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< 0 <, thic will be a cone opening up or open

< 0 <, thic will be a cone opening up or opening down. I 0
=2

X-axi¢ 6/
X-2xi¢ 6/ = 0}

x2 +y2
x2 +y2 = 0 (along y = 0)

x2 +y2
x2 +y2 = 0.5 (along y = x)

(Along x-axic, y
(Along x-axic, y = 0)

(Along y-axic, x
(Along y-axic, x = 0)

2
z=/h[x2 +y2} [n [x +y)
= 2x2 + 2xy x2 Y2
=x2+ 2xy y2

w

w = x2 +3y2+922-xyz
dy

a/y =6y -xz
dz

dz = 8z - xy

w

w=x2+y+z+49

x=et,y=coct,z=C+ 9

= (2x) (et) + (1) . (Sint) + (1) (1)
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=2 (et) (et) Sint + 1
=2e2t Sint+ 1

.
r=xityj+zk

(et a
(et a = a1i + a2 + a3k

and b
and b = b1/ + b2j + b3k

a+b
a+b=(a1i+a2j+a3k) + (b7i + b2j + b3k)

=(@1+61)i+ (a2 + b2 )+ (a3 + b3)k

a-b
a-b=(at1+ a2j + a3k) - (b1i + b2j + b3k)

=(a1-61)i+(a2-62)j+ (a3 - b3)k

parallel to the vector v
parallel to the vector v = 4/ + 0f - Z.

‘/[x—3}+26/+ 1)-5(G-17)
‘/[x—3}+2@+7)—5[z—7}=0

Ix + 2y — 5z + 25
Ix+2y-52+25=20

v

v = (XZ x1)i + 6/2 _y7)j

(x y)
(x, y) = ax + by
=al+ éJz h

icax+ by +c
icax+by+c=20
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oxT + byT + ¢
oaxT + byl +¢ =0

ax2 + by2 + ¢
ax2 + by2 + ¢ =0

alx2 x1)+b6 {2 y1)
alx2 x1)+b6 (2 y1)=0

oax + by + cz + d
ax+by+cz+d=0

oxT + by1 + c21 + d
oxT + byl +cz1+d=0

ax2+ by2 +cz2 +d
ax2+by2+cz2+d=0

=ax+ by + cz

=ai+ bj + ck
fx (P)

i (P) = 36, fy[p): 24, (P)=-12
36(x - 2)+24(y - 3) -12(z - ¢)

36(x - 2) + 240y - 3) -12(z- 6) = 0
3x+2y-2-6

3x+2y-2-6=20

Fz(0,0 0)
Fz(0,0 0)=-1

Fx(0,00)(x o)+fy (0,0,0)(y 0) +
Fx(0,00)(x 0)+fy (0,00)y 0)+fz(000)0)=0

2

2 S 20+Fz[p o)t
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Flxy,2)

f[x,y,z} =92 y2+322 10

76& &W+66H3)+6(2‘U

16(x 2}+66/+3}+6(z 1) =0

Ex + 3y + 3z
Sx + 3y + 32=10

16
16 =y + 3

5
5=y+3

2 (2)6 (4)-2

2 (2)6 (4)-2 = 14

&(ZQCW
E(2 4 9)=-1

t(249)(x 2)+ Fy (2990 )+ £ (249)(
 (249)(x2)+ fy (249) )+ 2 (249)= 9) = 0

196 2)+( 2)l 9) = 4)
7‘/[)( Z]+[2)[y 9) [z 4) =0

9 (x y 2)

9 [X, y/ Z) S () == [Z)
Fxgx+Fyay+fz92

Fxgx+Fyqy+fzg9z=20
/(x0)

/(x0) = F(x0)(x x0) or
Y

y=Fx0o)+F
Y

y=X+X X
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JrJy
y+ y = coc (x+x) = co¢ (x+dx)

= co¢ (6 0+7)=coc61

coc61
coc6T = y+ y = cocx + y

df

df = fx (x g,y 0}£{x+fy[x0,y0)£{y
di/

dl/ = I/ xd x + Vydy + l/zdx

dV/
dl/ = yzdx + xzdy + zydz (1)

dA
dA = Axdx+Aydy = ydx + xdy

flxy)

f'[x,y}:x3+y3 3axy, a > 0.

Fx,y)
f(x,y)=x2+y2

2

2= flx y) = x 2 + y2 (Paraboloid)

Flxy)
Flxy) = 2x4 + y2 x2 2y

2, Fxx(1,1)
Z,fxx(7,7): 712 <0
2
2=128>0
Z,fxx[7, 7}
2,fxx( 1 1)=12<0

2
2=1258>0
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£/(x)

F/lx) =3 x2+2x-1

(3)( 7} (x+ 7)
(3x 1) [x+7}=0

£ (x)

Flx)=(x 2)2/3
h(x)

hix) =x 2/30n[ 2, 3]
flxy)

F[le) = 2 + 2x +2y-x2-y2
U(x)

Ulx) = Flx 0)=2+2x-x2
U/ (x)

U/(x) = 2-2x=0 Then x=1
)

V@}=f[0,y}= 2+2y-y2
With y

With y = 7 - x, we have
flxy)

Flx _y) = 242x+2(9 - x)-x2-(7- x)2

At thic value of x, y
At thie value of x, y=9- 9/2

Flxy)
Flx.y)=3xy-6x-3y+7
flx y)
Flx, y) = 3xy 6x 3y + 7
vy)

vé/} =f[0,y)= 3y+2 0



y Cemfm'ng HUB

vulearninghub.xyz

MTH201

w (x)

w (x)= 10x+ 14

10x + 19
10x + 14 = 0

Flxy)
Flxy)=xy(48-x-y)

fy
Fy=48x-2xy-x2
F xx (76, 76)
Fux (16,16 )= -32<0
Fyy (16, 16 )
Fyy (16, 16 ) = - 32
2
2=765>0

Flxy)

Fley) =x2+y2+22
C
c=70[X}’+Xy]+5[xz+xz}+5@z+yz) _______________ [7)

C
C=20xy+10(x+y)z

C=20xy+ 70(x+y} 16
C

C=20xy+ 160

C x

C x =20y - 160
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5
§=490>0

fxx [’/, 2, Z}

fxx(7, 2, 2)= 24<0
=320>0

Y
y=2x0rx=y/2

R
8= [(x,y):0< x<T1, 0<y< Zf

y+z
y+z=4%andz=0.

the y-axic, and the line y
the y-axic, and the line y = 2 2x [cet

Y
y=- 9-x2
=6(22)+ 8
Y
Y =FSQin
Plx y)
/D(X,y) :p[”/)
X
X = r co¢
J
Y =FSin
x2 +y2
x2+y2=r2
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Y/ x

_y/x =tan
X

X=Fceo¢ a=r¥coe -------—- [7}
v (Acoc + B ¢in) + (

v (Acoc + B ¢in) + C = 0
r=oa+b ¢in, r = abein

r=a+b co¢ , r = abco¢

,

r:a[7—co§’)
,

r=a(7+co§’)
i

r=a(’/+§/n)
r

I’=a[7—§'/'h)

through the origin when
through the origin when = /4 co the line = /4 i¢

[>0}okr
[>0]0kk:a

Chetch the curve r
Sketeh the curve r = (> 0) in polar coordinate.

x-oxi¢ and the curve y
x-oaxi¢ and the curve y = 1 x2

ex2+y2dy dx
ex2+y2dy dx =

— 10 —
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e-(x2+y2)dxdy
e-(x2+y2)dxdy = lim

-1 432x dx
-1 432x dx = 216x2 |

0()( Zy+z} dz dy dx
O[X Zy+z} dz dy dx=

0 (x 2x3 + x5) dx
0 (x 2x3 + x5) dx=1

r (t)
r(t) =) y)=xt)i+y(t))
r (t)
r(t) =) ylt)z0E)=xt)i+ylt)+z )k
Ry — ()
') +_yj
x/+yj=x[t]/+y [t)j ————————— [Z)
x=x(t),y=y @) z=2(t)----—- (3)
xi+ yj + 2k
x/+_yj+zk =)<[Zf}/+_y(t)j+z(t)k --------- [4)
if we let r
if we let ¥ = x i +y j and
r(t)
r[t) = x(t] / +y(t}j in 2-¢apce
') +_yj

Xxi+yj=t2i+3t)

xi+ yj + 2k
xi+ yj +zk = (coc t)i + (¢in t)j + th

- 17—
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x/+yj+zé
x/+yj+z,é=(t3+/}/+ 3/+etk

x=t3+17,y=32z=c¢t
x/'+yj
Xi+y) = [cog’ t)i + [g'/n t}j, O<tc2
x
x=co§t,y=§fnt[0<t<2)
xi+ yj + 2k
xi + yj + 2k = (coct)i + (cint)j + 24, 0 < t < 2
X

x=coct, y=cint 2=2 (0 <t < 2)

[he correcponding parametric equations are x

The cokkes’,bond/’ng parametric equationc arex = 2+t y = 3L, 2
=5 49t

Ife
If ¢ = x0i + y0j (in Z—s’pace], then the graph ic the point (x0,
yO}, Ahc{ //[

=1+49=5

and for a function r(t)
and for a function v(t) = x(t)i +y[t)j +2(t)t
W/ (t)
k/(t] = lim
differentiable, then r/(t)
differentinble, then v/(t) = x/(t)i + y/ (t)j
v/ (t)
W/ (t) = /(&) + y/(t)j + 2/ (t)k

v/(t)
v/ [ t} = lim

— 12—



VU Learning HUB

vulearninghub.xyz

MTH201

=x/(t)i + y/(t)
(et r[t)

Let v(t) = t2i +t3). Find v/(t) and v/(1)
v/(t)

v/(t) = d

=2t i+ 3t2]
v/(1)

F/[7} = Z/'+3j.
-

rF=r (tO} +C r/(tO}
X + _yj + Z:é

Xi+ Yy + 2k = [coct]/ + [g'/n t)j + tk
Thuge, r(t)

Thag, #(t) = (coc t)i + (cin t)) + th
H/(t)

W/(t) = (cint)i + (coct)] + k

v/ (t)

W/(t) = 2ti + 3t2)

of the tangent line at thic point ic r
of the tangent line at thic point ic r = v(1) + t v/(1)
r
r= [/+J’)+ t[2/'+ S’j)
dt [r1(t) + r2(t)]
dt [¥1(t) + r2(t)] = 4
r[t}. r/[t}
k(). v/ (t) = 0

[r1(t)+r2(t)] dt
[r1(t)+r2(t)] dt = v1(E)dt + r2(¢t) dt (%)

— 13—
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r(t) dt
w(t) dt = R(t) + C

(3 coc t)i + (3 Sin t)j, O<t<c2-—---- (7]

S
]

x(t), y=ylt) (a<t<b)

X
I

x(t), y=ylt) z=2(t) (a <t <b)
and in 3-gcpace by x
and in 3-¢cpace éy X = x[(’}, Y =y[§'), 2=z [9}

X

x=2t+1y=3¢t 2

X

x=2u+71y=3u 2
13¢+ 1

13¢+ 1 =2

t0 (& cinu)2 + (& coc u)2 du
t0 (& cinu)2 + (a coc u)2 du =

1 9t4 + 1 + 62 dt
199 + 1+ 6t2dt =

=/t3+t/

dt
dt = eti Ye-tj

r=eu + 9e-u2j

du

du = 2u eu2i Sue-u2j
1. 2

1.2 = x2 +y2

— 14—
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4. 2
4.2 =x2 + 2y2 + 3w2
1. dz
1.dz = 2 (x dx +y dy)
2. dz
2. dz = x2 (3 cin 2y dx + 2x coc 2y dy)
3. d=
3. dz = e3y [Zc{x + [6x 3) a/yf
4. dz
4. dz = 2 (xdx + 2ydy + 3wdw)
5. dz
5. dz = x2y [Z_ywc(x + 2xwdy + xydw}
dz
dz = [3)(2 + ‘/yZ) dx + 5xy a/y.
p
P = 3x2+4y2 P
dz
dz = (1 + &xy) dx + 5x2 dy.
for dz
for dz = (1 + Exy) dx + 5x2 dy
p
P=1+5xy P
1. dz
1. dz = 4x3y3dx + 3x4y2 dy
2. dz
2. dz = (4x3y+2xy3) dx+(x4+3x2y2) dy
3. dz

3. dz=(15y2e3x+2xy2)dx+(10ye3x+x2y)dy

— 15—
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4. dz
4. dz=(3x2e2y2y2e3x)dx+(2x3e2y2ye3x)dy

5. dz
5. dz=(4y3cocdx+3x2c0¢2y)dx+(3y2¢in4x2x3 cin 2y) dy.

dz
dz = Pdx+Qdy where P=2

dz
dz = (2xy + 6x) dx + (x2 + 2y3) dy.

X
x = 2xy + 6x 2= [ny+6x}dx

z=x2y +y9

2

z = x2y + 3x2+f6/}
z=x2y + yq

z = x2y + 3x2 + y9

dz
dz = (8edx + 2xy2) dx+(4 cocy+2x2y) dy

= Sedx + 2xy2

2

z= (Sedx + nyZ) dx

z

2 = 2e4x + x2y2 + fly) (i)

J
y = 9coc 9y + 2x2y

— 16 —
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2

2= (4eoc 9y + 2x2y) dy

2

z=¢n 4y +x2y2 + F[x}

2
z = 2e9x + x2y2 + ¢in 4y

J
y = 4x for x > 0.

AB Ft de
AB Ft de = AB (P dx + Qdy)

along the curve y
along the curve y = 1 + x2.

ic the curve y
i¢ the carve y = 1 + x2.

C [Pa/x+é]a/y]
C (Pdx+Qdy) =

Alco y
Alco y = 2 + x

0 {9x2dx+32xYdx]
0 {Ix2dx+32x4dxf= 47

0 {(1+ 2y) (0) + ydyf
0{(1+ 2y) (0) + ydyf =

3 and IeT+c2
3and IeT1+c2 = 81

AB {P dx+Q dyf
AB {P dx+Q dyf =

3. (&) For a path of integration parallel to the

3. (a) For a path of integration parallel to the y-axic, ie. x =
k dx = 0

— 17—
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Ie
Ie = TAB = IAK + IKB.

C (x +y) dx from A(0, 1) to B (0, 1) along the

C (x +y) dx from A(0, 1) to B (0, 1) along the cemi-circle
x2+y2=1

C [Pa/x + Qa/y} and in thie ,bwtica/w cace,
C (Pdx + Qdy) and in thic particular cace, = 0

0(x+1 x2 x+ 1 x2 dx
0(x+7 x2 x+ 1 x2dx =2

0 (1+coc2)d
0 (1+co¢2)d=

Finally, T

Finally, I = I1+12+13 = 1
3+ 0

3+0=1

y dx when ¢ i¢ the circle x2+y2
y dx when ¢ i¢ the circle x2+y2 = 4.

-2 4 x2 dx
24 x2dx= ¢

I
I =0 {xydx + (1 +y2) dyf

0 (1+y2)dy
0 (1+y2)dy =

2 (1+y2) dy
2 (1+y2) dy=

X
x=0 [‘/x+3xy)d§' =

0 (4x+3xy)( 5) dx. But y
0 [‘/x+3xy)(5} dx. Buty = 2x

— 18 —
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0 (4x+6x2)( 5) dx
0 (4x+6x2)(5) dx = 2 5

0 (2x+3x2) dx
0 (2x+3x2) dx = 4 5
= co¢2t+ein2t =1 de¢ = dt

0 {3x2xYdx+2x3x2 2xdx{
0 {3x2xYdx+2x3x22xdxf=

I3
I3 =0+128 = 128

X
x=3y 2= 3ydz=3xy+/f[y} ———————— [/)
Hehce P4

Hehce z=3xy+y2

C{3ydx + (3x+2y)dyf
C{3ydx + (3x+2y)dyf=

(1,2) c([ny+yZ)
(1,2) d(?xy+y2}:[3xy+y2]

X
x =x2+yex 2z =x3

2
z=yex +y2

Ie1 + Ie2
Ie1+1e2=0

IF (P dx + Q dy) ic an exact differential O (
IF (P dx + Q dy) ic an exact differential, O (P dx + Q dy) = 0

dz

dz = Pdx + Q dy + R dw ic an exact differential of 2 = flx, y, w)

pa

z= [x3y+7)c{w =y3yw+u/+1’é/)+9[x}

— 19—
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2
z=x3yw + 3x2 Y2 + w

I
I-= &Byw - 3x24’y2+w]

I
I= [;<3yw - 3x2‘/y2+w]

x2 + Ty2
x2 + y2 = 16.

J
y=Tand =2y +x @
x2+7y2
x2+9y2 = 16 i.e. x2
p
P=2x+y
C {Pedx+ Qdyf
C {Pdx+ Qdy/=

x
x =0 for x > 0.

7 {3x3 dx (x3 + 1) dx{
7 [3)(3 dx [x? + 1) dxf =

2+ 0
2+0=11

Path of integration parallel to y-axic, dx

Path of integration parallel to y-axic, dx = 0 Ic =

Path of integration parallel to x-axic, dy

Path of integration parallel to x-axic, dy = 0 Ic =

C (P dx+Q dy)
C (P dx+Q dy)=

— 20—
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IF A
IFA = ali + 2] + a3k, then

= 2xy xz + 2yz

IF A
IF A= ali + a2] + a3k then curl A=A.

F
F=if2 2xcocyl j{1 e2xyf+ k ({22 cocy 2xze2xy]

(e) With a vector function A
(e) With a vector function A = ax i + ay j + az k

= 2xy + 23 --x3 = [g’ay}

zk
2k = (2y -- 3x2]/+[2x)j+[322]/€

= xyz 2y2z + x222

2k
2k =(yz+2x22)i + (x24y2)j + (xy2y2+2x22) k

= (2yz2xyz)i+x2yj+ (yz2x22 )k
= 22i(2x2 2y+2xy)j+(2xy 22+ 2x2 )k
=i0 jO+k0=0
A
A= axi + ay] + azk
= x(-coex)-(-coex)(1)dx= -x(coex ) +coex d x = -x(coex)+¢in x

r + dr, then PQ
v+ dr, then PQ = r

integrand ic exprecced in terme of x, y, z with d

integrand ic exprecced in terme of x, y, z with dr = dx i + dy |
+dz k

— 27—
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integrand ic exprecced in terme of x, y, z with d
integrand ic exprecced in terme of x, y, z with dr =dx i + dy j +
dz k

dr
dr=dxi+ dy j+ dz k dr=3du i +%udu | +3u2du &

724 (3 +9u +3u )du
124 (3 +%u +3u )du= 36

2

2= t+5 between A(0,0,5) and B(4,9,2) . Ac before, expreccing |/
and dr in term of the

= (t2 )(2t)+(4t2)(t+5)
= 6t3 + 20t2.

z
2=t+5dz=dt

dr

dr = dxi + dy | + dzk
=2t dti+ 2dt)+ dtk

r
F=F1i+F2]+F3k

And dr
And dr = dx i +dy | +dz &
IFF(r)
IFF(r) = X2y i+ xz ]+ 2yz k , Evaluate

F
F=32¢t49i+49t4]-9t5«

dr
dr = 4dt i + 4t dt j + 3t2 &

= (1285¢9+16t5 + 12¢7) dt

— 22—
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IFF(r)
IFF(r) = x2y i + 2yz] + 322x k
F.dr
Fodr=(x2yi+ 2yz + 322xk).
F.dr
de=x2y4x+2yzdy+ 32 2x dz
F.d r
Fdr= x2ydx + 2yzdy+32 2xdz
F.dr
F.dr=0+0+0 = 0
F.dr
Fdr=0+0+0=0
F. dr
F.dr=0+0+
fa
F=2t3i+172t2]+ 27t3 £
dr

d r = dxi +dyj +kdz = dt | + 2dt j +3d¢t &

0 (83t3 + 29t 2 ) dt
0 (83t3 + 24t 2 ) dt =

when x
when x = 0, y+2=2ie.2= 2 y

§02x+y+z
So 2x + y + z = 2 cute the axe¢ at

2

2=2(1-x) -y

v Fdl/
ch{l/:S [Z/+1é)

— 23—
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J
y= 1/ 1+x2

—2¢—
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Good (uck!

Keep practicing!



