DESISTUDENTS.ME

Assignment — 4

Topic: Taylor and Maclurin series

(Disclaimer: The purpose of these Al-generated responses is just education and reference. Utilise them to grasp topics and structure, but
always rewrite in your own words and double-check the content before submitting. Academic misuse is not the creator's fault.)

Question 1: Express the following functions in power series using the formula of
Maclaurin series:

(1)e”

(2) sinx
3)log (1 +x)
(4)tan "1x

Solution:
Part (1): e*

Step 1: Find derivatives.

flx) = ex;f’(x) = ex,f”(x) = ex,f(n)(x) = e¥
fO)=1f(0)=1f"(0)=1FM0) =1

Step 2: Apply Maclaurin series formula.

ex=z fn(o)xn=z x"
n! n!
n=0 n=0

x?  x3
—1+x+?+§+

Part (2): sinx
Step 1: Find derivatives.
f(x) =sin x, f'(x) = cos x, f""(x) = —sin x, f"""(x) = —cos x, f®(x)

= sin x

f(0)=0,£'(0) =1,£"(0) = 0,f"(0) = —1,f®(0) = 0

Step 2: Apply Maclaurin series formula.
3 5

_ f(")() X x
sin x = Z "=0+x +0—§+0+§—~
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x3 x5 X7
sin x =x—§+§—ﬁ+---
Part (3): log (1 + x)
Step 1: Find derivatives.
F) = 10g (142, () = T () = = (1) = o
1+x (1+ x)? (1+x)3

£0) =0,'(0) = 1,£(0) = =1,f"(0) = 2, f¥(0) = =6

Step 2: Apply Maclaurin series formula.

[ee]

log (1+x) = ) (—1)*1-1’;—"

n=1
2 3 44
Part (4): tan "1 x
Step 1: Find derivatives.
-1 ’ 1 " 2x
f(x)=tan'x, f'(x) = m,f (x) = _m’

f(0)=0,f'(0) =1,£"(0) = 0,f"(0) = =2, f*®(0) = 0, f*(0) = 24

Step 2: Apply Maclaurin series formula.

[ee]

2n+1
tan_lxzz (—1)nx
2n+1
n=0
tan ~? x3+x5 x7+
an T x=x——+———
3 5 7

Question 2: Expand the following functions in powers of (x — a) using Taylor's
series.
(D f(x)=x>—2x+4,a=2

November 28, 2025



DESISTUDENTS.ME

(2) f(x) = x* —11x3 + 43x?> — 60x + 14,a = 3

Solution:
Part(1): f(x) =x3—2x+4,a =2
Step 1: Compute derivatives.

frx) =3x%=2,f"(x) = 6x,f"(x) = 6,fP(x) = 0

Step 2: Evaluate at x = 2.

f(2)=8—-4+4=38
fl(2)=12-2=10,f"(2) =12,f"(2) = 6

Step 3: Apply Taylor series.

n 2
F) = F@ + F @ -2+ 2 -2+

=8+ 10(x —2) + 6(x —2)* + (x — 2)3
f(x)=8+10(x—2)+ 6(x —2)* + (x — 2)3

flll(z)

3 (x —2)3

Part (2): f(x) = x* — 11x3 + 43x2 — 60x + 14,a = 3
Step 1: Compute derivatives.

f'(x) = 4x® — 33x% + 86x — 60
f"(x) = 12x* — 66x + 86
f'""(x) = 24x — 66

f®(x) =24

Step 2: Evaluate at x = 3.
f(3)=81—-297+387—-180+14=5
f'(3) =108 —297 + 258 -60 =9
f"(3) =108—-198 + 86 = —4
f"(3)=72—-66=6
f®(3) =24

Step 3: Apply Taylor series.
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4 6 24
f(x) =5+9(x—3)—z(x—3)2+§(x—3)3+z(x—3)4
=54+9(x—-3)—2(x—-3)*+(x—3)3+ (x—3)*

f)=5+9(x—-3)—2(x—-3)*+(x—3)*+ (x—3)*

Question 3: Expand sin(g + x) in powers of x. Find approximate value
of sin46° and sin 44°.

Solution:
Step 1: Let f(t) =sin t, t = % + x, expand about %.

Step 2: Compute derivatives at %-

[ _\/f T n_\/f
IIT[ - \/z IIIT[ n \/Z
(@) =—sinz=——,f"(7) =—cos x =——
Step 3: Taylor expansion.
sin(z+x)—£+£x—£x2—£x3+
4 2 2 4 12
T V2 x? x3
— _Veq XX
sm(4+x) 2( +x > 6+ )

Step 4: For sin 46°, 46° = g +1°="+4 io 0 x = — ~ 0.017453.

4 18 180
2 0.017453)2
sin 46° = g(l + 0.017453 — %)

~ 0.707107 x (1.017453 — 0.000152) ~ 0.707107 x 1.017301 =~ 0.71934
[sin 46° ~ 0.71934]|

Step 5: For sin 44°, x = —% ~ —0.017453.

2 0.017453)2
sin 44° = g(l —0.017453 — %)

~ 0.707107 x (0.982547 — 0.000152) ~ 0.707107 X 0.982395 ~ 0.69466
[sin 44° ~ 0.69466|
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Question 4: Using Taylor's series find approximate value of v/36.12 and v/9.12.

Solution:

Part (1): v36.12
Step 1: Let f(x) = +/x, expand about a = 36, x = 36.12,s0o h = 0.12.

Step 2: Compute derivatives.

1 1
f336) =6,f"(x) = PN f'36) =

1 1
" - _ n 36 — — - —
[T = =45 = TG0 = =516 = ~ 5es
Step 3: Taylor expansion.
012 1 1
~ —_— e, — ¢ ————— 2
V36.12 = 6 + 2 "2 86a (0.12)
1
=6+ 0.01— 1728 0.0144
= 6.01 — 0.00000833 = 6.00999167
v36.12 = 6.00999
Part (2): v9.12
Step 1: Expand f(x) = v/x abouta = 9, h = 0.12.
Step 2: Compute derivatives.
9—3’9—1”9— L _ !

Step 3: Taylor expansion.
012 1 1

~ — — — @ — 2
V912 =3+ —— =2 = (012)
1
=3+0.02 — > 0.0144

= 3.02 — 0.00006667 ~ 3.01993333
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v9.12 = 3.01993

Question 5: Find absolute extreme value of the function f(x) = x +1n x;0.5 <
x < 4.

Solution:

Step 1: Find derivative.

/] _1 1
Fe =1+

Step 2: Set derivative to zero.

1

1+—-=0=>-=-1=>x=-1
X X

Not in domain (0.5,4), so no critical point inside.

Step 3: Evaluate at endpoints.

£(0.5) =0.5+1n 0.5 ~ 0.5 — 0.6931 = —0.1931
f(4)=4+1n 4 ~ 4 + 1.3863 = 5.3863

Step 4: Compare values.
Absolute minimum: —0.1931 at x = 0.5
Absolute maximum: 5.3863 at x = 4

|Abs min: — 0.1931 at x = 0.5,Abs max: 5.3863 atx = 4

Question 6: Find the extreme values (absolute & local) of the function y =

—— over its natural domain.
x“+1

Solution:
Step 1: Domain: all real x.

Step 2: Find derivative.
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P+ DM) —x(x) 2 +1-2x2  1-x?
B (x2 + 1)2 2+ 1) (x2+1)2

!

Step 3: Sety’ = 0.

Step 4: Evaluate y at these points.

ho L 1
YD =177177
A SO
YED =177 73
Step 5: Check limits as x — too.
X

0

im =
x-toox2 + 1

Step 6: Determine nature.

Asx = too,y - 0.

Atx =1,y = 0.5 is a local maximum.

Atx = =1, y = —0.5 is a local minimum.

No absolute max/min since domain is all real and function approaches but does not
attain values greater than 0.5 or less than -0.5 except at these finite points.

1
Local max: > at x = 1,Local min: — > atx = —1
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