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Polynomial Basics (Definition, Degree, Coeflicient, Evaluation)

1. Which of the following expressions is not a polynomial?
2
(A) b3 —V2z+4 (B) L +7 (C)10 (D)2 ?+3z+1
Solution:

e A polynomial in x is an expression of the form an,z™ + an_12" "' + -+ 4+ a1z + ag, where the exponents
(n,n—1,...,1,0) must be non-negative integers.

« Option (A), 52® — /22 + 4, has exponents 3, 1, 0. v/2 is a coefficient, which is allowed. This is a polynomial.
o Option (B), %2 + 7= 12%+7, has exponents 2, 0. This is a polynomial.

« Option (C), 10 = 102°, has exponent 0. This is a constant polynomial.

o Option (D), 272 + 3z + 1, has an exponent -2, which is negative.

Therefore, x=2 + 3z + 1 is not a polynomial.
The correct option is (D).

2. Identify the expression that does not represent a polynomial.
(A) > =3y +1 B)t*+2vt—1 (C)a®+3a®b—4b°>+7ab (D) —8z* 4223 — 5z + 2
Solution:
e A polynomial must have non-negative integer exponents for its variables.
o Option (A) has exponents 5, 2, 0 for y. This is a polynomial.
« Option (B), t2 4+ 2yt — 1 => + 2t1/2 — 1, has an exponent 1/2, which is not an integer.
o Option (C) is a polynomial in two variables a and b. All exponents are non-negative integers.
(D

e Option (D) has exponents 4, 3, 2, 1 for z. This is a polynomial.

Therefore, t> + 2v/t — 1 is not a polynomial.
The correct option is (B).

3. Which of the following polynomials has a degree equal to 37
(A) 722 =92+ 15 (B) 422 — 22(222 +5)
(C) (2 +1)(z* = 1) —a* + 522+ 22 (D) (x4 1)% — 2% — 322
Solution: We find the degree (highest power of the variable after simplification) for each option:
e (A) 72?2 — 92 + 15: The highest power is 2. Degree = 2.
o (B) 423 — 22(22% + 5) = 423 — 423 — 102 = —102: The highest power is 1. Degree = 1.
e (C) (2?2 +1)(2? 1) — a2t + 522 +22% = (2 — 1) — 2? + 522 + 223 ... (Using (a + b)(a — b) = a® — b?)
=z% — 1 — 2% + 522 + 223 = 223 + 522 — 1: The highest power is 3. Degree = 3.
e D) (z+1)2—23%-322 = (2 + 322 + 3z + 1) — 23 — 322 ... (Using (a + b)3 = a3 + 3a®b + 3ab® + b3)
=23 4322 +32x+ 1 — 2% — 322 = 3z + 1: The highest power is 1. Degree = 1.

The polynomial in option (C) has a degree of 3.
The correct option is (C).

4. What is the leading coefficient of the polynomial P(z) = 8 — 2z + 5z% — 237
(A)5 (B)-2 (¢)8 (D) -1
Solution:
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o First, write the polynomial in standard form (descending powers of x): P(z) = 5x* — 23 — 22 + 8.
o The term with the highest degree is 5z*.

e The leading coefficient is the coefficient of this term.

The leading coefficient is 5.
The correct option is (A).

5. Evaluate the polynomial P(y) = 2y® — y? + 5y — 3 when y = —1.
(A)-11 (B)-7 (C)-1 (D)3
Solution:
o Substitute y = —1 into the polynomial expression: P(—1) =2(—1)% — (=1)2 +5(-1) — 3
o Calculate the powers: (—1)? = —1, (—=1)> =1. P(-1)=2(-1) — (1) +5(-1) -3
o Perform multiplication and addition/subtraction: P(—-1) = -2—-1-5—-3 = —11.

The value of the polynomial is —11.
The correct option is (A).

6. If p(x) = z + 4, then p(x) + p(—z) is equal to:
(A)o (B)2z (C)4 (D)8
Solution:

o Given p(z) =z + 4.
o Find p(—=z) by substituting —z for : p(—z) = (—2) +4 = —z + 4.
o Calculate the sum p(x)+p(—z): p(x)+p(—x) = (z+4)+(—2x+4) =z +4—z+4=(r—2x)+(4+4) =0+8 =8.

The value of p(z) + p(—z) is 8.
The correct option is (D).

Polynomial Long Division

7. Using long division, find the quotient when 23 + 522 + 7z + 2 is divided by = + 2.
(A)a?+Tz+21 (B)2?2+3zx+1 (C)22—-3x—-1 (D) a?+5zx+7
Solution: Perform polynomial long division:

2?2+ 3x+1

x4 2)x3 4 bx? 4 Tx + 2
— (23 + 22?)

322 + Tz

— (322 + 62)

T+ 2

—(z+2)

0

The quotient is 22 + 3z + 1.
The correct option is (B).

8. What is the remainder when 22% — 322 + 4z — 5 is divided by = — 1 using long division?
(A)-2 (B)0 (©)-5 (D)2
Solution: We can use the Remainder Theorem or long division. Method 1: Remainder Theorem

o Let P(x) = 223 — 32 4 4z — 5. The divisor is z — 1.
o The remainder is P(1). .... (Remainder Theorem)
e P(1)=2(1°-3(1)%+4(1)-5=2-3+4—5= -2,

Method 2: Long Division

222 —x+3
x—1)223 — 322 +4x -5
—(223 — 22?)

—2? + 4x

—(—2? + 1)

3x—5

— (32 —3)

-2

The remainder is —2.
The correct option is (A).
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9. Divide 62* + 52% — 322 + 52 — 1 by 222 — z + 1. What is the quotient?
(A) 322 —4xr—-1 (B)32?+4r—1 (C)32? -4z +1 (D)32%+4r+1
Solution: Perform polynomial long division:

322 +4x -1

22% — x + 1)62% + 5ad — 322 + 5z — 1
—(62* — 323 + 322?)

823 — 622 + b

— (823 — 422 + 4x)

202+ —1
—(—222+z—1)
0

The quotient is 322 + 42 — 1.
The correct option is (B).

10. When dividing * — 222 + 5z — 3 by = + 3, what is the remainder obtained via long division?
(A) -3 (B)51 (C)45 (D) 57
Solution: Using the Remainder Theorem:

e Let P(z) = 2* — 22 + 52 — 3. The divisor is z + 3 = 2 — (=3).
o The remainder is P(—3). .... (Remainder Theorem)

o P(=3)=(-3)*—2(-3)2+5(-3)-3

e P(—3)=81-2(9)—15—3=81—18 — 15 — 3 = 45.

The remainder is 45.
The correct option is (C).

11. Find the quotient and remainder when 4x> — 822 + 3z + 9 is divided by 2z + 1.
(A) Quotient 222 — 5z + 4, Remainder 5  (B) Quotient 222 + 52 — 4, Remainder —5
(C) Quotient 222 + 5x + 4, Remainder 5 (D) Quotient 222 — 5z — 4, Remainder 13
Solution: Perform polynomial long division:

222 — 5x +4

2z 4+ 1)423 — 8x2 + 3z + 9
— (423 + 22?)

—102% + 3z

—(—102? — 5z)

8 +9

—(8x +4)

)

The quotient is 222 — 52 + 4 and the remainder is 5.
The correct option is (A).

12. Divide 2° + 23 — 2z by 22 + 1. What is the quotient?
(A)z3—-2 @B)a*+1 (C)z3 (D) 2®+2x
Solution: Perform polynomial long division (include 0 coefficients for missing terms):

3

22 4+ 0z + 1)25 + 02t + 23 + 022 — 22 + 0
—(2® + 02t + 23)
04+0—-2x+0

The quotient is 23 and the remainder is —2x. The question asks for the quotient.
The correct option is (C).

13. Using long division for (32% — 722 + 10z — 8) + (x — 1), the remainder is:
(A)O B)-2 (€¢)2 (D) -8
Solution: Using the Remainder Theorem:
o Let P(x) = 323 — 72? 4+ 10z — 8. The divisor is = — 1.
o The remainder is P(1). .... (Remainder Theorem)
e P(1)=3(12-7(1)2+10(1) - 8=3-7+10 -8 = —2.

The remainder is —2.
The correct option is (B).
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14. Find the quotient when x> — 8 is divided by = — 2.
(A)a?2+2z+4 (B)az?—-22+4 (C)z2+4 (D)2?-4
Solution: Method 1: Using formula for difference of cubes

o 3 —8=1%-23

« Using the identity a® — b = (a — b)(a® + ab + b?).

o 23 —28= (2 —2)(2® +2(2) +2%) = (v —2)(z? + 22 + 4).

o When (z — 2)(z% + 2z + 4) is divided by (x — 2), the quotient is (2% + 2z + 4).

Method 2: Long Division

2?4+ 2z +4

x —2)x3 + 022 + 0z — 8
— (2% — 22?)

222 + Oz

— (222 — 4x)

4z — 8

—(4z — 8)

0

The quotient is 2 + 2z + 4.
The correct option is (A).

Remainder Theorem & Applications

15. The polynomial 422 — kx + 7 leaves a remainder of -2 when divided by = — 3. Find the value of k.
(A)k=-15 (B)k=15 (C)k=43/3 (D)k=45
Solution:
o Let P(x) =42® —kz + 1.
o By the Remainder Theorem, the remainder when P(z) is divided by = — 3 is P(3).
o We are given that the remainder is —2. So, P(3) = —2.
e P(3)=4(3)?—k(3)+7=4(9) —3k+7=236—3k+7=43 — 3k.
e Set the calculated remainder equal to the given remainder: 43 — 3k = —2.
e Solve for k: =3k =-2—-43 = —-3k=-45 = k=15.

The value of k is 15.
The correct option is (B).

16. If Pi(z) = 223 + k2 + 4z — 12 and Py(z) = 23 + 22 — 2z + k leave the same remainder when divided by (z — 3),
find the value of k.
(A)k=3 @B)k=-3 (C)k=2T (D)k=-27
Solution:
o By the Remainder Theorem, the remainder when P;(z) is divided by = — 3 is Ry = P;(3).
o The remainder when Py(x) is divided by = — 3 is Ry = Pa(3).
o We are given Ry = Ry, so P1(3) = P»(3).
o Calculate Py(3): Pi(3) =2(3)% 4+ k(3)® +4(3) — 12 =2(27) + 9k + 12 — 12 = 54 + 9k.
« Calculate Py(3): Po(3) = (3)% + (3)2 = 2(3) + k=27 +9— 6+ k = 30 + k.
. Set Py(3) = Py(3): 54+ 9k = 30 + k.
o Solve for k: 9k —k=30—-54 = 8k =-24 = k= -3.

The value of k is -3.
The correct option is (B).

17. Find the value of k if p(z) = (3 — 2)(x — k) — 8 is divided by (z — 2) leaving the remainder 4.
A)k=1 (B)k=-1 (C)k=2 D)k=-2
Solution:
o By the Remainder Theorem, the remainder when p(x) is divided by x — 2 is p(2).
o We are given that the remainder is 4. So, p(2) = 4.
o Calculate p(2): p(2) =(3(2) —2)(2—k)—8=(6—-2)(2—k)—8=4(2—k) - 8.
e Set p(2) =4: 42— k) —8 = 4.
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e Solve for k: 8 —4k —8=4 — —4k=4 — k= -—1.

The value of k is -1.
The correct option is (B).

18. Let Ry and Ry be the remainders when Pj(7) = 2% + 222 — 5ax — 7 and Py(z) = 22 4+ az? — 122 + 6 are divided by
x + 1 and = — 2 respectively. If 2Ry + Ry = 6, find the value of a.
(A)a=-2 B)a=1 (C)a=6/7 (D)a=2
Solution:

o Find R; using the Remainder Theorem with P;(x) and divisor z + 1 = 2 — (=1): Ry = Pi(-1) = (-1)3 +
2(—1)2 —5a(~1) —7=—1+2(1)+5a—7=1+5a— 7 = 5a — 6.

o Find R using the Remainder Theorem with P;(x) and divisor  — 2: Ry = P3(2) = (2)3 +a(2)? —12(2) +6 =
8+ 4a — 24+ 6 = 4a — 10.

o Use the given condition 2Ry + Ry = 6: 2(5a — 6) + (4a — 10) = 6.
e Solve for a: 106 —124+4a—-10=6 = 14a—22=6 = 146 =28 = a =2.

The value of a is 2.
The correct option is (D).

19. If the polynomials Pi(z) = az® + 42% + 3z — 4 and Py(x) = 2® — 42 + a leave the same remainder when divided by
(x — 3), find the value of a.
(A)a=1 (B)a=-1 (C)a=2 (D)a=-2
Solution:
o By the Remainder Theorem, the remainders are P;(3) and P»(3).
o We are given P;(3) = P»(3).
o Calculate P(3): P1(3) =a(3)3 +4(3)2+3(3) —4=27a+4(9) +9—4=27a+36+9 — 4 = 27a + 41.
o Calculate P»(3): P2(3) = (3)> —4(3) +a=27—-12+a =15 +a.
Set Py(3) = Py(3): 27a + 41 = 15 + a.
o Solve for a: 27a —a =15 —-41 = 26a = —-26 = a = —1.

The value of a is -1.
The correct option is (B).

20. Find the value of k if the remainder is —3 when kz® + 822 — 4z + 10 is divided by x + 1.
(A)k=-25 (B)k=25 (C)k=21 (D)k=-21
Solution:
o Let P(x) = ka® + 82% — 4z + 10. The divisor is z + 1 =z — (—1).
o By the Remainder Theorem, the remainder is P(—1).
o We are given the remainder is —3. So, P(—1) = —3.
« Calculate P(—1): P(—1) = k(=1)? + 8(—1)% — 4(~1) + 10 = k(—1) + 8(1) + 4 + 10 = —k + 22.
o Set P(—1)=—-3: —k+22=-3.
e Solve for k: —k=-3-22 = —k=-25 = k=25.

The value of k is 25.
The correct option is (B).

21. What number should be added to 22 + 5 so that the resulting polynomial leaves the remainder 3 when divided by
?

?A—; ?il (B) -11 (C)14 (D) -14

Solution:
o Let the number added be C. The resulting polynomial is P(x) = 22 + 5+ C.
o The divisor is  + 3 =z — (—3).
o By the Remainder Theorem, the remainder is P(—3).
o We are given the remainder is 3. So, P(—3) = 3.
o Calculate P(—3): P(=3) = (-3)?4+5+C=9+54+C=14+C.
o Set P(—=3)=3: 14+ C =3.
e Solve for C: ' =3 —14 = —11.
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The number to be added is -11.
The correct option is (B).

22. What is the remainder when x2%18 + 2018 is divided by (z — 1)?
(A) 2017 (B)2018 (C)1 (D) 2019
Solution:
o Let P(x) = 22°'® 4+ 2018. The divisor is = — 1.
o By the Remainder Theorem, the remainder is P(1).
o Calculate P(1): P(1) = (1)%°'® 42018 = 1 + 2018 = 2019.

The remainder is 2019.
The correct option is (D).

23. A polynomial p(z) when divided by (x — 1), (x + 1) and (x + 2) gives remainder 5, 7 and 2 respectively. If p(z) is
divided by (22 — 1), the remainder is R(z). Find R(50).
(A)34 (B) —44 (C)44 (D) 104
Solution:
o From the given information and the Remainder Theorem: p(1) =5, p(—1) =7, p(—=2) = 2.
e When p(r) is divided by 22 — 1 = (x — 1)(z + 1) (a quadratic), the remainder R(x) must be linear, i.e.,
R(z) = ax +b.
o We can write p(z) = Q(z)(z% — 1) + (az + b) for some quotient polynomial Q(z).
e Usep(l)=5:p(1)=Q(1)(12-1)+a(l)+b=Q(1)(0)+a+b=a+b. So,a+b=>5.
e Usep(—-1) =7 p(-1)=Q(-1)((-1)*-1) +a(-1) +b=Q(-1)(0) —a+b=—a+b. So, —a+b=T.
e Solve the system:

a+b=>5
—a+b=7

Adding the two equations: (a+b)+(—a+b) =547 = 2b=12 = b= 6. Substitute b =6 into a+b = 5:
a+6=5 = a=-1.

o The remainder is R(z) = -1z 4+ 6 = —x + 6.

o Find R(50): R(50) = —(50) + 6 = —44

The value of R(50) is -44.
The correct option is (B).

24. Using the same p(z) as in the previous question, if p(x) is divided by (z — 1)(x + 2), the remainder is r(x). Find

r(100).
(A)34 (B)44 (C)54 (D) 104
Solution:

o We have p(1) = 5 and p(—2) = 2.

e When p(z) is divided by (x — 1)(x + 2) (a quadratic), the remainder r(x) must be linear, i.e., r(z) = cx + d.
o We can write p(z) = S(x)(x — 1)(x + 2) + (cx + d) for some quotient polynomial S(x).

o Usep(l)=5:p(1)=S(1)1-1)1+2)+¢(1)+d=S1)0)3)+c+d=c+d. So,c+d=>5.

o Usep(—2)=2: p(—2) = S(-2)(-2—-1)(—242)+c(-2)+d = S(—2)(—3)(0) —2c+d = —2c+d. So, —2c+d = 2.

e Solve the system:

ct+d=5
—2c+d=2
Subtracting the second equation from the first: (¢c+d) — (-2¢+d)=5-2 = c+d+2c—d=3 = 3c=
3 = c=1. Substitutec=1intoc+d=5:14+d=5 = d=4.
e The remainder is r(z) = le +4 =2z + 4.
o Find r(100): r(100) = 100 + 4 = 104.

The value of r(100) is 104.
The correct option is (D).

25. When a polynomial f(x) is divided by (x — 1) the remainder is 5 and when it is divided by (z — 2), the remainder is
7. Find the remainder when it is divided by (z — 1)(z — 2).
(A)2z -3 B)2x+3 (C)3xz+2 (D)3x—2
Solution:
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26.

27.

o Given f(1) =5 and f(2) =
o When f(z) is divided by (x 1)(x — 2) (a quadratic), the remainder is linear, say az + b.
e f(2) = Q@)@ — 1)z —2) +az+b
)
)

.... (Remainder Theorem)

e Use f(1)=5: f(1) =Q(1)(0)(—=1) +a(l)+b=a+b. So,a+b="5.
e Use f(2) =T £(2) = Q(2)(1)(0) +a(2) +b=2a+b. So, 2a+b="T.

e Solve the system:

a+b=5
2a+b=7
Subtracting the first equation from the second: (2a +b) — (e +b) =7 -5 = a = 2. Substitute a = 2 into
a+b=524+b=5 = b=3.
o The remainder is ax + b = 2z + 3.

The remainder is 2z + 3.
The correct option is (B).

Find remainder when f(z) = 2° — 2% + 322 + 3z + 1 is divided by (22 — 1).
(A)3z—4 B)3z+4 (C)4x+3 (D)4x—3
Solution:
e The divisor is 22 — 1 = (z — 1)(x + 1). The remainder is linear, say ax + b.
e f(2) = Q@)(@* — 1)+ az +5.
e Find f(1) and f(—1): f(1)=(1)° = (1)} +3(1)2+3(1)+1=1—-1+3+3+1="7. f(-1)=(-1)°> - (-1)* +
3(—1)2+3(-1)+1=-1—(-1)+31)—3+1=-1+1+3-3+1=1
o Using the Remainder Theorem property for factors: f(1) = a(1)+b=a+b="7. f(—-1) =a(—1)+b= —a+b=1.

e Solve the system:

a+b="7
—a+b=1

Adding the two equations: 20 =8 = b =4. Substitute b=4intoa+b=7:a+4=7 = a=3.
e The remainder is axz 4+ b = 3z + 4.

The remainder is 3x + 4.
The correct option is (B).

A polynomial f(x) when divided by 22 — 3x + 2 leaves the remainder az + b. If f(1) =4 and f(2) = 7, determine a
and b.
(A)a=3b=-1 B)a=-3,b=1 (C)a=-3,b=-1 [D)a=3,b=1
Solution:
o The divisor is 22 — 3z + 2 = (z — 1)(z — 2).
e We are given that f(r) = Q(z)(2? — 32 +2) + (az + b).
e Substituting z = 1: f(1) =Q(1)(1> = 3(1) +2) +a(1) +b=Q(1)(0) +a+b=a+b.
o We are given f(1) =4,s0a+b=4
o Substituting z = 2: f(2) = Q(2)(2> = 3(2) +2) +a(2) + b= Q(2)(0) + 2a + b = 2a + b.
o We are given f(2) =7,s02a+b=T.

e Solve the system:

a+b=4
20 +b=17

Subtracting the first equation from the second: (2a +b) — (e +b) =7 —4 = a = 3. Substitute a = 3 into
a+b=434b=4 = b=1.

e Thus,a =3 and b=1.

The values are a = 3,b = 1.
The correct option is (D).

Factor Theorem & Finding Zeros
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28. Find the value of m, if x = 1/2 is one of the zeroes of the polynomial p(z) = 42* — 423 — ma? + 122 — 3.
(A)ym=-11 (B)m=5 (C)m=11 (D)m=-5
Solution:
o If 2 =1/2is a zero, then p(1/2) = 0. .... (Factor Theorem/Definition of Zero)
o Substitute z = 1/2 into p(x): p(1/2) = 4(1/2)* — 4(1/2)® —m(1/2)? +12(1/2) —3 = 0.
 Calculate the powers and simplify: 4(1/16) —4(1/8) —m(1/4)+6—-3=01/4—-1/2—m/44+3=0.
o Multiply the entire equation by 4 to clear fractions: 4(1/4) —4(1/2) —4(m/4)+4(3) =4(0) 1 -2—m+12=0.
e Solve for m: 11 —=m =0 = m = 11.

The value of m is 11.
The correct option is (C).

29. Obtain all zeros of f(z) = 2z* + 23 — 1422 — 19z — 6, if two of its zeros are -2 and -1. The other two zeros are:
(A)3,1/2 (B) -3,1/2 (C)3,-1/2 (D) -3,-1/2
Solution:

e Since -2 and -1 are zeros, (z — (—2)) = (z +2) and (x — (—1)) = (z + 1) are factors. .... (Factor Theorem)
o Their product (x + 2)(z + 1) = 2% + 2 + 22 + 2 = 22 + 3z + 2 must also be a factor of f(z).
« Divide f(x) by (22 + 3z + 2) using polynomial long division to find the other factor:
222 — 51 — 3
22+ 3z +2)224 + 23 — 1422 — 192 — 6
—(22* + 623 + 42?)
—5x3 — 1822 — 19z
—(—5x3 — 1522 — 10z)

—322 -9z — 6
—(—32% — 9z — 6)
0

o The other factor is the quotient 222 — 5z — 3.

 Find the zeros of this quadratic factor by setting it to zero: 222 — 5z — 3 = 0.
o Factor the quadratic: (2z 4+ 1)(z —3) = 0.

o Thezerosare2xr +1=0 = r=-1/2andx—-3=0 = x=3.

The other two zeros are 3 and —1/2.
The correct option is (C).

30. Obtain all zeros of f(x) = 23 + 1322 + 32z + 20, if one of its zeros is -2. The other two zeros are:
(A)1,10 (B) -1,10 (C)1,-10 (D) —1,-10
Solution:

o Since -2 is a zero, (x + 2) is a factor. .... (Factor Theorem)

Divide f(z) by (x + 2) using synthetic division or long division. Synthetic Division:

—211 13 32 20
-2 —22 —-20
\1 11 10 0

o The quotient is 22 + 11z + 10.

o Find the zeros of the quotient by setting it to zero: 2% 4+ 11z + 10 = 0.
o Factor the quadratic: (z + 1)(z + 10) = 0.

e Thezerosarex+1=0 — x=—-landz+10=0 = x = —10.

The other two zeros are —1 and —10.
The correct option is (D).

31. Obtain all zeros of f(z) = z* — 323 — 22 + 92 — 6 if two of its zeros are —/3 and /3. The other two zeros are:
(A)-1,-2 (B)1,2 (C)-1,2 (D)1,-2
Solution:

e Since —/3 and /3 are zeros, (x ++/3) and (x — v/3) are factors. .... (Factor Theorem)
e Their product (z + v/3)(x — v/3) = 22 — (v/3)? = 2% — 3 must also be a factor.
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o Divide f(x) by (22 — 3) to find the other factor:

2?2 -3z +2

22+ 0x — 3)zt — 323 — 22 4+ 92 — 6
—(z* + 023 — 32?)

—32% + 222 + 9z

— (=323 + 02 4 9z)

222 4+ 0x — 6
—(22% + 0z — 6)
0

o The other factor is the quotient 22 — 3z + 2.

« Find the zeros of this quadratic factor: 22 — 3z +2 = 0.

e Factor the quadratic: (z —1)(x —2) = 0.

e Thezerosarex —1=0 —= z=1landx—-2=0 = x=2.

The other two zeros are 1 and 2.
The correct option is (B).

32. Find all the zeroes of the polynomial f(x) = 2* + 2® — 342% — 4z + 120, if two of its zeroes are 2 and -2. The other
two zeros are:
(A)6,5 (B)-6,5 (C)6,—5 (D) —-6,-5
Solution:

e Since 2 and -2 are zeros, (x — 2) and (z + 2) are factors. .... (Factor Theorem)
e Their product (z — 2)(z + 2) = 2% — 4 must also be a factor.
« Divide f(x) by (22 — 4) to find the other factor:

22 +z — 30

22 4+ 0z — 4)zt + 23 — 3422 — 42 + 120
—(2* 4 02 — 42?)

3 — 3022 — 42

— (2% + 022 — 4x)

—30z? + 0z + 120

—(—302% + 0z + 120)

0

The other factor is the quotient 22 + z — 30.

o Find the zeros of this quadratic factor: 22 + 2z — 30 = 0.
o Factor the quadratic: (x4 6)(z —5) = 0.
e The zerosare x+6=0 =— z=—-6andxr—5=0 = x=>5.

The other two zeros are —6 and 5.
The correct option is (B).

33. Find the values of 1 and m if P(z) = 823 + l2? — 27z + m is divisible by D(x) = 222 — 2 — 6.
(A)l=1,m=18 B)l=1m=-18 (C)l=-1,m=18 (D)l=2m=—18
Solution:
o If P(z) is divisible by D(x), then the zeros of D(x) are also zeros of P(z). .... (Factor Theorem extension)

o Find the zeros of the divisor D(x) = 222 — 2 — 6 = 0. Factor the quadratic: 222 — 4z + 3z — 6 = 2x(z — 2) +
3(x —2) = (2z+ 3)(x — 2) = 0. The zeros are z =2 and x = —3/2.

o Since these are zeros of P(z), we must have P(2) = 0 and P(-3/2) = 0.
o P(2)=8(2)2+1(2)>-27(2) + m=8(8) +1(4) — 54+ m=64+4 —54+m=4+m+10=0. (Eq 1)

e P(=3/2) =8(—3/2)3 +1(—3/2)2 —27(=3/2) + m = 8(—27/8) +1(9/4) +81/2+m = —27+91/4+81/2+m = 0.
Multiply by 4: 4(—27) + 4(91/4) + 4(81/2) + 4m =0 = —108 + 91 + 162 + 4m = 91 + 4m + 54 = 0. (Eq 2)

o Solve the system of equations: 1) 4l +m = —10 = m = —10 — 4] 2) 9] 4+ 4m = —54 Substitute m from (1)
into (2): Ol +4(—10 — 41) = —54. 9l — 40 — 161 = —54 = Tl = —54+40 = 7l = —14 = [ =2.

o Substitute [ = 2 back into m = —10 — 4l: m = —10 — 4(2) = —-10 — 8 = —18.

The values are [ = 2 and m = —18.
The correct option is (D).
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34. Find 1 and m if P(x) = 223 — (2] + 1)22 + (I + m)x + m may be exactly divisible by D(x) = 22% — 2 — 3.
(A)i=1,m=3 B)l=1,m=-3 ((C)l=-1,m=3 D)Ii=-1,m=-3
Solution:
« Find the zeros of the divisor D(z) = 222 — x — 3 = 0. Factor the quadratic: 222 — 3z + 22 — 3 = (22 — 3) +
1(2z — 3) = (x 4+ 1)(2z — 3) = 0. The zeros are x = —1 and = = 3/2.
o Since P(x) is divisible by D(z), we must have P(—1) = 0 and P(3/2) = 0. .... (Factor Theorem extension)
o P(—1) =2(=1)3—(204+1)(—=1)2+(l+m)(=1)+m = 0. 2(=1)—(20+1)(1)—(I+m)+m = 0. —2—2—1—l—m+m =
0= -3-3=0= -3l=3 = [=-1

e P(3/2) = 2(3/2)%— (21 +1)(3/2)%+ (I+m)(3/2) +m = 0. Substitute [ = —1: 2(27/8) — (2(—1)+1)(9/4) + (—1+
m)(3/2) +m = 0. 54/8 — (—241)(9/4) + (—3/2+3m/2) +m = 0. 27/4— (—1)(9/4) —3/2+3m/2+2m/2 = 0.
27/4+9/4—3/2+5m/2 =0. 36/4—3/245m/2 =0 = 9—3/2+5m/2 = 0. Multiply by 2: 18 — 3+ 5m =

0= 15+5m=0 = dm=—-15 = m = —3.

The values are [ = —1 and m = —3.
The correct option is (D).

35. Obtain all zeros of f(z) = 2% + 2% — 3422 — 4z + 120, if two of its zeros are 2 and -2. The other two zeros are:
(A)6,5 (B)—-6,5 (C)6,—5 (D) —6,-5
Solution: This question is identical to Question 32.
o Since 2 and -2 are zeros, (x — 2) and (z + 2) are factors. Their product (z% — 4) is a factor.
o Divide f(x) by (22 —4). From Q32, the quotient is 2% + x — 30.
« Find the zeros of the quotient: 2% 4+ z — 30 = 0.
o Factor: (z+6)(x —5) =0.
o The zeros are x = —6 and z = 5.

The other two zeros are —6 and 5.
The correct option is (B).
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