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Dr. Sarair Muhi Jowad Aut Lec: Lattr Hailder

Method Of Integration
1. Integration By Part
v e
— V=t —+VvV—
o e dx
v T e
= N — = —V — Vv
adx adx adx
ah n"n
= H— = — v —
-r dx -r rh -r dx
v e b T
= i1 = Vv — V——  ceeaas *
J. k' J. adx

Then equation (*) is the integration by part formula. In this method the
term [ udv is converted to another form that is integrated easily.

Ex: By using integration by part formula find the integral of x cosx dx.

Sol:

/ x cosxdx.

We use the formula / udv = uv / v du with
u = x. dv = cos x dx.
du = dx. v = sinx. ssmplest antidentvative of cos

/x COosSXdx = xsinx — / sinxdx = xsmmx + cosx + C.

Ex: By using integration by part formula find the integral of In x dx.
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Sol:  Since f Inxdy can be written as f Iny*1dx. we use the formula
f udv = v — f v du with

i = Inx Simplifies when differentiated dv = dx Easy to ntegrate
_1, .
du = Td\ V=2, Stmplest antidervative
Then

/hn‘d\' =xlnx - ]1“;141’.1 =xlnxy - /a’.\' =xlhx-x+C.

Ex : Find the integral of x?e*dx

Sol: [ xle¥dv.

- .
Withw = 2=, dv = e dv. dv = 2x dv, and v = ", we have

C— " .
f vetdy = x%et = 2 f xetdy.

The new mtegral 15 less complicated than the onginal because the exponent on v is
reduced by one. To evaluate the mtegral on the night, we integrate by parts agam with
= x.dv=e"dx. Thendn = dv.v = ¢*. and

f.w"'dr = xe¥ — fe*xci'-.' =xe¥ — ' 4+ C.
.l 3 3
]m“e‘cﬁ' = x“e* — 2[ xe® dx

Hence,

Il
-
™
I3
=
o

Ex : Find the integral of cosx e*dx
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/ e*cosxdx.

Letu = e*and dv = cosx dx. Thendu = e*dx. v = sinx. and

/excosxa’x = e¥sinx — /exshln'd\‘.

The second integral is like the first except that it has sin x in place of cos x. To evaluate it.
we use integration by parts with

ir=1e", dv = sinxdx. UV = —COSX. du = e*dx.

/e"cos.\‘ dx = e*sinx — <—e"cos.\' — /(—cos:\')(e"d.\'))

e*sinx + e¥cosx — /ex cosx dx.

Then

The unknown integral now appears on both sides of the equation. Adding the integral to
both sides and adding the constant of integration gives

2/ e*cosxdx = e'sinx + e*cosx + (.

Dividing by 2 and renaming the constant of integration gives

X e -4 X =
; e*sinx + e*cosx
/e* cosxdy = +C.

-

-

Home work:

g B2 /xsin%dx Z /Ocos'n'ﬂda
3. /tzcosrdt 4. /xzsmxdx
2 e
5. / x In xdx 6./.1‘31nxdx
1 1
7 4 /tmll_l’dv 8. /sixfly dy

9. / x sec’ x dx 10. / 4x sec? 2x dx

1 /1‘3e"dx 12. /p“e“Pdp
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2. An Integral with an even power of sin x and cos x:

. 9 : 3
sinx = +(1 —cos2x) and cos’x = =(1 + cos 2x)

b | —

For odd power. sin’x = 1 — cos?x and cos?x = 1 — sin?x.
3. Integration of the products of sines and cosines.

j Cm n Relevant Identities
sin™x cos™x

n odd cos®x = 1 — sin®x.
m even sin?x =1 — cos?x
m even 1

)
sin“x = =(1 — cos2x
n odd 5 ( )

1
cos?x = 5 (1 + cos2x)

4. Integration of the products of sinmx cosnx
fsinmx cosnx dx, fsinm.r sinnx dx, fcosmx cosnx dx

can be found by using the trigonometric identities

sina cos 8 = :L_[sinl[nr — B) +sin(e + £)]
sin@ sin B = %[cos{cr — B) —cos(a + B)]

cosacos fi = %[cos(a’ — B) + cos(a + )]

5. Partial Fractions
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S.No. | Form of the rational function Form of the partial fraction
Lo| P e A
(x—a) (x-b) x—a x-b
) px+q A i B i
" | x-a) x=a: (x—a)
3 px’ +gx+r A " B " C
i (x—a)(x—-b)(x—c) x—-a x-b x-c
4 px2+qx+r A + B 3 C
(x—a)* (x—b) x-a (x-a) x-b
px2 +gx+r A Bx+C
D5 3 + - s
(x—a)(x” +bx+c) xX—-a x +bx+c
where x2 + bx + ¢ cannot be factorised further

1 1
j dx = —-Inlax + bl + C
ax+ b a

j 1 dx = 1‘ 1
(ax+ 02" " ax+ b

+ C

f X dx = = njax?+ bl + C
ax2+bx”2a niax

1 1
e o = e C
faxz X 7 arctan(va x) +

x+5

Ex: Evaluate the integral of oD

x+5 A B

e (r-1)  x—4  x-1

Sol

x+5=Ax—1)+B(x—4)
1=A+8B

5=—-A—-4B

6 =—-3BthenB=-2,A=3

x+5 3 N 2
(x—4(x—-1) x—4 x-—1
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Thenf—dx—f(ﬁ+ﬁ)dx=31n(x—4)+21n(x—1)+c

2x—2
(x+5)(x+2)(x-3)

Ex: Evaluate the integral of

Sol:

2x —2 — A + Fii + [
xF+FSHx+2)x—3 x +5 x+2 x—3
( 16 M )

=2 = A(e+2)(x=3)+ B(x+5)(x=3) + C(x+5)(x+2) .
Substitute x=-2,  =4-2=0+B(3)(-5)+0 — -6=-I58 — B=%
)

Substitute x=3. 6-2=0+0+C(8)5) — 4=40C — (= LO
Substitute x==5, ~12= A(~3)(~8)+0+0 — -12=244 — A=-1

The partial fraction decomposition is 2x-2 ==L

r+5){+2){x-3)

f X dx =f[_lL+EL+iL dx

(x+5)(x+2)(x-3) 2 x+5 5x+5 10 x-3

b J—
.
+
wn

1 2 1
= —Eln(x +5) +§1n(x +5) +Eln(x -3)+c

. 4x
Ex: Evaluate the integral of Y

Sol:

4x - A + ¥
(x—2)7  *-2 (x-2)

4x = Ax-2)+ B .

A=4,0=—-2+«4+BthenB =8

([ 8 1. 4, 8
fm x__[[x—2+(x—2)2 x=4ln(x=2) =gt

2x—5
352

Ex: Evaluate the integral of
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x*=2x=5 _ x'=2x-5 _ 4
x’ =5x° x*x=5) x

Multiply by x*(x=5) toget x*-2x-5 = dx(x~5)+ B{x-5)+Cx*.
Substitute x=0. =-5=0+B(-5)+0 — B=1
Substitute x=5. 10 =0+0+C(25) — C=%

Substitute x=1. —6=A(—4)+(—4)+%(]) — Az%
fx —2x—5 j 3/5 1 2/5
[ ]dx
3 — 5x2 2 x—5
—31 + l (x—5)+
= glnx cIn(x c
. . x2+4x+12
Ex: Find the integral of DD
x*+4x+12 4 L BetC

(k-2)(*+4)  x-2 P44
Multiply by (x=2)(x>+4) toget x*+d4x+12 = Afx>+4)+ (Be +C)(x-2) .
Substitute x=2., 24 = A(S)'H) — A=3
Substitute x=0. 12 =3(4)+(C)(-2) — C=0
Substitute x=1. 17 =3(5)+(B)(-1) — B=-2

X% +4x+ 12
(x—=2)(x%2+4)

3 —2x
f[(x_2)+(x2+4)]dx=31n(x—2)_1n(x2_|_4)_|_C

Home work:

71



Dr. Sarair Muhi Jowad Aut Lec: Lattr Hailder

3-4x X 6
- '{x2+x d z If+7+10 s 3 I3x2--14x+8
3x7 +8x~7 2-dx” 3x
dx 5. d 6. d
foee®  * Jeme e ®  © Jemae-es
3-2x 3x -1 2x? +x+4
7. z dx 8. dx 9. [-— 177
'{xl +6x+9 I x'=2x* J- (r+1)(r-4)
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Areas of surface of revolution

A surface of revolution is a surface that is generated by revolving a plane
curve about an axis that lies in the same plane as the curve.

Some Surfaces of Revolution

P }
5
-
be o ead
-
-~
|

C
G
C

W/

A) The area of the surface ( S) generated by revolving the curve y = fix)
between x = @ and x = b about the x-axis.

3 » f dv 2
S = ] 2 f(x)y 1 + [ f(x)Pdx = [ 2.'!)'\,‘ 1+ (l_) dx
e - < “‘

B) The area of the surface ( S) generated by revolving the curve x = g(y)
betweeny=c¢ and y=d about the y-axis.

o R * | dx 4
S = 2ag(v)vV 1 + g (v)Fdy = [ 2ax /1 + (—) dy
4 J. \ dy

Example(1)

Find the surface area generated by revolving the
curve

1
y=+1—x2, OSXSE

about the x-axis.

Solution:

The graph of the curve is the upper semi-circle
of radius 1 centered at the origin.
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y=+1—x2

dy = —x
dx — 1— 2

b
:] 2nf (x)y1+ (f'(x))?dx
1/2 _ 2

—J. 2my 1 —xz‘j ( X )

_x2

1/2
= 2my/1—x2 |1 +1
n X 0

1/2
2my1 —x2 1
0 _

1/2
] 2mdx
0

= e =10

dx
xZ

Find the surface area generated by revolving the
curve

y = A 3x, 0<y<?2
about the y-axis.

Solution:
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d
5= | 2ngoIWT+ GO dy
2
0
=) ?y3mdy

u=1+y*

1
1 > 83 " du=4fﬁy:zdu=y%w

y=2=>u=17
y=0=>u=1

221
=f ?y3d1+;v“‘dy
17
2
=f n\/_ —du
1
=---=§(17x/ﬁ—1)



Dr. Sarair Muhi Jowad Aut Lec: Lattr Hailder

Application of integration
1. Area Between Two Curves

A- Integration with respect to x
In the first case the area between y = f (x) and y = g (x) on the

interval [a, b] is determined. If it is assumed that f'(x) > g ( x) .

y=g(x)

A=[r(x)—g(x)dx
B- Integration with respect to y
The area between x = f( y) and x = g () on the interval [c, d] with f( y)
>g (y)isgivenby :

A=["F(»)-g(y)d

2 B L

1 o
a b a b a b

Area between fand g Area below f Area below g

Ex: Find the area bounded by the x-axis and the curve : y = 2x — x2.

Sol: firstly the point of intersection between the curve and x- axis is
calculated by making y = 0,

2x —x%2=0
x(Z—x)=O.Eitherx=Oorx=2,A:f02(2x—x2)dx=

3

x3] ° 8
x? — 3| = 4 — 3= 1.33 squared unit
0
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Ex: Find the area bounded by the y-axis and the curve x = y? —y3
Sol: For x = 0 then y?(1—y)=0,y=0andy =1
1 3 471
y3 1 1 1
A= 2 _ 3 dv="——-"-| =——_=__
fo(y y*) dy =73 4]0 374 12
Ex: Determine the area of the region enclosed by: y = x% and y = /x

Sol: Fory =vx —x? =0,Vx(1—-x%%)=0,x =0andx = 1

3/2

34 1
A= a5

Ex: Determine the area of the region bounded by: y = 2x? + 10 and y =
4x + 16

Sol: Fory =4x+ 16 —2x?> —10 = —2x%*+ 4x + 6

y=0-2x*+4x+6=0

x?—=2x—-3=((x-3)(x+1)

x=3andx = —1

3 2X3 3
Azj [—2x2+4x+6]dx=—T+2x2+6x]

[—2 x 27
3

= —18 + 18 + 18 — (—3.334) = 21.334

+2
+2*9+6*3—(?+2—6)]

Ex: Determine the area of the region bounded by: y = 2x2 + 10,y =
4x +16,x = —2,andx =5
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Sol: The area from x = —1 to x = 3 is (area C)
calculated from the above example. Areas (A&B)

are calculated by:

-1
Apgp = j (2x% + 10 — 4x — 16)dx +
—2

5
j (2x% + 10 — 4x — 16)dx
3

_ (1,2 59,2
=J_, (2x* —4x — 6)dx + [ (2x* — 4x — 6)dx

2y3 3 5

-1
2X
=——2x2—6x] +——2x% — 6x
3 3

3
_2(-1+8) 125 — 27

20 - -6(-1+2)+2—
—2(25-9) - 6(5—3)

—14+6 6+298 2(16 12—14+196 32 —12
3 3 (16) 3 3

210
=T—44=70—44=26

The total area 1sAygp + Ac = 26 + 21.3 = 47.3
2. Volume of the Solids of revolution

A Solid of revolution is a solid that is generated by revolving a plane
region about a line that lies in the same plane as the region; the line is
called the axis of revolution.
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Some Familiar Solids of Revolution

A
Axis of revolution U

— ; Hollowed right
Right circular cylinder [ ’ Solid sphere Solid cone | circular cylinder
(@) (b) @ (d)

The Disk method

A)Revolution about x- axis

M=,
G

(a) (b)

Revolution about x-axis

78
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B) Revolution about Y- axis

x = i ¥)

[€) )

Disks

Revolution about Y -axis

V=LbA(x)dx V=jjA'[}')d}'

A= r(radius)” A= T(R )’ A=1(R(y))*

A(x) = 7 f(x)]
b d
V- f Al F )P dx V= f u) dy

Ex: Determine the volume of the solid generated by rotating the region
bounded by f(x) = x2 — 4x + 5 and x = 1,x = 4 about the x-axis.

Step 1 1s to sketch the bounding region and the solid obtained by rotating the region about the x-axis.
Here are both of these sketches.

i 5y
g
ar 7
&
i 5
- =
ak 3 1 4
2
1 1
]
1 . . Cx =

1] 1 2 3 4
Step 2: To get a cross section we cut the solid at any x, since the x-axis it the axis of rotation.

—

Q= N W A Wb A ®g
:"“ pd
hd
B
O = b W e W o 2 09
>u <
B J
S
=~
M
"

1
=
El
3
Lh

L
/
o

o
—

79
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A = m? = 7l (>)P
A(x)= (x> —4x+5) = 7(x* —8x* +26x> —40x + 25)

Step3. Determine the boundaries which will represent the limits of integration. Working from left to right
the first cross section will occur at x =1, and the last cross section will occur at x = 4 . These are the
limits of integration.

Step 4. Integrate to find the volume:
b 4 4

Ax )dx :;rj £ (x)dx :;rJ. (x2 —dx+ S)de = FTJ. (x4 —8x” +26x” —40x + ZS)Jx =
a 1 1

4

_18xm

V=

D ey

f{%xj — 2t 4+ ?f —20x% + 25x}

1

2. Finding volume of a solid of revolution using a washer method.
This 1s an extension of the disc method. The procedure is

essentially the same, but now we are dealing with a hollowed object and
two functions instead of one, so we have to take the difference of these
functions into the account.

The general formula 1n this case would be:
A= R'(RZ 7 ) where R 15 an outer radius and r 1s the inner radius.

FORMULAS: T=j.-1{3'}:’4".1‘. or respectively j A()dy

. The volume of the solid generated by a region between fixJand gix) bounded by the vertical lines
x=a and x=b, which is revolved about the x-axis is

&
V= ;rI |[.I" (x)) —(g(x)y |ﬁ’x (washer with respect to x)
2. The volume of the solid generated by a region between ffv) and g(v) bounded by the horizontal
lines y=¢ and y=d which is revolved about the v-axis

d
V= :r”{f[_r]f - [g{_r}f |n’1 (washer with respect to v)
Ex: Determine the volume of the solid generated by rotating the region

bounded by y = Vx, and y = xzthat lies in the first quadrant about the y-

axis.
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Solution

Step 1: Graph the bounding region and a graph of the object. The cross section is cut perpendicular to
the axis of rotation and 1t is a horizontal washer. The inmer and outer radii of the washer are x values, so
we will need to rewrite our functions into the formx = f b,)

% E 4 3 :F B 420 14 6 s
Here are the functions written in the correct form for this example.

y=§4";=>x=y3 and y=§=:>x=4y

Step 2. Graph couple of sketches of the boundaries of the walls of this object as well as a typical washer.
The sketch on the left includes the back portion of the object to give a little context to the figure on the
right.

N AN ]

The cross-sectional area is then, A(y) = 7:'((4)})2 - (y3 )2 ): ;-r(léyz —yﬁ)

Step 3. Working from the bottom of the solid to the top we can see that the first cross-section will occur
at y=0 and the last cross-section will occur at y=2.These will be the linuts of mtegration.

d 2 12
) 16 1 512
Step 4. The volume is then, 77 =IA(y)afy = ;rrj(]lﬁy2 —_vs)sbl = Fr[—ys ——y7J = =
c 0

3 7 21

0
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Lecture ¥ : Vectors
Vector components:

Quantities can be divided into:
V) scalar: which is defined by magnitude only, for example mass, time...

Y) vector: the quantity which needs magnitude and direction, for example force,

velocity, acceleration....

We shall denote the vector from (+»+) to (Y»+) by (i) and the vector

from (+>+) to (+»)) by (j) as shown in figure below:

»
Ll

y
v

A
A

Then any vector in the x - y plane can be divided in the terms of i and j.

AR
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Ex. Sketch the following vectors:

a) ¥i
b) - £
¢) -Yi+ Y]
y
Sol.: 4
a)
¥i
< £ » X
v
y
b) A
-¢1
< < » X
\ 4
y
A
C)
=Y1+Y
J ]
< » X
-Yi
v

AR
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Note: when we say the vector A~~~ B means: This vector directed from point A

bpoint B.

Arithmetic operation on vector:
V) Addition:

Let U_)1—> =i+ bl] and 17_>_)2"—) =yl + bz]

Then v'i> + v > = aqi + byj + ayi + byj

U_)1—> +
»
v

Vo

=(a; + ap)i + (b1 + by)j

¥) Subtraction:

Let v'1— = a4i + byj and v - = ayi + byj

Then v'1—= - v > = (ayi + byj) — (azi + B)
= (a1 — a)i+ (b1 — by)j

¥) Multiplication of vector by scalar:
Let v»» = ai + bj and c is scalar.

then c v =c(ai + bj) = cai + cbj

Yy

v

v
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Definitions:
V) Length of vector:
The length of vector 1» = ai + bj is usually denoted by | | which may be read as
"The magnitude of 1» " .
| 1| is found using Pythagoras theorem and as follows:
»=ai+bj

|v9|=\/a2+b2 y

v

Y) Zero vector:

Any vector of length zero is called zero vector @,
ai +bj =0
ai + bj =0i+0jifandonlyifa=b=-.

¥) Unit vector:

It is part from any vector. This part has length equal to unity and it is used to
describe the direction of the vector.

% =2 where & is unit vector of .

[v'>|

Ye¢
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Ex. Find the unit vector of ¥ = ai + bj and prove that unit vector depends on

the angle between the vector and the x - axis?

Sol
W= y
lv'>|
A
- _ ai+ bj )
1w = »
VaZ+b?
b
0 > X
a
N b
u"= a 1+
Va2+b? VaZ+b?

= cosOi + sindj

Ex. Find the unit vector of &£ = 3i + 4j.
Sol.:

_)
%=

|A=]

|A=|=V32 +42=2

12.)’:31'4'4': n)-Li + n)/\j

o

since
1 = cosOi + sindj
cos@ = 1

@ = oyo

Yo
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\Vector in Space:

Now we shall consider the vector in three dimensional space as follows:
(i) as a vector pointing from (+s+>+)to (Vs+5+)
(j) as a vector pointing from (+s+»>+) to (+5)*)

(k) as a vector pointing from (+>+5+)to (*>+»))

»
»

kA

4
v
<

Any vector A~ for example may be represented as:
A”=ai+bj+ck
and

|A=| = Va2 + b? + 2

Al



Dr. Sorair Mui Jawad Ayt Lee:. LavHr Haider

Ex.: Find a unit vector in the direction of vector from p (YY) and px(¥»Y>+).
Sol.:

p1p 2= (V)i (Y- (- )k
prpT T = Vi Y-k

Ip7"1p 2| =V4+4+1 =V9=3
P e 2i42j—k 2 1
Y Al

W = k

P12l
.

. 2.
l+;]—

Scalar product (dot product):

The scalar or dot product of two vectors A= and B>, denoted by A~. B® (read A~ dot B*),

is defined as the product of the magnitudes of A= and B> and the cosine of the angle

6 between them.

A2.B = |A7|.|B| cost, '

[A
S
[A
3

The following laws was valid:

. AB=B.A

VA (B+C) =A° B+ 4000
Yoiizjjskk=,ij=jk=ki=-

The dot product can be used to find:

V) The angle between two vectors.

Y —>F—
) The projection of vector B’ on A= =|B”| cosf = ad
A
v) . AR
The projectionof A= on B = |A™| cosf = __
B

Yv
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Ex. Find the angle between & =i — 2j — 2k and B> = 6i + 3j + 2k also find
the projection of £ on B* and B’ on A.

Sol.:
V) A2.B = |A°)|B| cosh
cosO = A

A=) B

AP B = VU4 (SY)RY 4 (Y)*Y = - ¢

A2 =vV1+4+4=3
|B?| =V36+9+4=7
cosf = _+ _ =%

YxV Y

6 = 101°

YA
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The projection of A~ on B = |A~| cosf = ET S
|B| v
Y - B> —
)The projection of vector B> on A= =| B | cosf = T
|Al v

Orthogonal vectors:

The two vectors A~ and B are orthogonal if and only if:

A°.B =0

AR
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Lecture 5: Partial Derivatives
1. Introduction

In many real-life applications, functions depend on more than one variable such as
f(x, y) or f(x, y, z). To understand how the function changes when only one
variable changes while all others remain constant, we use partial derivatives.

2. Definition

If f(x, y) is a function of two variables, then the partial derivative with
respect to x is:

of

0x
Meaning: differentiate with respect to x while treating y as a constant.
Similarly,

of

dy

Is the derivative with respect to y.

Example 1:

f(x,y) =x*y + 5y

of
— =2X

J0x y
of

ady >

27
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Example 2:

(X, y) =sin(x y)

of

ol cos(xy) *y
of «
ay cos (X y) * X

Example 3:

f(x,y,2) =x2 +yz + e*
f x=2x+ze¥

fy=z

fz=y+xe*

Ex.: Calculate 8Zand 92 of the following functions:
ox oy

a. z=x2+3xy+y—l
b. z= ln(}ii2 -y)
c. z=xcos(y) +ye"

d. z = ysin(xy)

Sol.:

a. To find %2 treat y as a constant and differentiate with respect to x. We
Ox

have z=x"+ 3xy +y- 1 so:

9z=72x+3
ox Y
Similarly
9z=3x+1
oy
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b. z = In(x -y)

ax  (x2—y) &2—y) 9y (%)

¢. z=xcos(y) + ye*

9z = cos(y) +ye© , 9z=-xsin(y) +e
0x ady

d. z= ysin(xy)
d )
— = yeos(xy)y = yeos(xy)

9z = xycos(Xy) + sin(xy)
ay

2- Derivatives of the Natural Logarithm Function (In)

1. Derivative of In(x) in One Variable
dfdx In(x) = i x>0

- Example:

= I3 +1)= (1] (3 +1) *6x=

(3% + 1)
3- Partial Derivative of a Multivariable In Function

If we have f(x, y) = In(xy + y*2), the partial derivatives are:
1. of/ox

f=1In(u), u=xy +y"2

offox=1/u*ouw/ox=1/(xy +y2)*y=y/(xy +y*2)
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4- More Complex In Function

Example: f(x, y, z) = In(xy + z?)

Partial derivative w.r.t x: 6f/ox = 1/(xy +z?) *y =y [ (xy + Z?)
Partial derivative w.r.t y: 6f/0y = 1/(xy + z?) * x = x [ (xy + z?)
Partial derivative w.r.t z: 6f/0z = 1/(xy + z%) * 22 =2z | (xy + z?)
5- Derivative of e* in One Variable

d/dx e* = e*

- Basic rule: the derivative of e* is itself.

- Example:

d/dx e =3 e *

Partial Derivative of a Multivariable Exponential Function
If we have f(x, y) = e X *¥2 the partial derivatives are:

1. of/ox

f=eY, u=xy+y?

Of/ox = e * Qu/ox = eV Y2 *y=yegX+y?

ot/ oy

ou/0y = x + 2y

Of/0y = e * (X + 2y) = (X + 2y) e Y *¥2

More Complex Exponential Functions

Example: f(x,y, z) =e¥*2

Partial derivative w.r.t x: of/ox = e® 22 * y =y gty +22)
Partial derivative w.r.t y: of/oy = e 22 * x = x g Xy *+22)
Partial derivative w.r.t z: 6f/0z =e ®*22) * 27 = 27 ¢ W *22)
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