ 4)

In the plane
In the p/w«e =0 = [2—]“+ (+}“m«d: T

Total work done
Jotal work done=

=((z-)+ (+)).
=((z-)+ (+))

=x =0.

— 13—
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1]
X
]

(2+3)%2 %32

2+ 3

2+3+f()
=2+9()
=3+h()

=2+ 3+

=gec
=¢ec =

[2+3+5}
[2+3+6)=2”+ 3% 6

.=18=12% 3. 2

= 36-36+ 18

.=6(12-2-3) -36 + 18
=29-172+ ¢4
= 24-62+ ¢4

= 199 -216 + 96 = 24

.=2—= % 2

— 14—
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= 5+

(2+)

[2+}=2“+ B

22+ (1)2
22+ (1)2=2%"

=2% °

= 2=, 27

2+
2+ =6=6-

=+ 6 -

=3+

=943+

9(18 + 7) = 108

(2)z + (2)2

(2)2 + (2)2 = 2% 2°

=2% 2"
=2% 2"
=2(* )
ey
Ueing 2 + 2
Ug’/hg 2+2=160n¢§

— 15—
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=+
=-76-2+2

5 -
22100% 100"
=12x(4)2 =192

(2+2-2)
(2+2-2)=2%2%2

=2%2%-2

42 + 42 + 92
92+ 42+ 42 =2(+ )

22+ 2+ 2
22+2+2=(% ")

(v ~)

(v )
(492 + 2-3) and.
(92 + 2-3) and . = -

2
2= (42 coc2 + 4 coc ¢cin2 -3)

(43 coc2 + 5 coc ¢inz -32)

4 coc2 + 6

=256 coc2 + 96

256 coc2 + 96

128(1 + coc 2) + 2048

=125+ 649 ¢in 2+ 2095

— 16 —
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=192+ 128= 320

(et
(et =2- + 2.
=(2- +2)
= 12829 38¢

Ueing equation 2 + 2y +
Ueing equation 2 + 2y + = 4 for limit

=5-52 + 23

3+5
3+8=-%

(1% 2% 3).
(1% 2% 3). = (1

= (1% 2% 3).

(1% 2% 3).
(1+ 2% 3). = (1

=14 2% 3. 717%2% 3

.= 7 co¢+ 2 co¢ + 3 co¢
=(4-9+2)

Here we uce the given eqaat:’on 2+ 2
Heke we uce the given equat:’on 2+2=4 Fo# limite

portion 3 [2 + 2
portion 3(2 + 2 = 4). Then

(2 +2)

(2+2)=2%2"

— 17—
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=2% 2"

92 + 42
42 + 4’2=Z(“+]\

22+ 2
22+2=(%)

=(%)
.= 4= 22% 2.

=L 9= 2%
= (4-2+)
=(BxC)
=C (x8)
=C (x8)

< (1} =
[x (1}].
[x (1}]. =1

=“+A+=”+“+C]

— 15 —
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~

=%

~
= .

[x (1)1.
[x (1}]. = -1

[ (1}].
[x (1}]. = -

= co¢ + co¢ ¥ co¢

.=7A+ZA+3.(A+ A+)
=71+ 2+ 3

ey
=(2-)=2=2).(+ %)

(et
(et = ¢in = coc, 0 <<2

=+ Qn 2
x:[x)x
:x(x).
=.[x]x

X:[X)X

X

x = 0 identically.

— 19—
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=x.
=x.
= 0 and chowe that x = 0.
= x

= X.

2“—[+ 3-2)% [2 +)

X . =.
+ 3—2}
+3-2)=-2-2

(et
(et = coc, = ¢in, = coc, 0 <<2

(2 +2)
(2+2)=(2-2+)

— 20—
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= X.

X
x = -1
+
+ =
+
+ =
+
4+ =
:(+Z} + 2
+
+ =(33+94)
+
+ =22+ 2
=+ 2 and
+
+ =
+

Alco, if
Alco, if = + “then

- ).

— 27—
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+

+=.=.X=X.

:x:(’\-{-}x: -

+=.=.X=X.

:x:['\+}x:’\—’\

0
0=0.-0+C)=2+00

+

+=0
+

+ =
+

+=0
+

+=0
+

+ =
+

4+ =

Sin )+ co¢ (0}
Sin )+ co¢ [0} = /—cln = co¢ /0

(-1)(0) + 0
(-1)(0) + 0= 0

— 22 —
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+

$o,

$o, 2 —¢in 4 coe “or = (=¢in + coc )"

— 23 —
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)+ (0 +0)

- ()+
A.
a =150 x 106 )

the center of the galaxy ic

the center of the galoxy ic = 2.8 x 104 . its orbital peed
ic =220/)

4(3.14)2(6.4 x 106)2

3.4 x 10-3

=150 x 106

9(3.14)2(150 x 106)2

=6 x 104

=2.58x%x 109

4(3.14)2(150 x 106)2

—2¢—
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=1.5x 10-72
=1 +2+....+=

=(33+2)% (9+8)~-5
=(92+2)% (93 + 8)~-5

= (18+ 2)% 122"

= (362 + 8)% (163 + 32)-20
[272+ 8}“+ 452"

92% (16-4)~12

0=+ 9-9, find

92+ (16-9)-12

2+ [4—7}“—3
+ 4-7
+ 4-9=
3
3=-120000 £t Ib/cec 2

=855=565x%x 1.81

- =55x0.95

= - 55x0.95

— 25—
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55 x 9.87 - 55 x 0.95
2—-~—. 8+ 2-5

=16-2+5=19
3.38 x 1070-1

3.35 x 1010

curl
curl = x = 0

=(2-23)% (3 + 2-23)% (63 -322)

r.e. X

re. x = (0
= (-322 + 322)-(-62 + -62)% (2-22 -2+ 22)

Ac we obtain x
A¢ we obtain x = 0

=+=1
22+ ()
22+0=
=0+0

=2+2 (2)

(2-1)+(2-1)
(2-1)+(2-1) = ().

(+)
(+)=0.

=2-2% 2"

— 26 —
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=2%2% 2"

=(2)~(2-2)% (2 + 2)"
+

=10,/=0 =0

= co¢ 3/2+ ¢in 3/2

10 co¢ 3/2+ Bein 3/2

-103/2 ¢in 3/2 + 3/2 Beoc 3/2

10 co¢ 3/2

—-103/2 ¢in 3/2

0
0 =A 009[2/77

Thus,
Thue, = 10 co¢ 3/2

Period
Period = T = 22

T =0

— 27—
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=-23

and 0
and 0= (1)-23

=102 3

70-2 3

co¢ ¥+ ¢in ¥+ °

= co¢ + ¢in "

—¢n + coe "

/= co¢ + ¢in ”
=¢0¢ + ¢n "

=c0¢ + ¢in "

/ = —¢n + co¢ "

—¢in + coc "

1. 2
2= [coc + Qin } (—s’h« + co;’]

= —=Qin co¢ + Cin co¢ = 0

2. 3
2.3 = [—g’:’n Yeoc) =0

— 25—
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3.1
3.7="(coc *+cin}=0

=c0¢ + ¢in "

—Cin + co¢

—Cin ¥ co¢ = (,—s’/n + co¢ } =

—c0¢ =¢in = —({cog F ¢in } = ="

=T++2
=71+

7=17+

7+ 17
T+71=2+2

2+ 1
2+1=1

= —3[2 + Z)

=-3=-(2+2)

=-(2+2)

=(2 + 2)3/2 and
5(2+2)5/2

5(2+2)5/2=1

=2-7=2-1

— 29—
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=11

7=5-3+ 7

2
2 =2+ 3+

Impulce
Im,ba/g'e = 200[Z+ 3+ —[5—3+ 7})

= 200(-3+ 6-6)

Impulce magnitude
Impulce magnitude = 2009 + 36 + 36

= 1800mgm/cec

=(2+2)
=(2+2)

2x 2
2x 2= 2

— 30—
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= X

17 + 22
11 + 22 = 11 + 22

6x5+4x(-3)
6x5+4x(—3}:6x7.5+‘/x2

?=9¢x2

Velocity of A before collicion
Velocity of A before collicion= 1= (-1 + 4) -1

Velocity of A after collicion
Velocity of A after collicion= 1 = (-2 +2) -1

17 + 22
1171 + 22 = 11 + 22

6x5+4x(-3)
Ex5+4x(-3)=6x15+4x2

7=4x2

Velocity of before collicion
Velocity of before collicion = 1 = (-1 + 4)me-1

Velocity of after collicion
Velocity of after collicion = 1 = (-2 + 2)me-1

17 + 22
117 + 22 = 11 + 22

=8(-2+2)+2(3)

—8 + 32+ 16-16+ 2(-0.8 + 1.4) -2(3)
—8+ 32+ 16-16+ 2(-0.8 + 1.4) -2(3) = 0

&+ 16+ 2(-0.5- 1.6)
5+ 16+ 2(-0.8- 1.6) = 0

— 37—
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5+ 16-2(+0.5+ 1.6)
5+ 16-2(+0.8+ 1.6) = 0

5+ 16
5+ 16= 2(0.8+ 1.6)

2
2=0.5+1.6

:X-'-'XO

=x ()
:x[x)

Y Y 2% 30

A+ A+ A7A+ ZA+ 3»\

71
117=002 + 2)

22
22=0)(2+ 2)

33
33=)(2+2)

31
317=-()

— 32 —
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:+++(+)+(+)+[+}

=x (1)

= X

0
0=x0=x[0}

= //(’/'h = //(’/h = Qi = /x /

:/x/Z

[x [
<=/

NS

[x [2
[x[2=()z+(-)z+(-)2

=277+ 222 + 233 + 272 + 223 + 231

[
[l =

=211+ (222 + ()233 + 2()12 +
2()23 + 2()31

=[211+ 222 + 233 + 212 + 223 + 231]

_33_
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7
7 =277+ 222 + 233 + 272 + 223 + 231

112 + 222 + 332 + 272+ 223+ 231
112 + 222 + 332 + 272+ 223+ 231= 1

(x}Z
(x)z2=(x). (x)

=.>([X)

2 [ x(x)]
2[ x(x)]=1
X[X),
x(x),:x

23

23

—3¢_
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=23

93

‘/(009}3

44co¢3

4Y9co¢ coc2

Y4co¢ (1 -¢in2 )

Y4co¢ (1 -¢in2 )

44(coc
= 49x 2

11
117=002 + 2)

=(2+2)
=(2+2)
=(2+2)
= /2

12
72 = -

—35_
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=0+ 2)

=(2+2)
=(2+2)
=(2+2)
= /2

72

Oz + 2)
=(2+2)

2+ 2
2+ 2=2(¢in2 coc2 + ¢cin2 cin2 )

= 2 ¢in2 (cos2 + cin2 )

=4 ¢n3
2+ 2+ 72
2+2+2=1

71
11= (22 + 22)"

11
11 =32"+372’

I:IZ

— 36 —
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U

"= 4 ¢/n3

nfm

=2(1+1)+3(1+0)+4(1+0)
=4+3+4=11
200+ 1)+3(1+0)+49(1+1)
=2+3+8=1
=2(0+1)+3(1+1)+4(1+0)
=2+6+94=12

(1+2)

(1+2)=11+ 22

=17+ 22

=120(5) + 0

(1+2)1
(1+2)1=2

-1
-7 =1+ 2-2

—372_
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2
2=(x)2

— 35—
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=(z
=(2

2
2="4+2

(11-)1 + 122 + 133
(11-)1 + 122 + 133 = 0

211 + (22-)2 + 233
211+ (22-)2 + 233 = 0

377+ 322 + (33 -)3
371+ 322+ (33-)3=0(3)

= = 0 whereag #0

(11 -)7 + 122 + 133
(11 -)7+ 122 + 133 =0

217 + (22 -)2 + 233
211+ (22 -)2 + 233=0

377+ 322 + (33 -)3
3711+ 322+ (33-)3=0

—39_
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(11-)7+ 122
(11-)1+ 122 =0

271 + (22 -)2
2171+ (22-)2=0

(11 =) co¢ + 12 ¢in
[7’/ ~) coe + 12 ¢in = 0

27 coc + (22 =) ¢in
27 coc + (22 =) ¢in = 0

-3+2+ +
-3+2+ + =0(4)

co¢2 + co¢2 + co¢2
co¢2 + co¢2 + coc¢2 = 1

1% 27(2)

3% ¢47(3)

5% 6‘[‘/)
=1% 2"

(-12 -23)%+ (-11 -33)% (-27 -32)"

=71% 2% 3"

= + 2X
= 4+ 2x + 'x+x[x)

0
O==0+0

— 40 —
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=% % %0
=0+[‘+‘+}+“
=0+ + x

=0++2x+ x+x(x)

2-2% (2+ 4)"

(2+1)-6% 43"

2=-6% 122"

(

(=1)=2-6% 12"

=+ x
=2-6%12% [

(

(=1)=2%6%12%/
=34-2% 2"
=2% 29"

(

(= 1) = 2% 2¢4°
=+ 2x + 'x+x(><)

(

(=1)=2-%6"

— 47—
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=2%2% 2"

(

(=1)=222% 2°

= 2-6% 122 therefore

2%
Zx=2/

/

[=32%¢4-10"

x (x )
x(x)=/

=-19% 272+ 90"

= (2% 29} + (9~9-8) + 2(24~12-10} +
(=147 212 40}

=90+ 1589+ 36~

= e0¢ + ¢in ==~

X = [—3—+ 5 cogj“—[Z——S oin )+ [—2 co¢ + 3 Cin

=co¢ + n —="+ [—3—+ b) coc}A—[Z——S ¢in )"

= (cog' + 5 coc-3-)% (5 Cin + gin —2-) % [———Z cog
+ 3 ¢in ]A

s (6 coc —3-)% (6 ¢in —2-)% (———2 co¢ + 3 ¢in )"

= (—Q’/h * co¢ + -}

— 42—



VU Learning HUB MTHéE22

vulearninghub.xyz

=2(2-3% 5} x (coc * ¢in -}

= (‘/A—é + 10} x [coc * oin ==}

= (6-=10 ¢in )+ (4-+ 10 coc )+ (4 ¢in + 6 coc )"

=2-3%5"=

X
x = 0 x (¢in “coec + -} =0

x (x )
x (x)=(2-3% 5} x [[ZA—3"+ 5} x (cin

—coc + -}/

= [2“—3”+ 5} x [{—3—+ 5 co(‘}“—(Z——S ¢in )+ [—2
cos¢ + 3 Cin }]

= (6 co¢ =9 ¢in =25 ¢in + 10-) %+ (4 co¢ -6 ¢in —715—+
25 coc )+ (4-

= (6 co¢ _gq Sin + 70—}'\4- (Z? co¢ -6 ¢in _75_},\
= (6 coc —45 cin + 16-)* (40 coc -6 ¢in -11-)"
=¢o¢ * ¢n ==~

= [—g'in *coc + -}
=co¢ *+ ¢in v+ "

-2x — X =X (x}

S [—g'/n + co¢ “+)’

= (—cin F co¢ + ]\"+(—co§' “ein )2 [‘/}
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X
x = % [—c/:« % coc + )

X
x = % (coc tooin + )

x (x )
x (x ) = 2% (coe “¢in }

= [—g'/n *eo¢ + }=

“(ecoc * cin }2
“(eos * ¢in }2 = —+ + (2+ 2)(coc *+ cin

J

= .“(—g’/n +coc + )=

((’/'14 + cog¢ }
[s’/n + co¢ ]\ = [ch« + co¢ } [—C/n + co¢
A+}

(2+2)"
(2 +2)=-

.y

[
[[ = [-x (x )] = 2c0¢

= to¢ + Cin

= ¢n + toc¢

ey

becomee x (x )
becomee x (x ) = 2% (% )
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2% (% )
2% (%) =-2[(")-(C}]

D= (ein + 2oc ). "

—x[x)

~x (x ) = =2¢in (ein + Coc ) + 27
= (-2¢in2 + 2)2¢in coc

= (-2(7 —cocZ} + Z) —2¢in co¢ ”
= [-(2¢c0¢2 )+ 2¢in coc }/

(2c0¢2 )2 + (2¢in coc )2

42 co¢qd + 92 coc2 ¢in2

42 cocy + 42 coc2 (1 —coc2 )

42 co¢qd + 92 coc2 —492 cocd

42 coc2

==3% 22"

J]
+
X

0+ x

=(000)+ (5-9-10} x (3+ 1-2}
=(0ovovo}+/

=(0% 0% 0}+ ((8+10)-(-10+ 30)% (5 + 12)}
=(0% 0% 0}+ (18~20% 12}

=18-20% 12"
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+x (
rx (=)

v x)
S E

(1+ 23+ 32)
(7+23+32)=1

(24 317+ 13)
(2+317+13)=2

(3+ 12+ 21)
(3+12+21)=3

17% 22% 33% (23 -32)% (
11% 22% 33% (23 - 32)% (27 - 13)%
(12 - 21)=

177 + 23 - 32
11+ 23-32=1

22 + 37 -13
22+ 371-13=2

33+ 12 - 21
33+172-27=3

11 + 32[3 - 23]2
11 + 323 - 23]2 = 1

22 + 1311 - 3113
22 + 13[1-31[3=2

33+ 2112 - 1211
334+ 2112 -12]1=3

=0+ + 2x + 'x+x[x]

= =% =2x —=x [x)——O
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g
0 = x [ x )

= - % =2x =X (x}-x (x
)

= 2.22 x 10-5rad/cec

= -2%x =X (x)
= -x (x ) ()

T+ 27
2% =-2% (%)
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Good (uck!

Keep practicing!
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