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Coefficients, terms and useful approximations

6 concepts 6 worked examples
BE T YRV ©E 5o Y IaTeR0T

Learning targets / i & @ga

* Locate a required term without expanding everything.
* Use coefficient identities strategically.

+ Distinguish finite expansions from convergent series.

Before you start: Combinations and integer powers.

Concept map & question links / sfauRom g

Concept Learn + explain / 3raerRom

c1 Build the expansion by choosing
p.2 T T UOR 995

c2 Target a term by its exponent

p. 2 gifesd =1d aTelt ug

c3 Find constant and middle terms
p.3 3R 3R AT UG

c4 Turn coefficients into sums

p-3 TUTeRT o T

cs Compare neighbouring terms
p.4 SR Y&l &l g

cé Extend to non-integer powers
p.4 R-qurfep Gl T TER

Read C1-C6 — attempt Q01-Q12 — check solutions - complete the extension.

12 practice questions

g X UH

Practice

QO1

Q02, Q03, Q04

QO05, Q06, Q07

Q08, Q09, Q10

Q11

Q12

Ugat 3GYRUN g, fOhe foFT 81 G U & | TTeAclt 811 IR U & C-ahis ¥ Gafed UTS SIaRT g |

Green panels: key formulas and conditions. Amber panels: common errors. Each lesson has an English explanation, a Hindi

explanation and a worked example.
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LEARN e« g#Hs

Concepts 1 & 2

C1/ KEY CONCEPT
Build the expansion by choosing / a1 & yaR Twst

In multiplying n copies of (a + b), each product term selects b from some factors and a from the rest.
Choosing r factors for b gives C(n,r). This counting argument explains both the coefficient and the powers,
for nonnegative integer n.

(a + b) &I n ufddi & & r ST b A4 & C(n,r) ateh €1 TGt TUTich IT &1 IaTE0T H (X + 3)* & UTich
ATt @7 3 i a1di bl off A Y hae UTeehel o uTich feiaTT Tafe T8l gl

(a+b)"=Z fromr =0 to n of C(n,r)a"rbr.

WORKED EXAMPLE 1 / & faram Serewur
Expand (x + 3)%.
Solution: The coefficients are 1,4,6,4,1. The result is x* + 12x3 + 54x2 + 108x + 81.

WATCH OUT: The coefficient of a power includes constants raised to powers.

C2 / KEY CONCEPT
Target a term by its exponent / gifédd a1 arer ug

The general term avoids a full expansion. Substitute the two expressions into the term formula, simplify
the power of x, and equate its exponent to the target. The resulting r must be an integer from 0 to n.

R TR & ST HHTI UG feltd 3fR x chl OTd ehl 3T1aedeh BTd & sRTSR 3@ | 3GTe0T 7 (2 + x)° & faig x3
e o r = 3 g1 7JuTiak C(6,3) x 23 = 160 &1

Tr+1 = C(n,r)a™—rbr.

WORKED EXAMPLE 2 / gt f3ar Iarawor
Find the coefficient of x3 in (2 + x)s.
Solution: The x power is r, so r = 3. The coefficient is C(6,3)23 = 20 x 8 = 160.

WATCH OUT: The index r corresponds to term number r + 1.
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LEARN e« g#Hs

Concepts 3 &4
C3 / KEY CONCEPT
Find constant and middle terms / 3R 3R Heg U

A constant term has total exponent zero. A standard binomial expansion has n + 1 terms before any
special simplification. If n is even there is one middle term; if n is odd there are two. Locate their positions
before substituting.

3R UG o felu x &l et BT I 7 | IQTE0T A ST °TT 12 - 3r g, 3T r =4 R 3R ug 15813 r
quTich = et af 98 ug Hisg &l il

n even: middle Tn/2 L odd: middle T(n +1)/2 and T(n +3)/2"

WORKED EXAMPLE 3 / <t faa 3areror
Find the constant term of (x2 + 1/x)8, x # 0.

Solution: The general x power is 2(6 - r) - r = 12 - 3r. Setting it to zero gives r = 4. The constant is C(6,4) = 15.

WATCH OUT: A non-integer r means the requested power is absent.

C4 [ KEY CONCEPT
Turn coefficients into sums / ToTiekl & I

For a polynomial P(x), P(1) is the sum of its coefficients, while P(-1) is the alternating sum. Adding or
subtracting these values isolates even- or odd-power coefficients. Pascal’s identity combines
neighbouring binomial coefficients.

gt TTuTiehl <1 I AT dt x = 1 TW | dhfceh g arer ahT afigu af x = -1 T | IR0 A (3x - 2)5F
TRl BT AT (3 - 2)° = 1 B

C(n,r) +C(n,r-1)=C(n + 1,r).

WORKED EXAMPLE 4 / et favar Iarewor
Find the sum of coefficients of (3x - 2)5.

Solution: Substitute x = 1: (3 - 2)° = 1. For comparison, its alternating coefficient sum is P(-1) = (-5)° = -3125.

WATCH OUT: The sum of coefficients is not the same as the sum of their absolute values.
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LEARN e« g#Hs

Concepts 5 & 6

C5 / KEY CONCEPT
Compare neighbouring terms / eRTIAR Ugl &Y ger=T

For positive a,b, the ratio of successive binomial terms identifies where terms increase and decrease. A
ratio equal to 1 gives equal adjacent terms. For signed or complex terms, comparing sizes requires
absolute values and a separate interpretation.

YT UGl H 31Tet 3R sl Ug &1 SrguTa ad1a foh Ug 91g %8 ¢ a1 ¢ 3@ €1 31guTd 1 8t dl eiaR &t ug
TAF €1 (1 + x)8 Bl Gad J7 7uTich sitg | C(8,4) = 70 g

Te+2/Tr+2 = [(n - r)/(r + 1)]1(b/a), for a,b > 0.

WORKED EXAMPLE 5 / &1 fafar 3arevor

Find the largest coefficient in (1 + x)&.

Solution: The binomial coefficients are symmetric and grow toward the centre. The middle coefficient
C(8,4) =70 is the largest.

WATCH OUT: Largest coefficient and largest numerical term are different questions.

C6 /| KEY CONCEPT
Extend to non-integer powers / #R-guifes aTdl T TR

For a real exponent a, the binomial series is generally infinite. Around x = 0 it converges for |x| < 1.
Truncation gives an approximation, not an exact identity. First factor an expression to put it in the form
constant x (1 + u)® with small |u].

9= a1 FoTTHP °1d & oI TR SHRIGE 3d 8idT g1 | x| < 1 & 1 F [ eidt ug afache ¢d €1 V1.04 &
faT 1 + 0.02 - 0.0002 = 1.0198 fAaT §; Tg Sep-Seh THFAT &l &

(1+x)o=1+ax+ala-1)x2/2+..., |x]| <1.

WORKED EXAMPLE 6 / gt fahar 3ergvor
Approximate v1.04 through the quadratic term.
Solution: Use a = 1/2 and x = 0.04: 1 + 0.02 - (0.04)2/8 = 1.0198. This is a truncated approximation.

WATCH OUT: The finite integer theorem does not require |x| < 1; the general infinite series does.
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PRACTISE * 3119 &3

Practice A

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

Q01 -.c1
Expand (x - 2)3.

(x - 2)3 &1 JER HIfST|

Q02 .c2
Find the coefficient of x2in (1 + 3x)5.

(1 + 3x)5 & x2 T JUTieh AT hIfoIT|

Q03 -.c2
Find the fourth term of (2x + 1)°.

(2x + 1) o1 e ug A1 HIfSig|

Q04 -c2

Find the coefficient of x5 in (x2 + 2x)4.
(X2 + 2x)* H x® &I I[UTich AT ST
Q05 -.c3

Find the constant term in (x + 2/x)2.
(X + 2/x)® @I 3TTR Ug ATd HIY|

Q06 - c3

Find the middle term of (a + b)e.
(a + b)® &1 7eg Ug TG HISQ|
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PRACTISE * 3119 &3

Practice B

Show your method. Concept codes point to the relevant lesson. Solutions begin on page 7.

had 3R Tel, fafer oft T | sraszenrdar g at deifea C-epis arer uts 2d|

Q07 -c3
Find the two middle terms of (1 + x)7.

(1 + x)7 & S 7eg Ug A HIfST|

Q08 - ca
Find the sum of coefficients of (2x + 3)4.

(2x + 3)* & TUTIeRI T TN FATA HISTI

Q09 .ca
Find the sum of even-power coefficients of (1 + x)°.

(1 + x)° & TH =TT & oI &1 T 71T HATI

Q10-c4
Evaluate C(10,3) + C(10,4).

C(10,3) + C(10,4) &1 74 FTd HIfSQ|

Q11-c5
Find the largest coefficient in (1 + x)2°.

(1 + x)20 T TEL FST UTIeh 1 oY |

Q12 .ce6
Approximate (1.02)-* through x2in (1 + x)~2.

(1 +x)~! & x2 9 & US dAe (1.02)~2 &1 Gfached Raprfaul
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CHECK ¢ ga wiftd

Solutions A

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q01 / C1 ¢ Build the expansion by choosing
x3 - 6x2+ 12x - 8.

fgue 9 & x3 - 6x2 + 12x - 8 AT 81

Q02 / C2 * Target a term by its exponent
C(5,2)32 =90.
r =2 g+ W T C(5,2) x 32 =90 8l

Q03 / C2 * Target a term by its exponent
r =3: C(5,3)(2x)? = 40x2.
@ ug A r = 3 81 C(5,3)(2x)? = 40x? fAear g1

Q04 / C2 * Target a term by its exponent
General power is 8 - r. Set r = 3: C(4,3)23 = 32.
el °Td 8 - r I 5 3, A r = 31 7uTich C(4,3)23 = 32 &1

Q05 / C3 ¢ Find constant and middle terms
8- 2r =0 gives r = 4. Constant = C(8,4)2* = 1120.
A 8-2r=0dr=43gI 3R ug C(8,4)24=1120 8l

Q06 / C3 ¢ Find constant and middle terms
Fourth term, r = 3: 20a3b3.
grd uel § dter ge g1 39 20a3b3 Bl

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

el 811 IR hRUT GHSATY | TTeAd g+ UR Ugelt 7Teld fohdl Ugam 3iR SIaRT 8 e |
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CHECK ¢ ga wiftd

Solutions B

Compare the method as well as the final answer. For Hindi concept explanations, use the C-code.

IR & g1 deient oft ey | fES) & ad gws™ & fv gefdq sauron ug|

Q07 / C3 ¢ Find constant and middle terms
Fourth and fifth terms: 35x3 and 35x*.
31T Uel § < 3fiR Ul Aed g1 3R 35x3 3R 35x4 €1

Q08 / C4 « Turn coefficients into sums
Substitute x = 1: 5% = 625.
X =1T@ W (2 +3)* =625 AT 21

Q09 / C4 « Turn coefficients into sums
[P(1) +P(-1)]/2=(512 + 0)/2 = 256.
gH °1di &1 Al [P(1) + P(-1)]/2 = 512/2 = 256 &1

Q10 / C4 « Turn coefficients into sums
Pascal’s identity gives C(11,4) = 330.
URehel S 9 C(11,4) = 330 Aarar g1

Q11 / C5 « Compare neighbouring terms
C(10,5) = 252.
= &1 quTieh C(10,5) = 252 Had ST 8

Q12 / C6 * Extend to non-integer powers
1-0.02 + 0.0004 = 0.9804; this is an approximation.
1-x+x2#x=0.02 & Gfaered 0.9804 g1

Correct? Explain why the method works. Incorrect? Mark the first step that changed the answer.

gl 89 TR hRUT GHSY | TTeAd 811 UR Ugett TTeTd [ehal UgdT SR IR 8l he |

BILINGUAL CONCEPT EDITION * English + fg=& 8/9



MAAS / CLASS 11 MATHEMATICS Binomial Expansion

CONNECT « 9dy gust

Visual review & extension

60 1

40 A

Coefficient

20 1

0 2 4 6 8
Power of x

C5: coefficients of (1 + x)8 are symmetric; the central value is 70.

Weighted sums

Differentiating the polynomial identity (1 + x)" and substituting x = 1 gives Z rC(n,r) =n2"*forn = 1. A
counting proof counts subsets with one marked member.

Products of expansions

To find the coefficient of x™ in P(x)Q(x), pair powers whose exponents add to m. For (1 + x)3(1 + x)4,
combining first gives (1 + x)7, so the x2 coefficient is 21.

Challenge

Find the remainder when 115 is divided by 100. In (10 + 1), terms containing 102 vanish modulo 100.
The remainderis 1 + 50 = 51.

TR oTih-alT & iy Sracher a1 Rifga Taw arett 70T SuAf 81 & ORI & U | chad dg! G1d Sitg
S TenT I @& a1d gt gAYt 3 100 ¥ farei o= 102 aTet Ug ge oid &, AV 51 81

Can you state the permitted values of r before calculating a requested term?

T AT H&F A hi 2T 3R Teh AT et 379 eqT H THST Thd 87
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