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MATHEMATICS PAPER I1A

TIME : 3hrs Max. Marks.75

Note: This question paper consists of three sections A,B and C.
SECTION A

VERY SHORT ANSWER TYPE QUESTIONS. 10X2 =20

1.Prove that roots of (x — a)(x — b) = h? are always real.
2.If o, p and y are the roots of x*+ px*+qgx+r =0, then find Z%
(04

3.Show that the points in the Argand diagram represented by the complex numbers
2 +2i, -2 — 2i, —2J3+2+/3i are the vertices of an equilateral triangle.

4.1f z = 2 — 3i, then show that z° — 4z + 13="0.

5.I1f 1, w, »* are the cube roots of units then prove that t 1 1
2+ l1+20 1+ow

6.1f "R :"P,=2:7 find n

7.Find the number of ways of arranging the letters of the word
INDEPENDENCE

8. Find the set “of x for which the binomial expansion (2 + 5x) 2
Is valid

9. Find the maximum number of times a fair coin must be tossed so that the
probability of getting atleast one head is atleast 0.8.

10. Find the variance for the discrete data given below.
6,7,10,12,13,4,8,12
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SECTION B

SHORT ANSWER TYPE QUESTIONS.
ANSWER ANY FIVE OF THE FOLLOWING 5X4 =20

11. Let be the real roots of ax2 + bx + ¢ = 0 and=<B . Then prove that i) x¢® |

a<x<p =
ax2 + bx + ¢ and a have the opposite signs

i) xeR, x<a or x>B = gx2 + bx + c and
a have the same sign.

z2"-1

2" +1

=ijtanné

12. If niis an integer and z =cis@ then show that

13.Find the number of 4-digit numbers which can be.-formed using the digits 0, 2,
5, 7, 8 that are divisible by (i) 2 (ii) 4 when repetition is allowed.

n+l~ N n
14. prove that G =0Ca+ G

X+3

15. Resolve ——————
(1-x)"(1+x)

in‘to partial fractions.

16. Out of 100 students, two sections of 40 and 60 are formed. If you and your
friend are among the 100 students, find the probability that (i) you both enter the
same section (i) youboth enter the different sections.

17. The probability that Australia wins a match against India in a cricket game is
given'to be 1/3. If India and Australia play 3 matches, what is the probability
that,

1) “Australia will loose all the three matches?

i) Australia will win atleast one match?
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SECTION C
LONG ANSWER TYPE QUESTIONS.
ANSWER ANY FIVE OF THE FOLLOWING 5X7=35
18.  Given that the roots of x*+3px*+3px+r=0 are in (i) A.P., show that

2p>-3qp+r=0

19.

20.

21.

23.

24,

. If A, B, C are three independent events such that P(ANB® ~C®) = "

(ii) G.P., show that p’r=g° (iii) H.P., show that 2q9° =r(3pg-r)

If cosa +cos g +cos3=0=sina +sin B +sin$=0 then show that
(1) cos(2a - p—9)+cos{28-9—a} +sin(29—a—f)=3
() sin(2a-g-9)+sin(2-9—a)+sin(29-a - B)=0
(iii) cos(a + B)+cos(f+3)+cos(I+a)=0
(iv) sin(a+ B)+sin(B+3)+sin(9+a)=0
Using binomial theorem, prove that

5% + 52n — 1 is divisible by 676 for all positive integers n.

Forn=0, 1,2, 3, ... n, prove that Cy-C, + C,-C,,;, +C,-C,,, +..+C,_,-C, =2"C
and hence deduce that
Co+C2+Ci+.+C2=2"¢;

C,-C,+C,-C,+C,-Gy+1.+C, ,C, =2"C,.,,

n+r

1
P(AC ~BCE) :%,P(AC ~BC ~CP) :% then find P(A), P(B) and P(C).

The probability of a bomb hitting a bridge is 1/2 and three direct hits (not
necessarily consecutive) are needed to destroy it. Find the minimum number of
bombs required so that the probability of the bridge being destroyed is greater
than 0.9.

The arithmetic mean and standard deviation of a set of 9 items are 43 and 5
respectively. If an item of value 63 is added to that set, find the new mean and
standard deviation of 10 item set given.
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SOLUTIONS

1.Prove that roots of (x — a)(x — b) = h? are always real.
Sol:  (x-a)(x—b)=h?
x% —(a+b)x+(ab—h?)=0
Discriminant = (a+b)?—4(ab—h?)=0
— (a+b)” —4ab+4h?
— (a—b)* +4h?
—(a-b)*+(2h)* >0
. Roots are real.

2.If «, p and y are the roots of x*+ px*+qgx+r =0, then find .
aZﬂZ

Sol:  «,p and y are the roots of x*+ px® +gx+r=0.
a+f+y=—p.
afp+py+ya=q
affy =—r
1
Lo
1 1 1 1
Zazﬂz :a2ﬂ2+,6’27/2+;/2a2
a’ + B+ y°
a’+ pr+y°
(a+B+7) =2(ap+pr+ra)
(o)
_(-p)*=29 _p*-2q
(T
3.Show: that the points in the Argand diagram represented by the complex numbers
2 +2i, -2 — 2i, —2J3+243i are the vertices of an equilateral triangle.

Sol: A2, 2), B(-2, -2), C(-243,243)

www.sakshieducation.com



www.sakshieducation.com

AB=1/(2+2)%+(2+2)? =42

BC = (-2+24/3) + (-2 2/3)?
BC=+/4+12-8J3+4+12+83 =42
AC =/(2+243)? +(2-23)? =42
AB =AC =BC

AABC is equilateral.
4.1f z = 2 — 3i, then show that z° — 4z + 13= 0.

Sol: z=2-3i=>z-2=-3i= (z-2)*=(-3i)?
=72 +4-4z=-9
— 72— 4z+13=0.

1 1

5.I1f 1, w, »* are the cube roots of units then prove that =
2+ l1+20 l+ow

Solution : -
LHS 1 4+ 1

2+ 1+2w

1+20+2+® 3(1+ o)
(2+a))(1+ 2a)) 244w+ o 207
31+ w)
2(1+ &) +50
3(—(02)

=— 7 ltw=—0a
—20w+ 50w

1+’ =w

3w
1 1

@ 1l+w

6.1f "R :"p, =2:7 find n

(n +Z|.)p5 2
n 7

Ps

- (n+1)n(n-1)(n-2)(n-3)
n(n-1)(n-2)(n-3)(n-4)(n-5)

Sol: "YR:"R,=2:7=

_2
=
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=7(n+1)=2(n—-4)(n-5)
=7n+7=2n>-18n+40
=2n°-25n+33=0

=2n(n-1)-3(n-11)=0
:(n—ll)(Zn—3)=O:n=1lor§

Since n is a positive integer, n =11
7.Find the number of ways of arranging the letters ofthe word INDEPENDENCE
Sol: The word INDEPENDENCE contains 12 letters in

which there are 3 N's are alike, 2 D's are alike, 4 E's are alike and-rest are different

-. The number of required arrangements = 4(1%1)2!|

8. Find the set of x for which the binomial.expansion (2 + 5x) ™

Is valid

1/2
Sol. (2+5x) Y2 =272 [1+ 57)()

1/2

The binomial expansion.of (2 + 5x) " is valid when

i.e. E:(_—Z,gj
5'5

9. Find the maximum number of times a fair coin must be tossed so that the
probability-of getting atleast one head is atleast 0.8.

Sol. Let n'be'number of times a fair coin tossed x denotes the number of heads
getting x follows binomial distribution with parameters n and p =1/2 given p(x
>1)>0.8
=1-p(x=0)>08 = p(x=0)<0.2

n n
="C, (lj <0.2 :{lj < 1
2 2 5
The maximum value of nis 3.

10. Find the variance for the discrete data given below.
6,7,10,12,13,4,8,12

‘5—)( <1:>|x|<E
3 5
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6+7+10+12+13+4+8+12 72 _

Sol. Mean x= 5 5 9

Xi Xi— X (Xi— X)°
6 -3 9
-2 4
10 1
12 9
13 4 16
-5 25
-1 1
12 3 9

% x; —X =74
i(xi —X)?
Variance (02):‘=1T=%:9.25.

11. Let be the real roots of ax2 + bx + ¢ = 0 ande<B . Then prove that i) x<® ,

a<x<p =

ax2 + bx + ¢ and a have the opposite signs

ii) xeR, ¥<a or x>B = gx2 + bx + c and
a have the same sign.
Proof :

«.p are the roots of ax2 + bx +c =0
ax2+ bx + ¢ = atx—a)x—P)

ax>+bx +e

=(x—a)(x—=P)

1) Suppose xeR a<x<f

:>x—oc>0,X*B<0
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ax* +bx+c
=((x-a)x-B)<0 a

=a’+bx+c @ have opposite sign
”) Suppose XeR, x<a
x<a<Bthen x—oa<0,x_[3<0

<0

=>x-a)(x—-B)>0

ax? +bx+c
=>—>0

a

=a’+bx+c, 3 have same sign
suppose xeR x>p >pra
x—o>0,x—3>0

= (x=0)(x~B)>0

ax® +bx+c
— >0
a

=a’+bx+c, @ have same sign

xeR x<a or¥>B=ax2 + bx + ¢ and a have the same sign.

2n
z7"-1 .

- =itann@
2" +1

12. If nis an integer and z =cis¢ then show that

Solution : -
2" —1 (cos6+ ising)”" -1
2" +1 (cosd +ising)™" +1
cos2nd +isin2ng —1
- cos2nd +1sin2n@ +1
_ —(1—cos2n@)+isin2ng
(1+ cos2nd) + isin 2ng
g i2 (Zsin2 né?) + 2isinnéd cosn@ { g i"'}
2c0s’*né + 2isinnd cosng '
Zisinng {cos Suntg!

\ Zcosn@{go&nﬁﬁisinn@}

13.Find the number of 4-digit numbers which can be formed using the digits 0, 2,
5, 7, 8 that are divisible by (i) 2 (ii) 4 when repetition is allowed.

Sol: Givendigitsare0, 2,5, 7, 8.
1) Divisible by 2 :

=jtanné
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The thousand’s place of 4 digit number when repetition is allowed can be
filled in 4 ways. (using non-zero digits)

The 4-diti number is divisible by 2, when the units place is an even digit.
This can be done in 3 ways.

The remaining 2 places can be filled by 5 ways each i.e., 5% = 25 ways.
.. Number of 4 digit numbers which are divisible by 2 is 4 x 3 x 25 = 300.
ii) Divisible by 4 :

A number is divisible by 4 only when the number in last two places (ten’s
and unit’s) is a multiple of 4.

As repletion is allowed the last two places should be filled with one of the
following :

00, 08, 20, 28, 52, 72, 80, 88
This can be done is 8 ways.
Thousand’s place is filled in 4 ways.
(i.e., using non-zero digits)
Hundred’s placed can be filled in 5 ways.
.. Total number of 4 digit numbers formed
=8 x4 x5=160.

N+l N n
14. prove that G = Cat G

X+3
1-%)%(L+x?)
X+3
A-x)31+x%)
A B Cx+D
= + ¥
1-x) @-x)* @1+x?)
= X +8=A1-x)(1+x?)+B(1+x?)
+(Cx +D)(1—x)?
Comparing the coefficients of like power of x, we get

15.Resolve in to partial fractions.

A+B+D=3 ..(1)
-A+C-2D=1 ...(2)
A+B-2C+D=0 ...3)
-A+C=0 ...(4)
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Solving these equations, we get

A=3B-2c=3p-_1
2 2 2
_ X+3 B
T L-x)2L+x?)
3 2 3x -1

+ +
21-x) (@1-x)? 2(1+x?)

16. Out of 100 students, two sections of 40 and 60 are formed. If you and your
friend are among the 100 students, find the probability that (i) you both enter the
same section (ii) you both enter the different sections.

Sol. n(s)="c,,
1) You both enter the same section:
n(A) = 98C38 + 98C58
_n(A) _ PCa5+Cg _17
n(S) 0C, 33
i1) You both enter the different sections:
n(A) = 98039 + 98059
_N(A) _*Cy+*Cq 16
n(s) ¢, 33

17. The probability that Australia wins a match against India in a cricket game is
given to be 1/3. If India and Australia play 3 matches, what is the probability
that,

1) Australia will-loose all the three matches?

i) Australia will win atleast one match?

Sol. Suppose Auis the event of Australia winning the match.

Given P(A)= %

P(A)

P(A)

) 1 2

“P(A)=1-P(A)=1-===

(A) (A) 33

1) Probability that Australia will loose the all three matches.

~ 2\ 8

—P(AVE=| 2| ==

[P(A)] (3j >

i) Probability that Australia will win atleast one match
8 19

_1_ AP =12 ¥
=1-[PAI =1 27 27
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18.  Given that the roots of x*+3px*+3px+r=0 are in (i) A.P., show that
2p° -3gp+r=0

(ii) G.P., show that p°r=¢° (iii) H.P., show that 2q9° =r(3pg-r)
Sol: Given equation is x*+3px*+3px+r=0

(i) The roots are in A.P.

Suppose a-d,a,a+d=-3p
3a=-3p=a=-p (1)

at X +3pxt +3gx+r=0
=a’+3pa’+3ga+r=0

But a=-p

=-p*+3p(-p) +3q(-p)+r=0
=2p*-3pq+r=0 isthe required condition
(if) The roots are in G.P.

Suppose the roots be %,a,aR

Gwmwﬂgyaﬂﬁﬂz—r

=at=-r

. :(_r)1/3

--a’ is aroot of x> +3px* +3gx+r=0

:>(—r”3)3+3p(—r1’3)2+3q(—r”3)+r:0

= —r+3pr?* -3gr* 4r=0

pr2/3 :qu/S

. pr1/3 :q

= p°r =q is the required condition

(iii) The roots.of x°+3px*+3gx+r=0 (1) are in H.P.

Let y=l so that %+3—E+3—q+r:0 (2) are in A.P.
X y y y

Suppose a—d,a,a+d be the roots of (2)

Sum = a-d,a,a+d __ 3
r

a=-J (1)

‘a’ is root of ry®+3qy* +3py+1=0

www.sakshieducation.com



www.sakshieducation.com

=ra’+3ga’ +3pa+1=0

But a=-3
.

3 2
:r(—ﬂ) +3q(—9j +3p(—ﬂj+1=0
r r r

A3 3
i2+3i2—3ﬂ+1=0

r r r

=-0*+30°-3pgr+r*=0

=2q° =r(3pg-r) is the required condition.

19. If cosa +cos S +cos3=0=sina +sin g +sin9=0 then show that

(1) cos(2a - B—9)+cos{28-9—a} +sin(29—a - B)=3
() sin(2a—-p-9)+sin(2-9-a)+sin(29-a-)=0

(iii) cos(a + B)+cos(B+9)+cos(I+a)=0
(iv) sin(a + B)+sin(B+9)+sin(9+a)=0
Solution : -
Let x=cosa +isina y=cospB+isinfB:z=cosd+isinI
X+ Y+2z=(cosa +cos S +cosd)+1(sina+sin g +sin J)

X+y+2=0 =x+y*+7°=3xyz

M=3:> — 4+ L +_:3
Xyz yZ.7X Xy

Cis2a N cis2p . cis2g
cispcisd  cisg.cise  cisa cisf
cis(2a - B-9) +cis(28-9—a)+cos(29—a - B)=3
{cos(2a=PB~9)+isin(2a - B - 9)} +cos(2 - $—a)+1sin(2- 9 - )
+cos(29—a — f)+1sin(29—a— B) =3
Comparing real and imaginary parts on both sides
cos(2a— f—9)+cos(28-9—a)+cos(29—a - )=3
sin(2a - f—9)+sin(28-9-a)+sin(29-a— B)=0

We know that x+y+z=0
1011 1 1 1

= —+ —t —
X y zZ cosa+1lsina cosp+isinf  cos$+ising
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=CoSa —1sina + cos B —isin B+ cos 3 —isin g

1+1+£:O
X y z
x+y+z=0:>(x+y+z)2=O:>x2+y2+22+2xy+2y+22x:0
x2+y2+22+2xyz{1+1+1}:0

zZ Xy
£+1+l:0
X y z

Syz+ 22X+ xy =0

.. CiSax CiSf + cis g cisd + cisd cisa =0

=cis(a + f)+cos(f +3)+cis(F+a)=0

{cos(a + B)+isin(a + B)} +{cos(B+ 9)} + {cos(I+a) +isin(9+a)} =0
By comparing real and imaginary parts on both sides

cos(a + B)+cos(f + ) +cos(I+a)=0

sin(a + ) +sin(B+9)+sin($+a)=0

20. Using binomial theorem, prove that
5% + 52n — 1 is divisible by 676 for all positive integers n.
Sol. 5" +52n-1=(5)"+52n—1
=(25)*" +52n-1=(26-1)*" +52n=1
_ [ ZnCO (26)2n _ 2nC1(26)2n—1 3! 2nC2 (26)2n—2
v 2"Cy 5 (26)% — 2"Cp(26) +
e, (M]+52n -1
_ ZHCO (26)2n _ chl(26)2n—l + 2nC2 (26)2n—2
et C,, , =20(26) +1+52n -1
_ (26)2[ 2nC0 (26)2n—2 _ 2nC1(26)2n—3
+2"C,(26)"* +...+ 2"Cyy, ]
is.divisible by (26)* = 676
5" + 52n — 1 is divisible by 676, for all positive integers n.
21.Forn=0, 1,2, 3, ... n, prove that C,-C, + C;-C,,; +C,-C,., +..+C,_-C, ="C,,,,
and hence deduce that
i) Ci+Cl+C5+..+C2=2"C,

i) C,-C,+C;-C,+C,-C3+..4C,,C,=2"C,..,
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Sol. We know that
A+Xx)" =Cy+Cx+Cox2+...+C x" ...(1)
On replacing x by 1/x in the above equation,
(1+£j :C0+&+C—§+...+C—2...(Z)
X X X X
From (1) and (2)
(1+£j L+x)" :(Co+&+c—§+...+c—2j
X X

X X

(Co+Cx+Cox? +...+C, x") ...(3)
The coefficient of X" in R.H.S. of (3)
= C,C,+CC,,+C,C,,, +..+C_C,
The coefficient of x" in L.H.S. of (3)
(L+x)"
X
= the coefficient of x™" is (1 + x)*"
— 2nC
n+r
From (3) and (4), we get
C,-C,+C,-C,+C,-C3+..+C,,C, =2"C,,,,
1) On putting r=0in (i), we get
Co+C2+Ci+..+4C2=2"C,
i) On substituting r = 1 in (i) we get
C,-C,+C,-C,+C,-C3+..+C,,C, =2"C,,,

= the coefficient of X" in

22. If A, B, C are three independent events such that P(A~B® ~C®) =%

P(AC ABCS) =%,P(AC ABC ~CC) =% then find P(A), P(B) and P(C).
Sol. Since A, B, C are independent events.
P(ANB®NC%) =%

= P(A)-P(B®)-P(C°) =% ..Q)

P(A® "nBNC") =%
— P(A®)-P(B)-P(C°) =% .(2)

P(A® NB® N C%) :%
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:P(AC)-P(BC)-P(CC):% ..(3)
O Py _v4_,
()  PA%) 1/4
_P(A)
1-P(A)
=2P(A)=1= P(A)=%
@j P(B) 1/8 PB) 1
(3) P(B®) 1/4 1-P(B) 2
— 2P(B) =1-P(B) = 3P(B) =1

=1=P(A) =1-P(A)

- P(B) =%

From (1) = P(A)-P(B®)-P(C°) = =

4
:{1](1—1}3((? _1
273 4
P =txax3=3
4727 4
3 1
(®) (CY) 173
1

“P(A) =2, PB)=2, P(O) -4

23. The probability of a bomb hitting a bridge is 1/2 and three direct hits (not
necessarily consecutive) are needed to destroy it. Find the minimum number of
bombs required so that the probability of the bridge being destroyed is greater

than 0.9.

Sol. Let n be the minimum number of bombs required and x be the number of
bombs that-hit the bridge, then x follows binomial distribution with parameters
nandp =1/2.

Now p(x >3) > 0.9
=1-p(x<3)>09

= p(x<3)<0.1
=S>px=0)+px=1)+p(x=2)<0.1

SBIOROI)
S
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1 n nh-)1 1

=1 —+—+ —
2" 2" 2 2¢ 10
1 n n®-n 1

=>1.—+—+ <—
2" 2" 22" 10

1 n-n) 1
=—|1+n+ <—
2" 2 10
1(2+2n+n’-n) 1
= <=
2" 2 10
=5(N°+n+2)<2"
By trial and error, we getn >9

.. The least value of nis 9
..n=9

The arithmetic mean and standard deviation of a set of 9.items are 43 and 5
respectively. If an item of value 63 is added to that set, find the new mean and

standard deviation of 10 item set given.

3 x; = 439 = 387
i=1
10 9
PREDIER 387463

New Mean = =2 — i 45
n 10 10
2 2 S 2
2. 2%
SD*= - (x)? =5 = —'=19 —(43)°
9 9
inz inz

2511849 —=1L  -1874
9 9

9
> x> =1874x9 =16866

i
i=1

10 9
> %2 =D % + x{y =16866 +3969 = 20835
i=1

i=1
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inz
New S.D. = ‘=11—0—(7)2 = /%%35—(45)2

=/2083.5—2025 =+/58.5 = 7.6485 .
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