MODULE 3

stepwiselive.com - +91 8368578010

MATHEMATICS

MODULE 3

MATHEMATICSFOR IPMAT INTERVIEW

Calculus - Graphs - Probability - Algebra - Satistics

Mathematics questions are asked in almost every IPMAT interview panel. Panelists test conceptual clarity, not just
formulae. This module covers every mathematical topic asked across IIM Indore, Rohtak, and Ranchi — with model
answers, key theorems, graph descriptions, and real-life application questions.

WHAT'SINSIDE THISMODULE

m Graphs& Functions [ Calculus

30+ graph questions with key features described Differentiation, integration, applications
m Probability m Statistics

Concepts, Bayes theorem, actual Q& A; Mean / Median / Mode, standard deviation
m Algebra m Application Q&A;

Matrices, determinants, sequences Real-life application questions answered
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1. ESSENTIAL FORMULA SHEET

Y ou must be able to state and derive these on demand. Panelists often ask: 'What is the formula? Can you prove it?

Differentiation — Key Derivatives

FUNCTION f(x) DERIVATIVE f'(x) NOTES

Xu n-x"(n-1) Power rule — most fundamental

em em Unique: derivative equals the function itself
Inx 1/x Important for log-graph questions

sinx COS X

COS X -sinx

tan X Sec? X

sinmlx 1/V(1-x? Inversetrig

tanm 1 x 1/(1+x?3 Inversetrig

u-v u'v+uv Product rule

ulv (u'v—uv)/v2 Quotient rule

Integration — Key Integrals

FUNCTION INTEGRAL [f(x) dx NOTES

Xu xMn+1) / (n+1) + C nz-1

1/x Injx] + C Asked very frequently
em em +C

sinx —cosx +C

CosS X sinx+C

In x xInx-x+C Integration by parts

Probability Formulas

CONCEPT FORMULA

PA T B) P(A) + P(B) - P(A n B)

P(A | B) Conditional P(A n B)/ P(B)

Bayes Theorem P(A[B) = P(BIA) - P(A) / P(B)
Combination C(n,r) nt/rl-(n=n!

Permutation P(n,r) '/ (n-rn)!

Independent events P(A n B) = P(A) - P(B)
Mutually exclusive P(ANnB)=0
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Statistics

Arithmetic Mean Sum of all values + number of values

Median Middle value when data is ordered (average of two middle values for even n)
Mode Most frequently occurring value

Standard Deviation V[ Z(xm — )2/ n] — measures spread around the mean

Variance 02 — sguare of standard deviation

AM = GM = HM Fundamental inequality between the three means

2. GRAPH QUESTIONS (Most Commonly Asked)

Y ou will be asked to draw or describe a graph on demand. Practice sketching each one on paper. In online interviews, describe key
features verbally: domain, range, asymptotes, inter cepts, shape, behaviour at extremes.

Graph of y = x2
Upward parabola, vertex at origin, symmetric about the y-axis. y = 0 always.

Graph of y = —x?

Downward parabola, maximum at origin. Used to illustrate maxima.

Graph of y = x8
S-shaped curve through origin. Inflection point at origin. Odd function.

Graphofy =em
Always positive. Passes through (0, 1). Asx - —, y - 0 (asymptote at y = 0).

Graph of y =1In x
Defined only for x > 0. Passes through (1, 0). ASx - 0m, y — —co,

Graph of y = |x|
V-shape, vertex at origin. Not differentiable at x = 0.

Graphofy =[x -1]|
V-shape shifted right — vertex at (1, 0).

Graphofy = |2 - x|
Vertex at (2,0). Forx<2:y=2-x.Forx>2:y=x-2.

Graphofy=1/x
Hyperbola. Two branchesin Q1 and Q3. Asymptotes: x =0andy = 0.

Graph of y =sin x
Oscillates between —1 and +1. Period = 21t Passes through (0, 0).
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Graph of y = cosx
Oscillates between —1 and +1. Starts at (0, 1). Period = 21t

Graph of y =tan x
Period = 1. Asymptotes at x = 172, 3172, ... Passes through (0, 0).

Graph of x2+y2=r2

Circle centred at origin, radiusr.

Graph of y2 = 4ax
Parabola opening rightward. Vertex at origin. Focus at (a, 0).

Graphofy=-x2+4
Downward parabola shifted up. Passes through (0, 4); roots at X = +2.

Graphofy=x2-4
Upward parabola. Roots at x = £2. Vertex at (0, —4).

Graph of y = log x
Same asy = In x (natural log) or log base 10. Defined only for x > 0.

Graph of y =x + 1/x

For x > 0: minimum valueis2 at x = 1. For x < 0: maximum is —2.

Graph of y = e*(x?)
Symmetric about y-axis. Always positive. Minimum at (O, 1).

Graph of Graph of 4x + 3y < 12
Shade the half-plane below the line 4x + 3y = 12. Intercepts: (3, 0) and (0, 4).

3. MATHEMATICS Q&A; — ACTUAL INTERVIEW QUESTIONS

Q: What isa derivative and what isits geometric meaning?
0 A derivative is the rate of change of afunction with respect to its variable. Geometrically, f '(x) at a point P represents the slope of
the tangent line to the curvey = f(x) at P.

Q: What isintegration and how doesit differ from differentiation?
O Differentiation finds the instantaneous rate of change (slope). Integration finds the accumulated area under acurve. They are inverse
operations — the Fundamental Theorem of Calculus links them: [ f '(x) dx = f(x) + C.

Q: What arethe practical applications of differentiation and integration?
O Differentiation: finding velocity from displacement, marginal cost in economics, optimisation (maxima/ minima), slope of demand
curves. Integration: total revenue from marginal revenue, area under curves, volume of solids, computing the path of rivers using
calculus.

Q: How would you count the hairson your head using integration?
0 Model the scalp asa 2D surface. Useintegration to find the total area of the scalp. Multiply by hair density (hairs per cm?), estimated
by counting hairs on a1 cm? patch. m density dA over the scalp surface gives the total hair count.

Q: What isthevalue of [|x| dx from -1to 1?
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0 Split theintegral: mmm (-x) dx =[-X%/2|mmm = 1/2. (m1x dx =[x¥2]m*=1/2. Total = 1/2+ 1/2=1.

Q: Can afunction be continuous but not differentiable? Give an example.
O Yes. f(x) = [x| is continuous everywhere but not differentiable at x = 0, because the slope changes abruptly from -1 to +1 — left and
right derivatives differ.

Q: What isBayes Theorem? Give a practical example.
0 P(A|B) = P(BJA) - P(A) / P(B). Example: a disease affects 1% of the population; the test is 95% accurate. If you test positive,
P(disease|positive) = 16% — the low base rate dramatically reduces the probability despite high test accuracy.

Q: Probability of getting at most 1 head in 3 coin tosses?
0 P(0 heads) = (1/2)3 = 1/8. P(1 head) = C(3,1) x (1/2)3 = 3/8. P(at most 1 head) = 1/8 + 3/8 = 4/8 = 1/2.

Q: You walk for 15 minutes randomly between 4 pm and 5 pm. Your friend doesthe same. Probability you meet?
[0 Geometric probability. Sample space = 60 x 60 = 3600. Favourable region: |[x —y| < 15. Area= 3600 — 2 x (45%/2) = 1575. P = 1575
/3600 = 7/16 = 0.4375.

Q: Maximum and minimum value of (x + 1/x)?
0 For x > 0: by AM-GM, x + I/x = 2. Minimum = 2 at x = 1. No finite maximum. For x < 0: X + 1/x < =2. Maximum = -2 at x = —1.

Q: What isa skew-symmetric determinant and what isitsvalue?
O A skew-symmetric matrix satisfies Am = —A (all diagonal entries = 0). For any odd-order skew-symmetric matrix, det(A) = 0.

Q: Sum of thefirst 100 odd numbers?
0 Sum of first n odd numbers = n2. For n = 100: sum = 10,000.

Q: How can you cut a cakeinto 8 pieces with only 3 cuts?
0 Cut 1 and Cut 2: two perpendicular cuts through the top — 4 pieces. Cut 3: one horizontal cut through the middle — doubles each
piece - 8 pieces.

Q: Why isttequal to 22/7?
O misirrational — 22/7 is a close approximation (= 3.14286 vs 1= 3.14159), not an equality. Archimedes established bounds 223/71
<1< 22/7 using inscribed and circumscribed polygons.

Q: What doesa correlation of 0 mean?
0 r=0meansthereisno linear relationship between the variables. A non-linear relationship (e.g., quadratic) may still exist.

Q: Integratelog x.
OfInxdx=xInx—x+ C. Useintegration by parts: u=Inx, dv = dx.

Q: Differentiatey = |x| at x = 0.
O Not differentiable at x = 0. Left-hand derivative = lim (|0 — h| = 0) / (-h) = —1. Right-hand derivative=1lim (h—0) /h=1. LHD #
RHD - derivative does not exist at x = 0.

Q: What ismarginal probability?
O In ajoint distribution of two variables X and Y, the marginal probability P(X = x) is obtained by summing P(X =X, Y =y) over al
values of y — 'marginalising out' Y.

m Pro Tip: When asked a maths question, THINK OUT LOUD. Say: 'Let me approach this step by step..." Showing your reasoning
impresses more than a rushed correct answer.
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