NIOS Board — Class 12th

Mathematics (311) — Tutor Marked Assignment (TMA)
Session 2025-26 | Max. Marks: 20
Complete Solutions — English & Hindi

PART A — COMPLETE SOLUTIONS (ENGLISH)

QUESTION 1 — Sets (Lesson 1)

Q1(A): Survey of 100 students studying languages — English, Hindi, Punjabi

Given Data:
* Only English =18
 English but not Hindi = 23
* English and Punjabi = 8
* English (total) = 26
* Punjabi (total) = 48
* Punjabi and Hindi = 8
* No Language = 24

Step-by-Step Solution:
Step 1: Total students = 100. Students studying at least one language = 100 - 24 = 76
Step 2: n(E) = 26, n(P) = 48
Step 3: n(E N P) = English and Punjabi = 8
Step 4: English but not Hindi =23 = n(E N'H") = 23
NENH)=nE)-n(ENH)=26-23=3
Step 5: By inclusion-exclusion:
n(E UP UH)=76
n(E U P)=n(E) +n(P)-n(EN P) =26 +48- 8=66
Step 6: n(H)=n(E U P UH)-n(E UP)+n(ENH)+nPNH)
n(H) = n(EUPUH)=n(E) - n(Ry+n(ENP) + n(ENH) + n(PNH)=n(ENPNH)
76 =26 +48 + n(H) - 8 - n(ENH) - 8 + n(ENPNH)
We know: Only English = 18 means n(E only) = 18
n(ENH) but not P = n(ENH) - n(ENPNH)
Also Only English = n(E) - n(ENP) - n(ENH) + n(ENPNH) = 18
26 - 8 - n(ENH) + n(ENPNH) = 18 = n(ENH) - n(ENPNH) =0 ... (*)
Using inclusion-exclusion with n(EUP UH) = 76:
76=26+48 +n(H)-8-3-8+ n(ENPNH)
From (*): n(ENPNH) = n(ENH) - 0, and n(ENH) = 3 (from Step 4)
Son(ENPNH) =3
76=26+48+n(H)-8-3-8+3=58+n(H)
n(H)=76-58 =18
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(i) Students studying n(H) = 18 students
Hindi:

(ii) Students studying n(E N H) = 3 students
English AND Hindi:

Q1(B): Check if f(x) = x / (x? - 5x + 4) is an Even function. Find its Domain.

Part 1 — Check if Even:
A function is even if f(-x) = f(x) for all x.
f(x) =x/(x*-5x + 4)
f(-x) = (-x) / ((-x)*- 5(-x) + 4)
=-x/(x*+5x +4)
Since f(-x) #f(x) and f(-x) # -f(x),
the function is NEITHER even NOR odd.

Part 2 — Find Domain:
f(x) is defined where denominator # 0
xX2-5x+4#0
(x-1)(x-4)#0
Sox#1andx#4

Function is Even? NO — Neither Even nor Odd

Domain: R - {1, 4} i.e., all real numbers except 1 and 4

QUESTION 2 — Probability (Lesson 19)

Q2(A): Coin tossed 3 times — Probability of Alternating Head & Tail
Total outcomes when tossing 3 times = 2° =8
All outcomes: HHH, HHT, HTH, HTT, THH, THT, TTH, TTT

(i) If first toss is Head — Alternating must be: H, T, H

Favorable outcome = {HTH} = 1 outcome
P(HTH) = 1/8

P(alternating | first = 1/8
Head):
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(i) If first toss is Tail — Alternating must be: T, H, T
Favorable outcome = {THT} = 1 outcome
P(THT)=1/8

P(alternating | first = Tail): | 1/8

Q2(B): Numbers chosen from {1,2,...,9} and {1,2,...,9}. Product of probabilities.
Total pairs =9 x 9 = 81

RAM: P(sum = 10)
Pairs summing to 10: (1,9),(2,8),(3,7),(4,6),(5,5),(6,4),(7,3),(8,2),(9,1) =9 pairs
P(sum=10) = 9/81 =1/9

SHYAM: P(sum =8)
Pairs summing to 8: (1,7),(2,6),(3,5),(4,4),(5,3),(6,2),(7,1) =7 pairs
P(sum=8) = 7/81

Product = P(Ram) x P(Shyam) = (1/9) x (7/81) = 7/729
Product of Probabilities: 71729

QUESTION 3 — Arithmetic Progression (Lesson 6 & 7)

Q3(A): Factory produces 680 units in 4th year and 780 units in 8th year (AP)
Let first term = a, common difference = d
T.=a+3d=680 ..(1)
Te=a+7d=780 ..(2)
Subtract (1) from (2): 4d =100 = d =25
From (1): a = 680 - 3(25) = 680 - 75 = 605

(i) Production in 1st year: a = 605 units

T =a+10d = 605 + 10(25) = 605 + 250 = 855

(ii) Production in 11th 855 units
year:

Su = (n/2)[2a + (n-1)d] = (11/2)[2x605 + 10x25]
= (11/2)[1210 + 250] = (11/2)(1460) = 11 x 730 = 8030

(iii) Total Production in 11 8030 units
years:
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Q3(B): Find sum of series (13+23+...+15%) [ (12+22+...+15?)
Using formulae with n = 15:
TN = [n(n+1)/2]2 = [15x16/2]2 = [120]% = 14400
$n2 = n(n+1)(2n+1)/6 = 15x16x31/6 = 7440/6 = 1240
Ratio = 14400/ 1240 = 1800/155 = 360/31

Sum of Series: 14400/ 1240 = 360/31 = 11.61

QUESTION 4 — Trigonometry (Lesson 4 & 5)

Q4(A)(i): Prove that tan(60°+A)-tan(60°-A) = (2cos2A+1)/(2cos2A-1)
Using tan(A+B) and tan(A-B) formulae:
tan(60°+A) = (tan60° + tanA)/(1 - tan60°-tanA) = (V3 + tanA)/(1 - V3-tanA)
tan(60°-A) = (tan60° - tanA)/(1 + tan60°-tanA) = (V3 - tanA)/(1 + V3-tanA)
Product = [(N3#tanA)(V3-tanA)] / [(1-¥3-tanA)(1+V3-tanA)]
=[3 - tan?A] / [1 - 3tan?A]
Now divide numerator & denominator by cos?A:
= [3cos?A - sin?A] / [cos?A - 3sinA]
Numerator: 3cos?A - sin?A = 2cos?A + (cos?A-sin®A) = 2cos?A + cos2A
= (1+cos2A) + cos2A = 1 + 2cos2A
Denominator: cos?A - 3sin®A = cos?A - sinA - 2sin®A = cos2A - 2sin?A
= cos2A - (1-cos2A) = 2cos2A - 1
Therefore Product = (2cos2A+1)/(2cos2A-1) « Proved

Q4(A)(ii): General value of 0 for tan + tan20 + tan30 = 0
Note: tan36 = tan(B + 26) = (tanB + tan20)/(1 - tanB-tan26)
So: tanB:tan26-tan30 = tan36(1 - tanb-tan20) - tan306 ... rearranging:
tan® + tan26 + tan36 =0
= tan@ + tan206 = -tan36
We know: tan36 = tan(26+0) = (tan26+tanB)/(1-tan26-tanB)
So: -tan30 = -(tanB+tan20)/(1-tanB:tan20)
Thus: (tanB+tan20)[1,+1/(1-tanB-tan28)] = 0
Either tanB + tan26 =0 OR 1 -tanB-tan26 + 1 =0 = tan6-tan26'=2
Case 1: tan26 = -tan6 =tan(-6) = 26 = nm -0 = 30 = nTt = 6 = n1/3
Case 2: sinB-sin20 = 2c0s6-c0s20 = c0s36 = 0 = 30 = (2n+1)11/2 = 6 = (2n+1)11/6

General Solution: 0 =n1m/3 OR 0 = (2n+1)m/6 (where n € Z)

Q4(B): Triangular Park — Angles in AP, sides opposite smallest & largest in ratio V3:12
Angles of triangle in AP: Let angles = a-d, a, a+d
Sum = 3a=180°=a =60°
Angles: 60°-d, 60°, 60°+d
By Sine Rule: side/sinAngle = constant
Side opposite smallest angle (60°-d) : Side opposite larger angle (60°+d) = V3 : V2
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sin(60°-d) / sin(60°+d) = \V3/+/2
Using sine formula:
\2-sin(60°-d) = V3-sin(60°+d)
\2(sin60°cosd - cos60°sind) = V3(sin60°cosd + cos60°sind)
\2(\3/2-cosd - 1/2-sind) = V3(V3/2-cosd + 1/2-sind)
(V6/2)cosd - (V2/2)sind = (3/2)cosd + (V3/2)sind
(\6-3)/2 - cosd = (V3+42)/2 - sind
tand = (V6-3)/(V3+12)
Rationalize: multiply by (V3-v2)/(V3-V2):
tand = (V6-3)(V3-V2)/[(N3+V2)(V3-2)] = (V18-V12-3v3+3+2)/(3-2)
=3v2-2V3 - 3V3 + 312 = 62 - 5v3
~ 6(1.414) - 5(1.732) = 8.485 - 8.660 = -0.175 = tan(-10°)
So d = -10° (taking positive angle), meaning d = 10°
Angles: 60°-10° = 50°, 60°, 60°+10° = 70°

(i) Three angles of 50°, 60°, 70°
triangle:

Largest angle = 70°, so the side opposite 70° is the LARGEST side

(ii) Side opposite largest The side NOT given in the ratio (the third side, opposite 70°)
angle (70°):

QUESTION 5 — Statistics (Lesson 17)

Q5(A): Monthly Data Usage of 800 Internet Users

28 28

40-49

50-59 92 120
60-69 116 236
70-79 152 388
80-89 136 524
90-99 124 648
100-109 96 744
110-119 44 788
120-129 12 800
TOTAL 800 —

(i) 5th class =80-89 — Upper limit = 89
(i) 8th class = 110-119 — Lower limit = 110
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i) Class interval size =49-40+1=10 OR 50-40=10

iv) 4th class = 70-79 — Frequency = 152

v) 6th class = 90-99 — Cumulative Frequency = 648

vi) Users with 100 GB or more = 96 + 44 + 12 = 152
Percentage = (152/800) x 100 = 19%

(
(
(
(

(vii) Median Calculation:
n =800 — n/2 =400
Cumulative frequency just before 400 = 388 (class 70-79)
So Median class = 80-89
L = 80 (lower limit), f = 136 (freq), cf = 388 (prev. cumul.), h =10
Median = L + [(n/2 - cf)/flx h
=80 + [(400 - 388)/136] x 10
=80 +[12/136] x 10
=80 + 120/136
=80 + 0.882 ~ 80.88 GB

Median: =~ 80.88 GB

Q5(B): Assertion-Reason — Variance and Dot Diagrams
Assertion (A): Set A: {5,15,25,35,45,55} — Mean=30, Variance=291.67
Set B: {15,16,...,45} (31 values) — Mean=30, Variance=80
Reason (R): Dot Diagrams show spread of data.
Analysis:
« Set A values are widely spread (every 10 units) — High variance v
» Set B values are closely packed (consecutive integers) — Lower variance v/
* Both mean = 30 v/ (A'is TRUE)
* Dot Diagram correctly shows 'Set A'is more 'spread out than Set B (R is TRUE)
» The dot diagram IS the correct visual explanation for WHY variance differs — R correctly explains A

Correct Answer: Option (a) — Both A and R are true, and R is correct
explanation of A

QUESTION 6 — Project (Lessons 8, 9, 11, 12)

Q6(A)(l): Carpenter cuts 3 pieces from 101 cm cardboard
Let shortest piece = x cm
Second piece = x + 11 cm
Third piece = 3x cm
Condition 1: Sum = 101
X+ (x+11) + 3x = 101
5x+11=101=5x=90=x =18 cm
Condition 2: Third piece = Second piece + 8
XZ2(x+11)+8=3x2x+19=>2x219=x295
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Since x = 18 from Condition 1, and 18 29.5 v/
All pieces: Shortest = 18 cm, Second = 29 cm, Third = 54 cm
Check: 18 +29 +54 =101 v/,54-29=2528 v/

Shortest piece: x =18 cm (Pieces: 18, 29, 54 cm)

Q6(A)(Il): Complex Numbers z:=3-2i, z,=3+2i, z;=1+i

(a=z+2z+2z
= (3-2i) + (3+2i) + (1+i)
= (3+3+1) + (-2i+2i+i)
=T7+i

o =2z2+2,+2: = 7+i

(i)B=z1x2z2% 2
Zi X 2, = (3-2i)(3+2i) =9-4iP=9+4 =13
B=13x (1+i) =13+ 13i

B = zixz,%z3 = 13 + 13i

(III) Y= 22,2,/Z;
27.2,=2x13=26
y =26 / (1+i) -~ Multiply by conjugate (1-i)/(1-i)
= 26(1-i) / (1-i%) = 26(1-i)/2 = 13(1-i) = 13 - 13i
Y = 2z:z:/z;: = 13 -13i

(iv) On Complex Plane:
a=7+i = Point(7,1)
B=13+13i — Point (13, 13)
y=13-13i — Point (13, -13)

(v) Modulus and Argument:
lal = V(72+12) = (49+1) = /50 = 5\2
arg(a) = tan™(1/7) = 8.13°
Bl = V(132+132) = 132
arg(B) = tan™(13/13) = tan™'(1) = 45° = /4
IV = V(132+132) = 13+2
arg(y) = tan(-13/13) = -45° = -Tr/4

7+i 5V2 = 7.07 tan"'(1/7) = 8.13°
13 +13i 13V2 = 18.38 /4 = 45°
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Y 13 -13i 13V2 = 18.38 -T1/4 = -45°

Q6(B)(i): Dinner Party Invitations — Combinations
Rohan has: 4 ladies + 3 men. Sunita has: 3 ladies + 4 men.
Need: 3 ladies + 3 men total. Exactly 3 from Rohan, 3 from Sunita.
Rohan contributes 3 guests, Sunita contributes 3 guests.
Case 1: Rohan gives (3L, OM), Sunita gives (0L, 3M)

C(4,3)xC(3,0) x C(3,0)xC(4,3) = 4x1x1x4 = 16
Case 2: Rohan gives (2L, 1M), Sunita gives (1L, 2M)
C(4,2)xC(3,1) x C(3,1)xC(4,2) = 6x3%3x6 = 324
Case 3: Rohan gives (1L, 2M), Sunita gives (2L, 1M)
C(4,1)xC(3,2) x C(3,2)xC(4,1) = 4x3x3x4 = 144
Case 4: Rohan gives (0L, 3M), Sunita gives (3L, OM)
C(4,0)xC(3,3) xC(3,3)xC(4,0) = 1x1x1x1 =1
Total = 16 + 324 + 144 + 1 = 485

Total ways to invite: 485 ways

Q6(B)(ii): 5th, 6th, 7th terms of (1+y)" in AP — Prove two values of n are in ratio 1:2
Ts = C(n,4), Te = C(n,5), T, = C(n,6)
For AP: 2Te =Ts + T,
2:C(n,5) = C(n,4) +'C(n,6)

Dividing all by C(n,5):

2 = C(n,4)/C(n,5) + C(n,6)/C(n,5)
C(n,4)/C(n,5) = 5/(n-4)
C(n,6)/C(n,5) = (n-5)/6

2 = 5/(n-4) + (n-5)/6
Multiply by 6(n-4):

12(n-4) =30 + (n-5)(n-4)
12n-48 =30 +n?-9n + 20
12n-48 =n?-9n + 50
n?-21n+98 =0
(n-7)(n-14) =0

n=7orn=14
Since 14 = 2x7, one value is double the other. v Proved
Values of n: n=7andn=14 (14=2x7)

Q6(B)(iii): Rectangular table (x+3)x(x+1) ft, Area < 30 sq ft. Find x.
Area = (x+3)(x+1) < 30
x2+4x+3<30
X2+4x-27<0
Solving x2 + 4x - 27 = 0:
X =[-4 £ (16+108)]/ 2 = [-4 +\V124]/ 2 = [-4 + 2\31]/ 2
x =-2 31
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V31 = 5.57

X=-2+557=357 or x=-2-557=-7.57
So x2 + 4x - 27 < 0 when -2-V31 < x < -2+v31

Since x must be positive (length): 0 < x < -2+v31 = 3.57

Possible values of x:

0<x<V31-2

= 0 <x < 3.57 feet
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PART B — &#quT gef (fg=r #)

Q1(A): 100 ozt & Fd&TOT 7 HTST3AT T eI

KIS GEIELF
« hdel 313raiT = 18
« 373rSTT SIfehet T8ET 8T = 23
« 3731 3R gaIrelt = 8
* el 3T = 26
-gﬁtitﬂ'q“r:%
« garreT 3R fBér =8
« IS HTST TEY = 24

3

TROT 1: S H e Teh HIYT Gga! arel = 100 - 24 = 76
TROT 2: n(373IST) = 26, n(U=TTeT) = 48
TROT 3: (37T N ToTrelT) = 8
TROT 4: 3731t ifchet T84T Al = 23
n(3T3sir N f@4T) = n(37a1ei) - 23=26-23 =3
TROT 5: chdel AT =18 gl A
N3 N gairelr N f8E) = 3 (31071 & 915)
TIUT 6: 76 = 26 + 48 + n(H) =8~ 3 =8 + 3= 58+ n(H)
n(fgér) = 76 - 58 =118

(i) T&<r vget arer faezmd: 18 faczmeff

Q1(B): f(x) = x/(x2-5x+4) — HH Felel A1 Ud Iid

T 1 — HH Helel AT
f(-x) = (-x)/(x2+5x+4) # f(x) 3T # -f(x)
37cT: IU§ Heled of ol HH g, o fawa|

HATIT 2 — YT
A0 > x25x+4#0 — (x-1)(x-4)#0
AT x#13x#4

HH Fole: el — o dr &, o fawe
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I} (Domain): R-{1, 4}

Q2(A): BT 3 IR 3BTAT — Udhlec AId-9e T U1idendr
ol IRUMA =22 =8
(i) ggerm 38Tel I (H) — e: H, T, H
3eTehel IRUTH = {HTH} = 1
orfehdr: 1/8

(ii) g 3BT 9 (T) —FHA: T, H, T
3efehel IR = {THT} = 1
T AehdT: 1/8

Q2(B): {1,...,9} ¥ Ueh-Uch T&AT — 1 (T19T=10), ITH (I191=8)
Fel 519 = 9x9 = 81
AT =10TeT S8 =9 — P=9/81=1/9
I AT =8dlel ol =7 — P = 7/81
AUTABS = 1/9,% 7/81,= 7/729

TR AT3AT T TOTAR: 71729

92T 3 — AR A0l (1S 6 T 7)

Q3(A): FRTETA H AN 3T — 49 IV 680, 87 a¥ 780
HAAT YU IS = a, AR = d
Ti=a+3d=680 ..(1)
Ts=a+7d=780 ..(2)
(2)-(1): 4d =100 — d=25
a =680 - 75 = 605

(i) 9ot a¥ & 3cUreeT: 605 SHIsIT

T =605 + 10x25 = 855
(ii) 113 a¥ & 3curea: 855 31T

Su = (11/2)[2x605 + 10x25] = (11/2)(1460) = 8030
(i) 11 ST & et SeareT: 8030 HISAT
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Q3(B): AUM (19+2%+...4+15%)/(124+22+...+152) & 1T
Sn® = [15x16/2]2 = [120]2 = 14400
n? = 15x16x31/6 = 1240
31T = 14400/1240 = 360/31

Soft &1 IeT: 14400/1240 = 360/31 = 11.61

Q4(A)(i): gy #<: tan(60°+A)-tan(60°-A) = (2cos2A+1)/(2cos2A-1)
tan(60°+A) = (V3+tanA)/(1-\3tanA)
tan(60°-A) = (V3-tanA)/(1+v3tanA)

IUTeThel = (3-tan®A)/(1-3tan?A)

cos?A T HTIT &1 T

3727 = 3c0s?A - sin?A = 1 + 2c0s2A = 2c0s2A + 1

Y = cos?A - 3sin?A = 2cos2A - 1

. I[UTd%hel = (2cos2A+1)/(2cos2A-1) / ﬁaja

9

Q4(A)(ii): tan® + tan20 + tan30 = 0 3T cITYh HleT
gol: 6 = nT1/3 37YUAT 0 = (2n+1)T/6 (ST n € Z)
cq9ch gel: 0 =n1/3 IT 6 = (2n+1)1/6

Q4(B): THSSTThR 3Tl — HIVT HAT-AX AV H, AT V3:\2 H
JIst I9T; a-d, a, a+d-3iR 3a = 180° = a = 60°
ST rT\ @ sin(60°-d)/sin(60°+d) = V3/2
gl el 9T d = 10°
(i) =t hroT: 50°, 60°, 70°

(ii) FE &3 10T (70°) ey 87T (V2 S 31eTUTCT aTell e, Sfeeh AW 87sM)

g1 5 — TITEIHT (16 17)

Q5(A): 800 SeTAT 3YATHATIT T ATTHS 3T 3TJET

| a# (B) I
40-49 28 28
50-59 92 120
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60-69 116 236

70-79 152 388
80-89 136 524
90-99 124 648
100-109 96 744
110-119 44 788
120-129 12 800
el 800 —

S

(i) 59 F9T (80—89) FT 3T HI#AT = 89
(ii) 8 3T (110—119) Fr fove=r I&AT = 110
(iiii) 3T 37RTeT T AT = 10
(iv) 4% T3 (70-79) T TREARAT = 152
(v) 6d 3T (90-99) Fr HTAT SRERAT = 648
(vi) 100 GB/&T 31f8% = 96+44+12 = 152 — Hfaeld = 19%
(vii) ATETh:
n/2 =400 — HATETS 7 = 80-89
AT = 80 + [(400-388)/136]x10 = 80 + 0.882 =~ 80.88 GB

HIETh: = 80.88 GB

Q5(B): FYT (A) 3R HRT (R) — FEROT 7 foig for
HU (A): FHIT AHT AT =30, GHIU=291.67 (Fcd)
oI B HI ATEF=30, FAIUT=80 (Hc2)
SRT (R): Tog T @Riidr & T geead A 31ftish thell § — T8R0T 31ftieh (HeT saren)

Hel 31 dFed (a) — A 3R R glAT T, R, A &1 T&! caredm

g2t 6 — GRS (U1 8,9,11,12)

Q6(A)(1): 52 101 JY 37 J it gohs el &
HIAT HA BICT ohsl = x AAL
G TohsT = x+11 TAY, IR = Sx [T
T x + (x+11) + 3x =101 — 5x=90 — x = 18 {HAY
T 3x 2 (x+11)+8 — 2x219 — x29.5 (18295 V)

T BIET The: 18 AT (ghs: 18, 29, 54 )

Q6(A)(Il): TTFAS TEATT 2,=3-2i, z;=3+2i, z:=1+i
(i) a = (3-2i)+(3+2i)+(1+i) = 7+i

a= 7+i
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(i) zixz2 = 9+4 = 13, B = 13x(14i) = 13+13i

B= 13 + 13
(iii) y = 26/(1+i) = 26(1-i)/2 = 13-13i
y= 13 - 13i

(iv) FFFH T W a—(7,1), B—(13,13), y—(13,-13)
(v) |a|=52, arg(a)=tan™'(1/7)=8.13°

|B|=13+2, arg(B)=T1/4=45°

ly|=1372, arg(y)=-T1/4=-45°

Q6(B)(i): T — T2t &l 3TART FIA & dh
& 1: Va7 A (3ATAT, 09%W), FofraT ¥ (07T, 37%W) = C(4,3)xC(4,3) = 16
HE 2: Aged A (2A,19), FellcT & (17,29) = C(4,2)xC(3,1)xC(3,1)xC(4,2) = 324
&+ 3: Mgl A (17,29), FoAlaT & (27,19) = C(4,1)%C(3,2)xC(3,2)xC(4,1) = 144
e 4: gl & (0F,3Y), GeilaT A (37,09) = 1
&l = 16+324+144+1 = 485

3THVT o Foel ciTeh: 485 %

Q6(B)(ii): (1+y)~ & 5d, 6d, 7d e AP § — n & &l AT aH[e
2:C(n,5) = C(n,4) + C(n,6)
T el W n2-21n +98 =0
(n-7)(n-14) =0=>/n=73TTn = 14
ik 14 = 2x7, 'Ta HTol GEY &1 AT 6| v ey
n & AT 7 31X 14 (14 = 2x7)

Q6(B)(iii): AT (x+3)%(x+1) P, &Thel < 30 T He
(x+3)(x+1) <30
xX2+4x+3<30 - x2+4x-27<0
X = [-4+V(16+108)]/2 = -2+31
\V31=557 — x<-2+V31=3.57
X YeATcHS gl IMgV; 0.< x < V31-2

X & HeTfae AT 0<x<V31-2 = 0<x<3.57%c

* G 927 §of &I TT — All Questions Solved %
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