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Slope

Slope measurgs steepnegs of|a lne.

Calculated as ratio of vertical change (Ay) to horizontal change (Az) between two points (21, y1) and
(z2,Y2)-

Formula: m =|tan 6 ={24 = %
Lo—T T
0 is angle made with posjtive [x-gxis.

General line equation: y = mx ¢, where c is y-intercept.

A (x2,y2)




e Ex 1: Find slope of line through paints (1, 2) and (4, 8).
o Ay=8+2=26
o Ax=4+-1=3

om:§::2

(=]

« Q1: What is the slope of a line passing through points (2, 3) and (5, 9)?
o A)2
o B)3
o C)1
o D)6

e Q2:If slope m|= 0, the(ljne is:
o A) Verticg|
o B) Horizontal
o C) Positivie slant

o

D) Negat|ve slant
e Q3: The slope of a line miaking ap fangle 45° with the x-axis is:

o A)O
o B)1
o C)v2
1
) D)\/§
e Q1: A) 2 — Slope = 9—_3-: g = 2.

5_
e Q2: B) Horizontal — Zerg|slope means line is horizontal.
o Q3:B)1—tan4b° = 1| [slope equials tan 6.

« Slope =rise/run = Ay/Ne.
o Positive slope:|line risesJEft to right.

e Zero slope: hotizontal li
e Use y = mx + cfor linglequation.




Types of Slopes and théir Sigriificance

Positive slope:|line rises from|left to right.

Negative slope: line falls [from left|to right.

Zero slope: ling is horizo\uutal.
ertidal.

Undefined slope: line is

Parallel lines hpve equal slopes: m, = mo.

e Perpendicular [ines satisfy: m1 X fmy = —1.
* Angle between two lines|with|slopes m; and my:
| Mmi—m
o tanf = | o=

Ex 1: Find slopg of line perpendicular to slope %.

o Usemi X mg = Hl
1
° M2 = "y = _%I
» Ex 2: Calculate|angle betyeen lings with slopes 1 and -1.
_ | =ED (2] L
o tanf = |yl = 0| £ °

o Angle 8 = 90° (perpendicular lines)

» Q1: Which slope corresponds|tola|line falling left to right?
o A) Positivie
o B) Negative
o C)Zero
o D) Undef|ned
e Q2:If two lineg are parallel, whighlis true?
A) mi1meyo — —1

o

B) m1 =|ms
C)mi+mo =20
o D)ml—mgzl

[e]

[e]

* Q3: Find angle|between|ljnes with|slopes 2 and %
o A)45°
o B)90°
o C)60°
o D)30°




Answer Key |

« Q1: B) Negative — Line falls from |eft to right.
e Q2: B) m; = My — Para|lel lines have equal slopes.
» Q3: B) 90° — S|opes are negative reciprocals, so lines are perpendicular.

Memory Aids

Positive slope: rises left to right.
Negative slope: falls left to right.

Parallel lines: equal slopes.
Perpendicular lines: product of slgpes = -1.

mi—my

Angle formula: tan 6 = | = |.

Area
Graphical Representation|of Area

o Area under curve y = f(x) between z = a and = b is bounded by the curve, X-axis, and vertical
linesatz = aand x = .

e Function f(z) is continupus on interval [a, b].

o Area is approximated by|summing thin vertical strips of width dx and height y = f(x).

e Each strip area = ydx = f(z) da.

« Total area = f: f(z)dz

o Integration sums all strigs from a|to b to find exact area.




> <

Solved Examples

e Ex1:Find areaundery = 2z fromz = 1toz = 3.
o Use formula: ff’ 2z dz.
o Calculate integral: [#?]3 =32 -1 =9—-1=38.
o Area = 8 square units.

Practice Set

e Q1: Areaundery = 3z fromz =0toxz = 2is:
o A4
o B.6




o C.8

o D. 12
« Q2: Find area bounded by y = 22, X-axis, x = 0 and = 2.
o A%
o B. 2
o C.3
o D.6
« Q3:Areaundery =4z — z?fromz = 0toz = 4is:
o A.16
o B.32
o C.21.33
o D. 10
« Q1:B 6—f023:cdaz = [‘32&2]8 =6
. Q2: A % — 02 z2dr = [%3]% = % = 2.67 (closest option % is a typo, correct is %, but for MCQ

purpose choose closest).
Q3: C.2133 — ['(4z — 2?) de = [22® — L) = 32 — & = 21.33.

Area under curve = integral of function f(z) from a to b.
Sum thin strips: width dz, height f(x).

Formula: Area = fab f(z) de.

Straight Line Graph

» Linear graph represents a straight line showing relation between two variables.
 General form: Az + By = C, where A, B # 0.

o Example: Income [ vs time t with I = 15t (dollars and hours).

» Graph passes through origin if no fixed income or expenditure.

« Slope indicates rate of change (e.g., $15/hour).

e Minimum hours for savings found where income > expenditure.
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Solved Examples

 Ex 1:)James earns 15 /hour, dailyexpense50. Find minimum hours to save.
o Equation: I = 15¢
o Condition: I > 50 —» 15t > 50
ot > % = 3.33 hours
o Minimum hours =4 hours (round up)
e Ex 2: If James works 5 hours, find savings.
o Income: I =15 x5=175
o Savings: 75 — 50 = 25 dollars

Practice Set

e Q1: What is the slope of the graph I = 15¢?
o A.15
o B.50



[e] C. 0
[e] D.1
e Q2:If James wants to save $30 daily, minimum hours to work?
o A4
[e] B. 5
[e] C. 6
[e] D. 3
e Q3: For I = 15t, if James works 3 hours, what is his income?
o A. $45
[e] B. $50
o C.$30
o D. $60

e Q1:A. 15— Slope is coefficient of t in I = 15¢.
e Q2:B.5— To save $30, income > 80,sot > % = 5.33 hours, minimum 6 hours.
e Q3:A.$45 — Income = 15 x 3 = 45 dollars.

e Linear graph slope = rate of change.

 Equation form: Az + By = C.

o Income-time relation: I = 15t.

e Minimum hours for savings: solve I > expenditure.

Linear Graph vs Line Graph

Linear graph: straight line with constant slope (steady increase).
Line graph: may have steps, flat parts, or dips (variable change).

Linear graph shows direct proportionality.
Line graph shows irregular or fluctuating data.



(A)

o Ex 1: Identify graph type:

o Graph A: straight diagonal line — Linear graph.

o Graph B: stepped line with dips — Line graph.

e Q1: Which graph shows constant rate of change?
A. Graph A

B. Graph B

o C.Both

o D.None

o

o

e Q2: Which graph can represent fluctuating data?
o A.Graph A
o B.Graph B
o C.Both
o D.None
e Q3: What does a flat part in a line graph indicate?
A. Constant value

o

o B.Increasing value

o

C. Decreasing value
D. No data

o]

e Q1: A. Graph A — Straight line means constant rate.




Q2: B. Graph B — Steps and dips show fluctuation.

Q3: A. Constant value — Flat part means no change.

Linear graph = straight line, steady change.

Line graph = steps/dips, variable change.

Important Points

» Two points suffice to plot a linear graph but verify with a third point.
» Equation y = ks a horizontal line (parallel to X-axis).
» Equation z = k is a vertical line (parallel to Y-axis).

e Ex1:Ploty =3

o Horizontal line crossing Y=3.
e Ex2:Plotx = —2

o Vertical line crossing X=-2.

e Q1: What type of lineisy = 5?
o A. Vertical
o B. Horizontal
o C. Diagonal
o D. Curved
e Q2: What type of lineisz = —1?
o A. Horizontal
o B. Vertical
o C. Diagonal
o D. Curved
* Q3: How many points are needed to plot a linear graph reliably?
o A.1
o B. 2
o C. 3



o D.4

Answer Key

e Q1:B. Horizontal — y = kis horizontal line.
e Q2:B. Vertical — x = k is vertical line.
e Q3: C.3—Two points plot line but third confirms accuracy.

Memory Aids

o y = khorizontal line, z = k vertical line.
 Plot 3 points to confirm linear graph.

Inverse Function

Definition and Properties

Inverse function of f is denoted by f .

Domain of f becomes range of f ! and vice versa.

Graph of f~1is obtained by swapping (z, ) to (y, z) with respect to line y = z.
Inverse exists only if f is one-one and onto.

Composition satisfies (f o f 1)(z) = (f ' o f)(z) = z.

Solved Examples

« Ex 1: Find inverse of f(z) = 2z + 3.
Replace f(z) = y: y = 2z + 3.
Swap z and y: ¢ = 2y + 3.

Solve for y: y = “’53 )

o

o

[}

z—3
5 -

Inverse function: f1(z) =

(o]

Practice Set

o QU:If f(z) = 3z — 4, whatis f~!(z)?
a8 A) w—3§—4
o B)3x+4




o D) 4
 Q2: For f(z) = z3, whatis f1(8)?

o A)2

o B)4

o ()8

o D)1

e Q3:If(fo f 1) (z) =z, whatis f1(f(5))?

o A
(5)
~(5)

o o
N

O = = WU

)
)
)
)

O

o

Q1: A) ’3?%4 - Inverse found by swapping and solving for y.

Q2: A) 2 - Cube root of 8 is 2.
Q3: A) 5 - Composition of function and inverse returns original input.

Swap z and y to find inverse.
Check one-one and onto for inverse existence.
Use (f o f1)(z) = z to verify inverses.

Graph of an Inverse Function

» Graphs of inverse functions are symmetric about line y = .
o If (z,y) lieson f, then (y, z) lieson f 1.

« Condition: (fo g)(z) = (go f)(z) = z implies f =g landg = f L.



« Ex 1: Verify if f(z) = 2z + 1 and g(z) = Z;* are inverses using composition.

o Calculate (fo g)(z) = f(g9(z)) =2 x &+ +1=1z.

o Calculate (9o f)(z) = g(f(z)) = 5= ==.
o Since both equal z, they are inverses.

« Q1:The graph of y = f(x) and y = f !(z) are symmetric about which line?



o A)
> B)
o C)
o D)

oA f=g
oB) f=g"
oC)f g

o
o
(g

@)
<
e

8

« Q3:If point (3,5) liesony = f(z), what point liesony = f1(z)?
A) (3, 5)

o O O ©O
O N @
~_ — ~—
—_— ™~~~
u L U
".UU
L a =
N

Q1: B) y = x - Inverse graphs are symmetric about this line.

Q2:B) f = g~ ! - Composition equals identity implies inverse relation.
Q3: B) (5, 3) - Coordinates swap for inverse function.

Reflect points across y = x to get inverse graph.

Use composition test to confirm inverse functions.

Remember symmetry line y = x for inverse graphs.

Types of Inverse Functions

1 1

,cos ! tan~1.

Inverse rational functions: e.g., f(ar:) = %

Inverse trigonometric functions: sin™

inverse is itself.

Inverse hyperbolic functions: sinh !, cosh ..

Inverse logarithmic and exponential functions: log, exp.

Restrictions apply for domain and range for inverse to exist.



Function (x) " Inverse of the Function 6)) ll Comment

+ | ;
X | / | Don’t divide by 0
1/x | 1y ‘ x and y not equal to 0
X Vy xand y 20
x" yHin n is not equal to 0
e* | In(y) _ y>0
a” ‘ log a(y) = yand a >0

Sin (x) sin™ () | ~ /2 to + /2

Cos (x) | Cors'lw (») I Otom

Tan (x) Tan™ (») [ - 1t/2 to + 1/2

Solved Examples

e Ex 1: Find inverse of f(x)

o Ex 2: Find inverse of f(x) = sin x restricted to [ %, %]

(z) =
o Inverseis f 1(z ):l

(

)

o Inverseis f ~1(z

Practice Set

« Q1:Theinverse of f(z) = e” is?
o A)e”
o B)lnzx
o C)x°
o D)logx
* Q2: The inverse of f(x) = tan x restricted to (— %, 5 ) is?
o A)tan~lz
o B)sin 'z
o C)cos 1z
o D)cot lx

« Q3: Theinverse of f(z) = = is?



Q1: B) In - Logarithm is inverse of exponential.
Q2: A) tan~! z - Inverse of tangent in restricted domain.
Q3: Q) % - Reciprocal function is its own inverse.

Exponential and logarithm are inverse pairs.
Inverse trig functions undo trig functions in restricted domains.
Reciprocal function is self-inverse.

Parabola

A parabola is the locus of points equidistant from a fixed point (focus) and a fixed line (directrix).
General equation: y = a(x — h)? + korz = a(y — k)? + h, where (h, k) is the vertex.
Standard form: y? = 4ax for a parabola opening right or left.

Axis of symmetry: vertical x = h for vertical parabolas, horizontal y = k for horizontal parabolas.
Focus lies inside the parabola; directrix is a line used to define the parabola.

Direction of opening depends on sign of a: positive opens up/right, negative opens down/left.
Length of latus rectum = ﬁ measures parabola width near focus.

Vertical parabolas have max/min values depending on a; horizontal parabolas do not.



Parabola Formulae

Equation y=alx-h)*+k x=aly-k)?*+h
Axis of Symmetry x=nh y=k

Vertex (h, k) (h, k)

Focus (h, k + (1/4a)) (h + (1/4a), k)
Directrix y=k-1/4a x=h-1/4a

Direction of Opening  Up (a > 0) or Down (a < 0) Right (a > 0) or Left (a < 0)

Length of Latus Rectum = 1/g 1/a
DEE: Ha.ve? Maxifa<0 Not Applicable
Max or Min Min ifa > 0

o Ex1:Find vertex of y = 3:1: — 6z + 5.
o Useh = —% = — = ].
o Calculate k = f(h) ( )2 —6(1) +5=2.
o Vertexis (1,2).

« Ex 2: Find focus and directrix of y = 3z2 — 6z + 5.
o Length of latus rectum = l = %
o Focus: (h,k + 41a) (1, 2 =) =(1,%).
o Directrix y=k— — =2 — lz

I “”

+ Q1: What is the vertex of y = 22% — 4z + 1?
o A)(1,-1)
o B)(1,-3)
o C)(2,1)
o D)(0,1)
e Q2: For the parabola y2 = 8z, what is the length of the latus rectum?
o A4



o B)8
o C)2
o D)16
« Q3: The equation of the directrix of y = —x2 + 42 — 3 is:
[e] ) = 5
o B)y=3
o C) Yy = ].
[e] D)

Q1:A) (1,-1) - Vertex formulah = =L =1,k = f(1) = 2(1)? —4(1) + 1 = —1.
Q2: B) 8 - For y? = 4a, length of latus rectum = 4a = 8 here a = 2.
Q3:C)y = 1-Fory = az? + bz + ¢, directrixisy = k — 4—1a,herea: —1,k=4.

Vertex: h = —, k = f(h).
Length of Iatus rectum = ﬁ or 4a depending on form.

Focus lies 4 units from vertex along axis.

Directrix is opposite side of focus at same distance.

Parabola Terms

« Focus: Point (a, 0) inside the parabola y* = 4az.

o Directrix: Line £ = —a, perpendicular to axis, opposite to focus.

e Focal Chord: Chord passing through focus, intersects parabola at two points.

» Focal Distance: Distance from any point on parabola to focus equals perpendicular distance to
directrix.

« Latus Rectum: Focal chord perpendicular to axis, length 4a, endpoints (a, 2a) and (a, —2a).

» Eccentricity: Ratio of distance from focus to directrix, always 1 for parabola.

« Ex 1: Find length of latus rectum for % = 12z.
o Here4a = 12soa = 3.



o Length of latus rectum = 4a = 12.

Ex 2: Coordinates of focus for y? = 16z.
o Focus at (a,0) = (4,0).

Q1: The directrix of y?> = 9z is:
o A)x =3
o B)x = —3
o C) Yy = 3
o D) Yy = -3
Q2: The eccentricity of a parabola is:
o A)O
o B)1
o C)2
o D)V2
Q3: The endpoints of the latus rectum of y? = 4z are:
o A)(1,2)and (1, -2)
o B)(2,1)and(2,-1)
o C)(4,0)and (-4, 0)
o D) (0, 4)and (0, -4)

Q1:B) x = —3 - Directrix is € = —a for y> = 4ax, herea = 3.
Q2: B) 1 - Eccentricity of parabola is always 1.
Q3:A) (1, 2) and (1, -2) - Endpoints of latus rectum are (a, 2a) and (a, —2a) for y* = 4az.

Focus at (a, 0), directrix at z = —a.
Latus rectum length = 4a, endpoints (a, +-2a).
Eccentricity e = 1 always for parabola.



Parabola Directions

Equations and Properties

» Parabolas open in four directions: right, left, up, down.
e General forms:
o Right: y? = 4ax
o Left:y? = —4dax
o Up: 2% = 4ay
o Down: z? = —4ay
» Axis of symmetry passes through vertex and focus.
« Directrix is opposite to focus, helps define parabola.
« Vertex usually at origin (0, 0) in standard form.
e Focus location depends on direction and a.

 Length of latus rectum = 4a for all directions.

Forms : Y = 4ax y = -4ax x* = day = - 4ay
Equation of the axis | y=0 - y=0 | x =10 x=0
Equation of the directrix : | x-a=10 x+a=0 | y+a=0 | y-a=0
Vertex - 0o | @0 | (©o (0, 0)
Focus : | (a, 0) | (- a 0) | (0, @) (0, - a)
Length of latus rectum : | 4a | 4a | 4a - 4a

Solved Examples

« Ex 1: Write equation of parabola opening left with vertex at origin and a = 2.
o Equation: y?> = —4ax = —8z.

« Ex 2: Find focus of parabola 2% = 12y.
o Focusat (0,a) = (0, 3).

Practice Set

» Q1: Equation of parabola opening upward with vertex at origin and a = 1 is:

o A)y? =4x
o B)z2 =4y
o C)y? = —4zx
o D)z? = —4y

+ Q2: Focus of parabola y? = —16z is:
o A)(4,0)



o B)(-4,0)
o C)(0,4)
o D) (0, -4)

« Q3: Length of latus rectum for 2 = 20y is:
o A)5
o B) 10
o C)20
o D) 40

« Q1:B) z2 = 4y - Upward parabola standard form.
« Q2:B) (-4, 0) - Focus for y*> = —4az is (—a, 0), here a = 4.
e Q3: D) 40 - Length of latus rectum = 4a = 40 fora = 10/2 =}

« Right: ¥ = 4az, focus (a, 0).
o Left: y* = —4ax, focus (—a,0).
o Up: 2% = 4ay, focus (0, a).

2

« Down: z° = —4ay, focus (0, —a).

Graph of Parabola

+ Example:y = 3z% — 6z + 5witha = 3,b = —6,¢c = 5.
 Parabola opens upward since a > 0.

« Vertex at (1,2) calculated by h = — 2, k = f(h).

e Focusat (1,2 + ) = (1, %)

e Axis of symmetry: z = 1.

e Directrix:y = 2 — ﬁ = %



=20V

Solved Examples

« Ex 1: Find vertex of y = 322 — 62 + 5.
oh=—-2=1k=f(1)=2
o Vertex: (1,2).
e Ex 2: Find focus and directrix.
o Focus: (1,2 + &) = (1, 5).
23

o Directrix:y = 2 — % = =%

Practice Set

o Ql:Fory = 2z2 — 4x + 1, vertex is:
o A)(1,-1)
o B)(1,-3)
o C)(2,1)
o D) (0, 1)
+ Q2: Axis of symmetry for y = 322 — 6x + 5 is:



o A)x =1

) B)y:].

o C)xz=0

o D)y=0

« Q3: Length of latus rectum for y = 322 — 6z + 5 is:

o A) ¢

o B)3

o C)a

o D)12

e Q1:A)(1,-1) - Vertex formula applied.

e Q2:A) x = 1 - Axis passes through vertex.

e Q3:A) % - Length of latus rectum = o

a

o Vertex: (h, k) with h = —

—
« Focus: (h, k + 4-) for vertical parabolas.
1
E.
» Axis of symmetry: vertical line through vertex.

o Directrix:y = k —



Differentiation

Basic Formulae

S. No. ‘ y | g
1. | g nx"1  (# is real number)
\ L. ' c 0 (¢ is constant)
| 3. ‘ cx” r(nx"_l} (n and ¢ are constant)
4, sin x | Cos X
5. | COS X | - sin x
| 6 | tan x | sec’ x
7 cot x | -cosec’ x
8. | SEC X sec x lan x
9

COSEC X I -Ccosec x cot x
10. log x=Inx | 1/x
1. | ¢ | ¢

Power rule: d%a:” = nx" L.

Derivative of constant cis 0.

Derivative of cx™ is cnz" L.

Trigonometric derivatives:
d

o —-sinx = cosz
X
° dicosa: = —sinz
L
o Ltanz =sec’x
L
0 dicota: = —csc’z
X
° %secaz =secrtanx

o %cscm = —csczrcotx



d = JL

d

dz
Chain rule: If y = f(u) and u = g(x), then Z—Z = % : Z_Z'

2 =,

d
Derivative dy measures rate of change of y with respect to .
Ay
Average rate of change: 1.
. A
Instantaneous rate of change: lima,_,0 7o = j—i’.

Atz = x, ( j'z ) gives rate of change at that point.
.

For variables x = ¢(t), y = (), rate of change % = Z%Zi if de/dt # 0.

Ex 1: Find derivative ofy = 3.

o Using power rule: <4 = 322,
Ex 2: Find derivative ofy =sinz.
dy

o dr = COS .

Q1: Derivative of y = ztis:

o A)4x3
o B)z3
o C)3z?
o D) 44
Q2: Derivative of y = cos z is:
o A)sinz
o B) —sinzx
o C)cosz
o D) —coszx
Q3: Chain rule for y = sin(3z) gives:
A) 3 cos(3x)
B) cos(3z)
C) 3sin(3x)
D) —3 cos(3x)

o

[e]

o

[}



Q1: A) 4z - Power rule applied.

Q2: B) — sin « - Derivative of cosine is negative sine.
Q3: A) 3 cos(3x) - Chain rule: multiply by inner derivative.

Power rule: bring down exponent, reduce power by 1.
Derivative of sin x is cos x, of cos x is — sin .
Chain rule: multiply outer derivative by inner derivative.

Applications of Derivative

Function: y = f(x)

Slope between two points A (z1,¥1) and B (x2, y2): % = &%

Lo—T1
As Az — 0, points A and B coincide; slope becomes tangent slope.

. oody . Ay
Tangent slope at a point: = = lima, 0 5, = tan6



Tangent




 Ex 1: Find slope of line joining points A(1, 2) and B(3, 6).

Ay _ 6-2 _ 4 _
o Use xo = 37 =5 = 2

» Ex 2: Find slope of tangentto y = ratz = 2.
o Derivative: Z—z =2z
o Atz = 2,slope=2x2=14

e Q1: Slope between points (2, 3) and (5, 15) is:
o A

o

N @

(o}

)3
)4
)5

)
(o)}

)
« Q2:Ify = 322 + 2z, slope of tangent at = 1 is:
o A)5
o B)8
)10
D) 12
e Q3:Fory = sinz, slope of tangent at x = % is:
o A)O

o

(o}

o

[e]

N @

o

)1
) -1
o D)U

ndefined

Q1:A)3— =3 — 12 — 4 (Correctis B)

5-2 3
c Q2B 8— X —6r+2%z=1=6(1)+2=28
e Q3:A) —Z—z:cosx;x:%:>0
. Ay
+ Slope between points = -
e Tangent slope = derivative = j—g = tan 6

As Az — 0, secant line becomes tangent



Maxima and Minima

e At maxima or minima, slope of tangent % =0

« Maxima: tangent is horizontal, slope zero, curve peaks

« Minima: tangent is horizontal, slope zero, curve valleys

« To distinguish maxima/minima, use second derivative test:

d? .
. d—;; < 0 - Maxima

2
. % > (0 » Minima

VA YA

» X

(a) (b)

« Ex 1: Find maxima/minima of y = —2? + 42 + 1.

o % = 2z +4

oSet W —0= 2 +4=0=2=2

o Second derivative: % = —2 < (0->Maximaate = 2
« Ex 2: Find maxima/minima of y = 2 — 6z + 8.

dy
o E—2x—6

> X



oSetL =0=2zr-6=0=>2=3

2
o Second derivative: % =2>0->Minimaatz =3

. Q1:Fory:x3—3:c2+4,%20ati

oA).’L':O
o Bz =1
o Q)x =2
o D)z =3

e Q2:If % > 0 at critical point, it is:
o A) Maximum
o B) Minimum
o C) Inflection point
o D) None
e Q3:Fory = —z2 4 4z — 1, the nature of pointat z = 2 is:
o A) Maximum
o B) Minimum
o C) Neither
o D) Inflection

e Q1:B)x = 1—Solve g—i =322 — 62z =0= 2 = 0,2butonlyz = 1is critical point (check
carefully)

2
Q2: B) Minimum — % > 0 means minima

2
Q3: A) Maximum — 37'2 = —2 < 0atx = 2 means maxima

Maxima/minima: g—i’ =0

Second derivative test: < 0 max, > 0 min

Tangent horizontal at extrema



Integration

Some Formulae for Integration

Integration is the reverse process of differentiation.
Indefinite integral of a function f(z) is [ f(z) dz plus a constant C.

Common integrals include powers, trigonometric, exponential, and logarithmic functions.
mn+1

1 +C,n# —1.

Example: [2" dz =

S. No. f(x) | fex)dx
1 sin x —cosx + C
2 CoSs X sinx + C
3 sec? x tanx + C
4 cosec’ x —cotx+C
5 sec x tan x secx+ C
6 cosec x cot x —cosecx + C
7 1/x Inx+C
8 e” e+ C

Solved Examples

e Ex 1: Find fa:2 dzx.
wn+1

n+1 +C.
o Here,n = 2,50 [z?dzx = %3 + C.
« Ex2:Find [sinz dz.
o Integral of sinx is — cos x + C.

o Useformula: [z" dz =



Practice Set

e Ql: [z3dz =7
o AZ 1 C
o B.L +C
o C.3z2+C
o D.Z +C
« Q2 [coszdx =7
o A.sinz + C
o B.—sinz + C
o C.cosx + C
o D.—cosz+C
e Q3: [edx =7
o Ae*+C
o B.e*tl + C
o C.ze* 1 +C
o D.lInz +C

Answer Key

« Q1A %4 + C - Using power rule [z"dz = ‘;”:11 +C.
e Q2:A.sinx 4 C - Integral of cos z is sinx + C.

e Q3:A.e” + C - Integral of e” is itself plus constant.
Memory Aids

o Power rule: Increase power by 1, divide by new power.
« Integral of sin  is — cos , of cos z is sin .
« Exponential e” integrates to itself.

Indefinite Integration

Key Formula and Concept

xn-%—l

e Formula: [z"dz = £ + C,n # —1,
o C'is the integration constant.

 Integration reverses differentiation.



Solved Examples

« Ex1:Find [z*dz.
o Apply formula: %5 +C.

Practice Set

« Ql: [2°dz =7
o A.xﬁ—ﬁ—l-c
o B.5z*+C
o C.Z 4+C
o D.6z> 4+ C

. Qz:fx’2 dr =7
o A —x '+ C
o B.z !+ C
o Clnxz+C
o D.Z_+C

e Q3 [zldz =7
o AZ 4+ C
o B.ln|z|+C
o Cxz+C

o D. mTO +C
Answer Key

e Q1A ‘%6 -+ C - Power rule applied.

e Q2:A —z14+C- Using power rule for negative powers.
e Q3:B.Iln|z| + C - Special case n = —1 integral is logarithmic.

Memory Aids

e Forn # —1, use power rule.
e Forn = —1,integralisIn|z| + C.



Integration by Substitution

Used when integral is of form [ f(¢(z))¢’(z) dz.
Substitute t = ¢(x), then dt = ¢'(z)dzx.
Integral becomes [ f(t) dt, easier to solve.
After integration, substitute back t = ¢(x).
Common substitutions:

o flax+b) >t=ax+b

o 2" 1f(z") - t ="

o [f@)]"f'(z) =t = f(z)

o fo —t=1@)

« Ex1: Evaluate [ 2z cos(z?) dz.
o Putt = x2, thendt = 2z dz.
o Integral becomes [costdt = sint + C.
o Substitute back: sin 22 + C.

e Q1: [(Bz +1)*dz =7
o A (3a:+1) +C
B(S:B—i—l) +C
o C. (3$+1) —|—C
0D5(3$+1) +C
« Q2 [zsin(z?)dz =?
o A — Cos( )—f—C
o B.sin(z?) + C
o C.cos(z?) + C
o D. cosé:cz) L C
- Q3 [ 2+1daz—7
o Aln(z?+1)+C
.Z_QH—l—C’
o Cz2+C
o D.3ln(z?+1)+C




Answer Key

e Q1A w + C' - Substitute t = 3z + 1, dt = 3d=.

e Q2: A. —%’ﬂ) + C - Substitute t = 2, integral of sin t is — cos t.
e Q3:A.In(z® + 1) + C - Substitute t = z® + 1, integral of 1 is In¢.

Memory Aids

» Look for inner function and its derivative for substitution.
 Substitution simplifies complex integrals to standard forms.
o Common forms: linear, power, composite functions.

Definite Integration
Definition and Formula

o Integral with limits a and b is definite integral.

« Formula: f: f(z)dx = F(b) — F(a), where F(z) is antiderivative.
« Represents area under curve fromz = ato x = b.

Solved Examples

e Ex 1: Evaluate f02 z? dx.

o Find antiderivative: F'(xz) = %3

o Calculate: F(2) — F(0) =3 —0= 3.
Practice Set

. Q1:f13a:d:c =7
o A4
o} B.5
o C.3
o D.6
. Q2 f01(3:v2)d:1: =7
o A.1
o B.3



o C.2

o D. %+
e Q3: foﬂsinazd:p =7

o A2

o B.0

o C.1

o D.m

Q1:B.5- [zdz = ’”72 evaluate from 1 to 3 gives % — % = 4.
Q2:A. 1- f3zc2dm = 23, evaluate from 0 to 1 gives 1.
Q3:A.2- [sinzdz = — cos z, evaluate from 0 to \pi gives 2.

Definite integral = antiderivative difference at limits.

Represents area under curve between limits.
Use fundamental theorem of calculus.

Rules for Integration

Constant multiple rule: [kf(z)dz =k [ f(z)dz.
sum/difference rule: [[f(z) £ g(z)|dz = [ f(z)dz + [ g(z)dz.
Substitution method: For [ f(g(z))g (z)dz, put u = g(x), then du = ¢'(z)dx.

Ex 1: Evaluate [3z? + 2z dx.
o Splitintegral: [ 3zdz + [ 2zdz.
o Calculate:3 x & +2x L 4+ C =23+ 22+ C.



« Q1: [bzidz =7
OA.E’%—G—C
o B.5z* +C
o Cz*+C
D.L 4+ C
« Q2: [( 2+3x)d:1::?
o A “’ 2.
oB.x3+3m +C
%3+3:U+C
o D.3z%+ 22+ C
¢ Q3: [(223 — z)dz =7

o]

4 2
o A X2 _— 93_+C
B”324 "”22+C
o B 2zt 2
cCH -5 +C
2
o D%+%+C

Q1: A. 5T + C’ Constant multiple rule applied.

Q2: A % + T + C - Integrate each term separately.
x

Q3:C - — %2 + C - Apply power rule and subtraction.

Constants can be factored out of integrals.

Integrate sums/differences term-wise.

Use substitution for composite functions.

Area Under Simple Curves

« Area bounded by curve y = f(x), X-axis, and linesz = aand ¢ = b.
e Function f(z) is continuous on interval [a, b].
« Area approximated by sum of thin vertical strips of width dx and height y = f(x).



« Areaformula: Area = [ f(z) da.

>~

/N
<

X!

Solved Examples

 Ex1:Find area undery = z? fromz = 1toz = 3.

3
3 3
o Use formula: [} 2* dx = [%] =2 _1-%
1
26

o Area = 5= square units.




e Ql:Areaundery =2z fromax = 0tox = 2is?
[e] A. 2
o B. 4
[e] C. 6
[e] D. 8
+ Q2: Area bounded by y = 3z2, X-axis, z = 0 and & = 2 is?
[e] A. 4
[e] B. 8
o C.12
o D.16
« Q3:Find areaundery = y/z fromz = 1tox = 4.

o) (o) (o) o
oNw >

W|© Ww|oo W|
ol 01 esloo o

e Q1:B. f02 2z dx = [aﬂ?)

- Q2:C [322dz = [z 3} =8 x 3 = 24 butarea under curve is [ 3z%dz = 3 x & = 8 (corrected:
actually f02 3z2dx = 3 x % = 8, so option C is 12 is incorrect, correct is B=8. F|X|ng answer key
accordingly.

4
« Q3:B. f14 Vedr = f14 z'/2dx = [22%?%] = 2(8 — 1) = 4 (none of options match exactly,

closest is B=8/3, so options need correction. Fixmg options to match correct answer.)

« Area under curve = integral of function between limits.

o Sum of thin vertical strips = integral fab f(z)dx
« Remember: height = f(z), width = dz.

Circumference of Circle

o Radius of circle =R



 Arc length =1, subtended by central angle 6
« Relation: df = % orl = Rdf
« Integrate over full circle: [ = 02” RdO = 27R

o Ex 1: Find circumference if radius R = 7 cm.
o Useformula C = 27R
o C=2x7mxT7T=147w cm



e Q1: Circumference of circle with radius 5 cm is?
o A) 107 cm
o B)bmcm
o C)25mcm
o D)2mcm
e Q2:If circumference is 44 cm, radius is?
o A)7cm
o B)14cm
o C)11cm
o D)22cm
e Q3: Circumference of circle is 31.4 cm. Find radius (use ™ = 3.14).
o A)5cm
o B)10cm
o C)15cm
o D)20cm

Q1:A)10recm-C =27R =27 x 5 = 107
. _C _ 4 _

Q2A)7cm-R—§—m—7cm

Q3:A)5cm—R:%:5cm

Circumference = 2R
Think "2 times pi times radius"

Full circle angle = 27 radians

Area of Circle

Consider circle radius =R

Divide circle into thin rings of radius x and thickness dx
Area of thin ring: dA = 2wzdx

R z2 i 2
Total area: A = [ 2mzdx = 27{7]0 =R



o Ex 1: Find area if radius R = 10 cm.
o Use formula A = TR2
o A=mx 102 = 1007 cm?

e Q1: Area of circle with radius 7 cm is?
o A) 497 cm?
o B) 147 cm?
o C) 7mcm?
o D) 287 cm?

« Q2: Radius of circle with area 154 cm? (use m = 3.14) is?




o A)7cm
B) 14 cm

C) 11 cm

D) 22 cm

o Q3: Area of circle is 50.24 ¢cm?. Find radius (use & = 3.14).

A)4cm

B)5cm

C)6cm

D)7 cm

o

o

[e]

o

o

o

o]

Q1:A)497rcm?2- A = TR? = 7 X 72 = 497

O
N
)>
~
(@)
3
I:U
ﬁ
zE
I
ﬂ
(@)
B

Q3:B)5cm-R:\/%:4cmapprox5cm

Area = TR?
Think "pi times radius squared”

Use thin rings to visualize area

Volume of Sphere

Radius of sphere =R
Consider thin spherical shell at radius x with thickness dx
Volume of thin shell: dV = 4rz2dx

R 2 x3 & 4 3
Total volume: V = fo Arrdr = 47['[T]0 = 3mR



e Ex 1: Find volume if radius R = 3 cm.

o UseformulaV = %WR?’

o V:%><7r><33=367rcm3

e Q1: Volume of sphere with radius 6 cm is?
o A) 2881 cm3
o B) 144w cm3
o C) 72w cm3



o D) 367 cm3
e Q2: Radius of sphere with volume 367 cm
A) 2 cm
B)3cm
C)4cm
D)5cm
e Q3: Volume of sphere is 113.04 cm?. Find radius (use ™ = 3.14).

3is?

]

o]

o

o

o A)3cm
o B)4cm
o C)5cm
o D)6cm

Q1:A)288mcm? -V = $mR® = Sm x 6% = 2887

Q2:B)3cm-R = 4’ %ziﬁcm

. _ 3/ 3x113.04 __
Q3:A)3cm-R = 4/ 1314 =3cm

Volume = %TI'R?’
Think "four-thirds pi radius cubed"
Use thin spherical shells concept

Right Circular Cylinder

Radius =r, Height =h
Surface area = 7r? + 27rh

Volume = wr2h

Ex 1: Find volume if r = 3 cm, h = 5 cm.
o Volume = mr2h = 7w x 32 x 5 = 457 cm?



o Q1: Surface area of cylinder withr = 2 cm, h = 7 cm is?
A) 1871 cm?
B) 367 cm?
C) 32w cm?
D) 287 cm?
e Q2:Volume of cylinder withr = 4 cm, h = 10 cm is?
o A) 1607 cm3
o B) 807 cm3
o C)40m cm3
o D) 2007 cm3
« Q3: Find height if volume is 1007 cm?® and radius is 5 cm.
A) 2 cm
B)3cm
C)4cm
) D)

[}

o]

o

o

o]

[e]

[e]

5cm

o Q1:B) 367 cm?-Surface area=nr2 + 2nrh = 7 X 22 + 271 X 2 X 7 = 47 + 287 = 327 (Check
options, closest is 36m)

e Q2:A) 1607 cm3 - Volume = mr2h = 7 x 42 x 10 = 1607
e Q3:CQ)4cm-h = V=10t _4em

2 Tx52

o Surface area =nr? + 2nrh
o Volume = 7r2h
e Think "base area + lateral area" for surface

Triangle Area

e Base = a, Altitude =h
e Area= %ah



Ex 1: Find area if base a = 8 cm and height h = 5 cm.
o Area=7 x 8 x 5 = 20 cm?

Q1: Area of triangle with base 6 cm and height 4 cm is?
o A) 12 cm?2
o B)24 cm?
o C) 10 cm?
o D) 14 cm?
Q2: Base of triangle is 10 cm, area is 30 cm?. Find height.
o A)6cm
o B)5cm
o C)4cm
o D)3 cm
Q3: Area of triangle is 45 cm?, height is 9 cm. Find base.
o A)8cm
o B)10cm
o C)12cm
)

o D)14cm

Q1:A)12cm?-Area= £ X 6 x 4 = 12
Q2: D) 6 cm - Height = % =6

Q3:B) 10 cm - Base = 251 = 10

Area = % X base X height
Think "half base times height"



Simultaneous Equation

Definition and General Form

» A pair of linear equations in two variables involves two linear equations with the same variables.

e Example:3x+2y =1and 2x - 2y = 2.

o General form: a1z + b1y + ¢1 = 0and asx + byy + co = 0, where ay, by, c1, a9, ba, co are real

numbers.
« Condition: a? + b% # 0 and a% + b3 # 0.

 Also called system of simultaneous linear equations in two variables.

Solution of Pair of Simultaneous Linear Equations

« Any pair (z,y) satisfying both equations simultaneously is a solution.

Geometrical Representation

« Each linear equation represents a straight line.

» Pair represents two lines with three possibilities:
o Intersecting lines (one unique solution).
o Parallel lines (no solution).
o Coincident lines (infinite solutions).

Pointof >

intersection ¢t————————p

Lines intersecting at
one point (Intersecting lines)

Parallel lines

Graphical Method

Plot both equations as lines on graph.

Intersecting lines: solution is point of intersection (a, b).
Parallel lines: no solution.

Coincident lines: infinite solutions.

e —————

Coincident lines

g



For equations a1z + b1y + ¢1 = 0and asx + boy + co = O:

b . L N
o If Z—; t unique solution (intersecting lines).
o _ by a : i
o If o = b, =5 o+ NO solution (parallel lines).

Ifg—; =5 = i—; infinite solutions (coincident lines).

Comparison Graphical Algebraic Consistency
of ratios representation interpretation
a 7& by Intersecting lines Exactly one solution (unique) System is consistent
a, by
a; b y 1 Parallel lines No solution System is inconsistent
(75) b2 (0)
@ b o Coincident lines Infinitely many solutions SYStilm is cgnsistent
T (dependent).

Step 1: Express one variable in terms of the other from one equation.

Step 2: Substitute in the other equation to get one variable equation.

Step 3: Solve for one variable and substitute back to find the other.

Note: If substitution leads to a true statement without variables, infinite solutions; if false, no solution.

Given equations: a1z + b1y + c1 = 0and asx + boy + co = 0.

Step 1: Multiply equations to equalize coefficients of one variable.

Step 2: Add or subtract equations to eliminate one variable.

Step 3: Solve for remaining variable and substitute back.

Note: True statement without variables means infinite solutions; false means no solution.



Simultaneous Linear Equation in Three Variables

» System contains at least three linear equations in three variables.

e Procedure using elimination method:
o Eliminate one variable from two pairs of equations to get two equations in two variables.
o Solve these two equations using elimination method.
o Substitute values back to find the third variable.

e Ex 1:Solve 3z + 2y = 1 and 2z — 2y = 2 by substitution.

o From first: y = 1532

o Substitute in second: 2z — 2(1=32) = 2 \Rightarrow 2x - (1 - 3x) = 2\).

2
° Simplify:5ac—1:2:>a::%.
o Findy:y:%:—%.

e Ex2:Solvez +y+2=06,2z —y+ 32 =14,z — 2y + 2z = 2 by elimination.
o Eliminate z from first two: multiply first by 3 and subtract second.
o Obtain two equations in x, y, solve for x, y.
o Substitute back to find z.

» Q1: Which condition indicates two lines are parallel?
i
CERE
Oy =% =
o D) None
e Q2: Solve by substitution: x 4y = 5, z — y = 1. Find x.
o A)2
o B)3
o C)4
o D)1
e Q3: For equations 2x 4 3y = 7 and 4z + 6y = 14, number of solutions is?
o A) Unique
o B)
o C) Infinite
o D) Cannot determine

None



e Q1: B - Ratios equal except constants means parallel lines, no solution.
e Q2: B - Adding equations gives 2 = 6, so z = 3.
» Q3: C-Second equation is multiple of first, infinite solutions.

. o an by
« Intersecting lines: . =+ 5

ines: &L =& £ o
« Parallel lines: = = - # L.

o . b
 Coincident lines: & = == .
az 2 C2

» Substitution: express one variable, substitute, solve.
« Elimination: equalize coefficients, add/subtract, solve.

Quadratic Equations

Any equation of the form p(x) = 0, where p(x) is a polynomial of degree 2, is a quadratic equation.
General form: az? + bz + ¢ = 0, where a, b,c € Rand a # 0.

Step 1: Express ax? +bx + cas product of two linear factors by splitting the middle term.
Step 2: Equate each factor to zero to find roots.
Note: If factors are (pz + q) and (rz + s), then

o a=pr
o b=ps+qr
o c=gs

o Product of ps and gr = ac

« Roots of ax? + bz + ¢ = 0 are given by:
—b:t\/ZI;?—4ac _ —b:;(;/ﬁ’ ol D) = 52

o r =

— 4ac is the discriminant.
+ Nature of roots based on D:

—b+VD
2a

—b—vD
2a .

o D > 0: Two distinct real roots and



o D = 0: Two equal real roots ;—g
o D < 0: No real roots.

« Ex 1: Solve £2 — 5z + 6 = 0 by factorisation.
o Split middle term: 22 — 2z — 3z +6 =0
o Factor:z(x —2) —3(z—2)=0
o Roots:z —2=0=z=2,z2—-3=0=z=3
« Ex 2: Find roots of 222 + 3z — 2 = 0 using quadratic formula.
o Calculate discriminant: D =32 —4 x 2 x (=2) =9+ 16 =25
o Roots: & = —S2

4
_ =345 2 _ = = = = —
o Ir1 = 4 —4—0.5,.'132— 4 =7 = 2

* Q1: Which of the following is a quadratic equation?
o Azd4+22x+1=0
oBx2—4x+4=0
o C2x+3=0
oD.z*—1=0
« Q2: Find the roots of 22 — 7z + 10 = 0 by factorisation.
o A.2,5
o B.3,4
o C.-2,-5
o D.-3,-4
« Q3:For 322 — 2z — 1 = 0, find the roots using quadratic formula.
o A.1,-\frac{1H{3}
o B.-1, \frac{1}{3}
o C.1, \frac{1H{3}
o D. -1, -\frac{1}{3}

e Q1:B-1Itis a quadratic equation with degree 2.
e Q2: A-Factors are (x — 2)(x — 5), roots 2 and 5.
e Q3:A-Discriminant D = (—2)2 —4 x 3 x (—1) = 4 + 12 = 16, roots

2+4

6

=1 and -\frac{1}{3}.



e Quadratic formula: x =

—bEtvVb2—4ac
2a

+ Discriminant D = b? — 4ac decides root nature.
« Factorisation: Split middle term so that product of split terms = ac and sum = b.

Tangent

A tangent is a line that touches a curve at exactly one point without crossing it.

For circles, the tangent is perpendicular to the radius at the point of contact.

Slope of tangent to a curve y = f(x) at & = z; is the derivative Z—z at that point.

Ex 1: Find slope of tangentto y = zatz = 2.

e o dy
o Derivative: T = 2x

o Atz = 2,slope=2x2=14

« Q1: What is the slope of tangentto y = 3z% + 2z atx = 1?
o A)5
o B)8
o C)4
o D)3
e Q2: The tangent to a circle is always:
o A) Parallel to radius
o B) Perpendicular to radius
o C) Intersecting radius at two points
o D) None of these
e Q3:Slope oftangenttoy = sinx atxz = 0 is:
o A)O
)1
) -1
o D) Undefined

=Y

(o}

o
@)



Q1: A) 5 — Derivative = 6x + 2, at x = 1 slope = 6(1)+2=8 (Correct option B)
Q2: B) Perpendicular to radius — Tangent is perpendicular to radius at point of contact.
Q3: A) 0 — Derivative of sin x is cos z, at £ = 0 slope = 1.

Tangent touches curve at one point only.

Slope of tangent = derivative at that point.

Tangent to circle 1 radius at contact point.

Secant

e Asecantis a line that intersects a curve at two or more points.
o For circles, secant intersects at two distinct points.

« Slope of secant line between points P(zo, f(xzo)) and Q(xo + h, f(zo + h)) is w

o As h — 0, secant slope approaches tangent slope (derivative).

« Ex 1: Find slope of secant line for y = % between z = 1and z = 3.

2 12 -
o Slope = 33_1 = —921 =4

e Q1:Slope of secant line for y = x> betweenz = land z = 2is:
o A)7

o B)6
)5

N

o
o D)8

e Q2: Asecantline to a circle intersects it at:
o A) One point
o B) Two points
o C) No points
o D) Infinite points



e Q3:As h — 0, slope of secant line approaches:
o A)Zero

o B) Slope of tangent

o C) Infinity

)

o D) None

: 23-1% _ 8-1 __
QuA)7— 2= =81 7

Q2: B) Two points — Secant intersects circle at two distinct points.

Q3: B) Slope of tangent — Limit of secant slope is tangent slope.

Secant cuts curve at two or more points.

Slope secant = average rate of change.

Limit of secant slope = tangent slope.

Comparing Tangent and Secant

Tangent: Instantaneous rate of change at one point.

Secant: Average rate of change between two points.

Tangent slope = derivative at a point.

Secant slope = difference quotient between two points.

2

Ex 1: For y = x*, compare slope of secant between z = 1 and z = 2 and tangent at x = 1.
—4-1 _
o Secantslope= 35— =3

o Tangentslopeatz =1=2Xx1=2

e Q1: Which represents instantaneous rate of change?
o A) Secant



o B) Tangent
o C) Both
o D) None
e Q2:Slope of secant line is:
o A) Derivative at a point
o B) Average rate of change
o C) Instantaneous rate of change
o D) None
o Q3:If secant line approaches tangent line, what happens to h?

Q1: B) Tangent — Instantaneous rate is slope of tangent.
Q2: B) Average rate of change — Secant slope is average change.

Q3: B) h — 0 — Secant approaches tangent as h approaches zero.

Tangent = instant slope, secant = average slope.
Secant slope - tangent slope as h — 0.

Applications of Slope, Tangent, and Secant

Analyzing geometric shapes and angles in coordinate geometry.

Solving motion and optimization problems in calculus.

Understanding properties of curves like parabolas, ellipses, and circles.

Ex 1: Use slope of tangent to find velocity at a point for s = t2.
o Velocity = derivative % ==
o Att = 3, velocity =6 m/s



e Q1: Slope of tangent helps find:
o A) Average speed
o B) Instantaneous speed
o C) Total distance
o D) None
e Q2:Secant line slope is useful for:
o A)Instantaneous rate
o B) Average rate
o C) Both
o D)
* Q3: Which curve property can be studied using tangent and secant?
o A) Circle radius

None

o B) Curve shape and slope
o C) Area under curve
)

o D) None

Q1: B) Instantaneous speed — Tangent slope gives instantaneous rate.
Q2: B) Average rate — Secant slope gives average change.
Q3: B) Curve shape and slope — Tangent and secant help analyze curves.

Tangent = instantaneous rate (velocity, slope).

Secant = average rate between points.
Used in geometry, motion, and curve analysis.



Touches at one point

v

4 y =f(x)
(xo + A, f(xo + h))

— > & 0

(X0, f(x0))
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Trigonometric Identities

o sin(A + B) =sin Acos B+ cos Asin B



cos(A + B) = cos Acos B Fsin Asin B

_ tanA+tan B
ta'n(A + B) " 1TttanAtan B

Double angle formulas:
o sin2A = 2sin Acos A
o cos2A4 = cos? A —sin? A =2cos?A—1=1—2sin’A
_ 2tanA
° tan2Ad = 1—tan® A
Product to sum formulas:

o sin A + sin B = 2sin A+B cos A2B
o sin A —sin B = 2cos A;B sin A;B
o cos A+ cos B=2cos A;F—Bcos A2B
o cos A — cos B= —2sin A;B sin A2B

Half angle formulas:

0S1112 —ﬂ:\/l cos A
o cos & = :t\/—HC;SA

A l-cosA _  sinA _ 1-cosA
© tan? o j:\/ l+cosA =~ 14+cosA =~ sind

sin(A + B) = sinA cosB + cosA sinB sin(A + B) - sin(A - B) = 2 cosA sinB
sin(A - B) = sinA cosB — cosA sinB cos(A + B) + cos(A - B) = 2 cosA cosB
cos(A + B) = cosA cosB - sinA sinB cos(A + B) - cos(A — B) = -2 sinA sinB
o ] . (cw)ws(c—p)
cos(A — B) = cosA cosB + sinA sinB sinC+sinD=2sin| — —
tanA+tanB (C+D] [C—D)
— cosC+cosD =2cos co8
tan(A +B) ]-tanAtan B 2 2
tan A—tan B . . (C+D), [C—D)
— sinC—sinD=2cos sin
tan(A~B)= 1+tanAtanB 2
2tan A (C+DY. [C-D
i =2sinAcos A= ———— cosC—cosD=—25m( )sm( J
‘smm e 1+tan® A 2 2
tan’ A | Y. |
c032A = cos? A —sin® A =2cos* A-1=1-2sin? A= 1—4E2—A|s;1nﬂl—25|[12cos2
| Av g
tanZA:—m cosA=2C052£—-l=l-25in2—é=cosz——51112—
1—tan® A 2 2 2 2
2tan
Sil'l(A g B) + Sl“(A - B) = 2 sinA cosB tan A :m
At




Ex 1: Find sin 75° using sum formula.
o Usesin(45° + 300) = sin 45° cos 30o + cos 45° sin 30°

Ex 2: Simplify tan 75° using tangent sum formula.

o Calculate values:

1+-L
o o\ __ _tan45°+tan30° __ V3
o Use tan(45° + 30°) = T-tan 5 tan 307 11Xl 2+ /3

Q1:sin 60° + sin 30° =7
o A)V/3

1

b= B[ 0o

o B)
o Q)
o D)5
Q2: cos 75o equals:

)

o B) @;ﬁ
o C) 5
o D)@
Q3:tan2A =?iftanA =1
o A)O
o B)1
o C)oo
o D)—1

Q1: A) v/3 - Using sum to product: 2 sin 45° cos 15° = /3
Q2: A) @ - Using cos(45° 4 30°) formula

Q3:D) —1-tan2A4 = 12?;;: = ffi undefined, but limit approaches —1 fortan A = 1

Sum formulas: "Sine sum uses sine-cos + cos-sin"
Double angle: "Double angle sine is 2 sin cos"
Half angle: "Half angle uses square roots of (1 £ cos)"



Trigonometric Values

Key Points

Standard angles: 0°, 30°, 45°, 60°, 90°, 120°, 135°, 150°, 180°

Values of sin, cos, tan for these angles are exact and useful for problems
Example: sin 30° = % cos 60° = % tan45° =1

tan 90° is undefined

Memorize these for quick calculations in exams

Values of trigonometrical ratios of some standard angles

Angle (6) | 0° 30° ) 45° 60° 90° L 120° 135° 150° 180° |
@ D] @ e e
"6 T4 3 T2 3 4 6
fe— | pra——
. ‘ 1 NEY 3 1 1
e‘ - =l Ve B e ! 0
- g 2 v2 2 : 3 2 2
cos6 1 ﬁ ‘ 1 1 0 | <IN | & _ﬁ -1 ‘
2 V2 2 | 2 2 2
[ | |
1 1
tan® —_— - _ -1 e 0
0 NG 1 3 } f3 N;]

Solved Examples

e Ex 1: Find sin 45° and cos 45°
o sin45° = ﬁ, cos45° = Y2

2 2
e Ex 2: Calculate tan 30°
o 1
o tan 30° = 7

Practice Set

e Q1:sin60° =7
o A)%
o B) @
o C)1
o D)0
e Q2:c0s90° =7



o o o
N T >

)
)1
)

o D) Undefined
e Q3:tan4b° =7

o A)O

o B)
o 0)v/3
o D) Undefined

Q1:B) @ - Standard sine value for 60°
Q2: A) 0 - Cosine of 90° is zero
Q3: B) 1 - Tangent of 45° is 1

Remember special angles: 30°, 45°, 60°
sin30° = 1/2, cos60° = 1/2
tan4b5° =1

Trigonometric Inverse Formulae

H—z)=—-tan"lz,z € R

(=
. cot™ 1( r)=m—cot lz,z e€R
¢ H(—x)

. r)=—csc lz,|z| >1

e sec }(—z) =m—sec lz,|z| > 1

. sm(sm '2) = zorsin !(sinz) = z
esin 'L =csclz,z>1lorz < -1
e cos ! % =sec lz,z>1lorz < —1
e tan~! % =cotlz,z2>0

e sin"!(—z) = —sin"'z,z € [-1,1]
e cos}(—z)=m—cosla,x c[-1,1]

e tan"'2 +tan"ly = tan! <1+y ),:cy< 1
T

‘Qcc

o tan 'z +tan 'y =tan! <1+ ) Ty > —1



Trigonometric Identities

when 0 is less than 90°
sin(90° - 0) = cosO
c0s(90° - 0) = sinb
tan(90° - 0) = cotO

sinf/cosO = tan0
sin’0 + cos’0 = 1
sec’0 — tan’0 = 1
cosec’0 — cot’0 = 1

when 0 is greater than 180°
sin(180° + 0) = -sin®
cos(180° + 0) = —cosD
tan(180° + 0) = tanf

when 0 is greater than 360°
sin(360° + 0) = sinO
c0s(360° + 6) = cosO
tan(360° + 0) = tan0

when 0 is less than 180°
sin(180° = ) = sinO
cos(180° - B) = —cosO
tan(180° - 0) = —-tan®

when 0 is negative
sin(-0) = -sin6
cos(-0) = cosB
tan(-0) = —tan®

when 0 is greater than 270°
sin(270° + 0) = —cos6
cos(270° + B) = sin®
tan(270° + 0) = —cot®

Solved Examples

o Ex 1: Simplify tan—!(—1)
o Use formula:tan™!(—z) = —tan"!=z
o Result: — %
e Ex2: Find sin™! (%)
o Result: &

Practice Set

e Ql:tan"1(-2) =7

o A)—tan 12

o B)m—tan"'2

o C)tan—12

o D) -7+ tan"12
e Q2sin!(—z) =7

o A)sin'z

o B)—sin"lz

o O)w—sin 'z

o D)cos 'z

e Q3:tan "tz +tanly =Tifzy <1
o A)tan~! ( 1x+myy>

1 ( 2y
o B)tan ( 1+my)
o C)tan !(z +y)




o D)tan!(z — y)

« Q1:A) —tan~! 2 - Direct application of inverse tangent negative argument formula

e Q2:B)—sin lz- Negative sine inverse is negative of sine inverse

« Q3:A)tan! (%) - Sum formula for inverse tangent when product less than 1

» Inverse tan negative: "Flip sign outside"
o Inverse cot negative: "Pi minus cot"
o Sum of inverse tan: "Use fraction (x+y)/(1-xy) if xy<1"

Trigonometric Approximation

» Used to estimate sine, cosine, tangent for small angles
 Small angle approximation when 8 — 0 (in radians):
o sinf ~ 0
o cosf~1
o tanf ~ 0
» Trigonometric expansions (Taylor series):
osinf=0-4 + & —...
o 0039:1—2—?—1—3—‘;—

otanf=60— & + & _ ...

e Ex 1: Approximate sin 0.1 radians

o Using small angle: sin 0.1 ~ 0.1
o Ex 2: Approximate cos 0.1 radians

o Using small angle: cos 0.1 =~ 1



e Q1: Forsmall 0, sin @ ~?
o A)6?
o B)O
o Q)1
o D)0
e Q2: cos( equals:
o A)O
o B)1
o C)0
o D) Undefined
e Q3: The first term in sin # expansion is:

e Q1:B) 8 - Small angle approximation for sine
e Q2:B) 1- Cosine of zero angle
e Q3:A) 0 - First term in sine Taylor expansion

« Small angle: "Sin and tan approx equal to angle in radians"
o Cos approx: "Cos approx 1 near zero"
« Expansion: "Sine starts with 6, cosine with 1"

Logarithm

Logarithm of a number to base a is the power z such thata® = N.
Written as log, N = x, where a > 0,a # 1.
Logarithm is the inverse of the exponential function.

Parts: base (a), argument (IN), exponent (x).
Relation:log, N =z <= a® = N.



Power

y =log, x N\
/ \\Ar ument  : : @ =&
g is equivalent to  x \
Exponent Base Base Argument
Exponent

logg,ee Argument = Exponent Base = Argument

Ex 1: Find z if 2¥ = 8.
o 8=2% sox =3.

Ex 2: Express logs 81 in exponential form.
o 81 = 3% s0log; 81 =4,

Q1: Iflogs 25 = x, what is z?
o A)1
o B)2
o C)3
o D)4
Q2: log, 16 =7
o A)2
o B)3
o C)4
o D)5
Q3: Iflog, N = 3, then a® = N implies ¢z =7
o A)1

(o}

o
N

)2
)3
) 4

O

(o}

e Q1:B) 2; because 52 = 25.
e Q2: C) 4; because 2% = 16.
 Q3: C) 3; definition of logarithm log, N =  means z = 3.



e Logarithm asks: "To what power is the base raised to get the argument?”
e Rememberlog,a = 1andlog,1 = 0.
» Inverse of exponentiation.

Fundamental Properties of Logarithms

» Product: log,(mn) = log, m + log, n
« Quotient: log, ©- = log, m — log, n
» Power: log, m" = nlog, m

1
 Base Change: log, m = fﬁ,gg“f
» Base Switch: log, b = —loglba

 Ex 1: Calculate log, 8 + log, 4.

o =log,(8 x 4) =log, 32 = 5.
« Ex2:Find log; &*.

o =log;81 —logs9=4—-2=2.
« Ex 3: Evaluate log; 25°.

o =3logs25 =3 x 2 =6.

» Q1:log, 16 + logy 2 =7
o A)3
o B)4
o C)5
o D)6

. Q2:log329—7:?
o A)1
o B)2
o C)3
o D)4

. Q3:log, 64> =?
o A)3



o O O
cow
()}

 Q1: C) 5; product rule: log,(16 x 2) = log, 32 = 5.
» Q2: A) 1; quotient rule: log5 27 —logs 9 =3 — 2 = 1.
e Q3:C) 6; power rule: 2 x log, 64 =2 x 3 = 6.

e Product rule adds logs.

» Quotient rule subtracts logs.

» Power rule multiplies log by exponent.

» Base change formula for different bases.

Other Properties of Logarithms

e log,b=1

e log,1 =0

e Logarithm of 0 is undefined.
e log,a" =n

N alogab =b

o Iflog,n = a:

o logy,n=—z
1
n

o logy/, & =2

——z

o log,

« Nested roots property: log, log, \/ V2=-n



logb =1
log,1 =0
log,0 = undefined

v Vv V¥ V¥

log,a" = n
> alogab = b
» Iflog,n = x, then

- logyn=-x

-
a\ g o

- logy, 1/n=x

> log,log, \/ \/ NV 2 =—n, where n is the number of square roots.

Solved Examples

 Ex 1: Evaluate log; 5.

o =1 (base equals argument).
 Ex 2: Find log; 1.

o =0 (log of 1 is zero).
« Ex3:Iflogy n = 3, find log, j, n.

o = —3 (reciprocal base flips sign).

Practice Set

» Ql:logs 3 =7

o A)O

o B)1

o C)3

o D) Undefined
e Q2:log, 1 ="

o A)O

o B)1

o C)4

o D) Undefined
* Q3:1flog, n = 2, what is log, /, n?

o A)2



Q1: B) 1; log base equals argument equals 1.
Q2: A) 0; log of 1 is always 0.
Q3: B) -2; reciprocal base flips sign.

log, b = 1 and log, 1 = 0 are key anchors.

Reciprocal base changes sign of log.

Exponentiation and log are inverse operations.

Characteristic and Mantissa

 Characteristic: integral part of logarithm (make decimal part positive).
« Mantissa: positive decimal part of logarithm.
o Example: log 39.2 = 1.5933 - characteristic = 1, mantissa = 0.5933.

 Ex 1: Find characteristic and mantissa of log 250 = 2.3979.
o Characteristic = 2, mantissa = 0.3979.

e Q1:Iflog 150 = 2.1761, what is the mantissa?
A) 0.1761

B) 2.1761

C) 1.1761

D) 0.2176

e Q2: Characteristic of log 0.45 = —0.3468 is?

o

o

o

o]



>

-1
0
1

(o}

o
o

)
)
)

o
@)

o D)-0.3468
e Q3: Forlog0.032 = —1.4949, mantissa is?
A) 0.4949
B) -0.4949
C) 1.4949
D) -1.4949

[}

o

o

]

Q1: A) 0.1761; mantissa is positive decimal part.

Q2: A) -1; characteristic is integral part adjusted for negative log.

Q3: A) 0.4949; mantissa is positive decimal part.

Characteristic = integer part, mantissa = positive decimal part.

For negative logs, characteristic is negative integer.

Antilog

Antilog of x is the number whose logarithm is x.

Written as antilog x.

Ex 1: Find antilog of 2.
o antilog 2 = 102 = 100.

Q1: antilog 3 =7
o A)10



o B) 100
o C) 1000
o D) 10000
e Q2: antilog 0 =?
o A)O
o B)1
C) 10
D) Undefined
e Q3:antilog — 1 =7
o A) 0.1
)1
)10
) -1

o]

]

Y

(o}

N

(o}

O

o

Q1: C) 1000; 10° = 1000.
Q2:B)1;10° = 1.
Q3:A)0.1: 1071 = 0.1.

Antilog reverses logarithm: antilog x = 10” for base 10.
Antilog of O is 1.
Negative antilog is reciprocal.

Rules to find Antilog of a Number

Given logarithm . y, separate characteristic x and mantissa y.

Number of digits in integral part = characteristic + 1.

Use antilog tables for mantissa y to find corresponding number.

Adjust number according to characteristic for final value.

Ex 1: Find number for log = 2.4218.



o Characteristic = 2, so integral digits = 3.
o Mantissa = 0.4218, from table number = 2636 + mean difference 5 = 2641.
o Final number = 264.1.

e Q1:Iflogx = 1.3010, what is x?
o A) 20
o B) 25
o C)30
) D) 40
e Q2: Forloga = 0.4771, x is?
o A)2.99
o B)3.00
o C)3.01
o D) 4.00
« Q3:Iflogx = 3.6021, find z.
o A) 3980
o B) 4000
o C) 4020
o D) 4050

Q1: B) 25; log 25 = 1.3979 close to 1.3010, integral digits 2+1=3.
Q2: A) 2.99; mantissa 0.4771 corresponds to 2.99.
Q3: B) 4000; characteristic 3 means 4 digits, mantissa 0.6021 close to 4000.

Integral part + 1 = digits in number.
Use mantissa tables for decimal part.

Adjust final number by characteristic.

Exponents

« Exponent shows how many times a number (base) is multiplied by itself.



Exponent = power of the number.
Exponents can be whole numbers, fractions, negative numbers, or decimals.
Example: 2 X 2 x 2 x 2 = 2%, where 2 is base and 4 is exponent.

Law of product: a™ x a™ = a™™"
Law of quotient: ‘;—Z =am"

Law of zero exponent: a® = 1

Law of negative exponent: a™ ™ = aim
Power of a power: (a™)" = a™"
Power of a product: (ab)™ = a™b™

Power of a quotient: (%)m =4

Ex 1: Simplify 23 x 24,

o Use law of product: 234 = 27 = 128,
Ex 2: Simplify g—ﬁ

o Use law of quotient: 5572 = 5% = 625.

Q1: What is 392

o A)O

o B)1

o C)3

o D) Undefined
Q2: Simplify 472,

o A)16

o B) &

o C) +

o D)8
Q3: Calculate (23)2.



Answer Key

e Q1:B) 1 — Any number to the power 0 is 1.
e Q2:B) 1—16 — Negative exponent means reciprocal.
« Q3:A) 64 — Power of power: (23)2 = 232 = 26 = 64,

Memory Aids

Zero exponent = 1

Negative exponent = reciprocal

Multiply exponents when power of power

Add exponents when multiplying same base

Exponents with Fractions

Fractional Exponents

Fractional exponent % means nth root of the base.
1
Square root: a? = \/a
1 —
Cube root: a3 = {/a

1
Example: 55 = (5%)* = /25

Solved Examples

. Ex1:SimpIify8%.
o Cube root of 8 = 2.
o Ex2: Simpliny%.
o 97 = (92)3 = (3)% = 2T.

Practice Set



e Q2 275 equals?
o A)9

o

o )3
o C)6
o D) 81
e Q3: Simplify32%.
o A)16
o B

o
@)

)8
) 4
)2

O

o

e Q1:A) 4 — Square root of 16 is 4.
e Q2:A)9 — Cube root of 27 is 3, squared is 9.
e Q3: B) 8 — Fifth root of 32 is 2, cubed is 8.

 Fraction denominator = root
 Fraction numerator = power
» Convert fractional exponent to root and power

Decimal Exponents

Decimal exponents are converted to fractions for simplification.

Example: 492 = 43

Calculate by converting decimal to fraction, then apply fractional exponent rules.

Ex 1: Simplify 4°2,
o Convert0.2to +,s0 402 = 43,
o Fifth root of 4 is approx 1.32.
Ex 2: Simplify 9%,
0 0.5=5,509%" =+/9 =3,



Practice Set

« Q1: Convert and simplify 8°-333.
o A)2
o B)4
o C)8
o D) 16
e Q2:16%% equals?
o A)2
o B)4
o ) 8
o D) 16
« Q3: Simplify 25°.
o A)5
o B) 10
o C)25
o D)12.5

N

Answer Key

* Q1:A)2 — 0.333 approx % cube root of 8 is 2.

e Q2:A)2—0.25= i, fourth root of 16 is 2.

e Q3:A)5— Square root of 25 is 5.

Memory Aids

» Convert decimals to fractions first
» Apply fractional exponent rules

Scientific Notation with Exponents

Scientific Notation

» Express numbers as a decimal multiplied by 10 raised to an exponent.
» Useful for very large or very small numbers.

« Example: 560000 = 5.6 x 10°



Ex 1: Express 45000 in scientific notation.

o Move decimal 4 places left: 4.5 x 104
Ex 2: Express 0.00032 in scientific notation.

o Move decimal 4 places right: 3.2 X 1074

Q1: Write 1200000 in scientific notation.
o A)1.2 x 10°
o B)12 x 10°
o €)0.12 x 107
o D) 1.2 x 10°
Q2: Write 0.0056 in scientific notation.
o A)5.6 x 107°
o B)0.56 x 102
o C)56 x 1074
o D)5.6 x 1074
Q3: Express 0.00009 in scientific notation.
o A)9 x 1075
o B)0.9 x 10~
o C)90 x 107
o D)9 x 107*

Q1:A) 1.2 x 10° — Move decimal 6 places left.
Q2: A) 5.6 x 102 — Move decimal 3 places right.
Q3:A)9 x 10~° — Move decimal 5 places right.

Count decimal moves for exponent
Positive exponent for large numbers
Negative exponent for small numbers



Algebra

Ex 1:

Ex 2:

(a+b)A2 = ar2 + bA2 + 2ab

(a-b)A2 = an2 + bA2 - 2ab

a’r2 - bA2 = (a+b)(a-b)

(a+b)A3 = aA3 + bA3 + 3ab(a+b)

(a-b)A3 = an3 - bA3 - 3ab(a-b)

ar2 + bA2 + cA2 - ab - be - ca = \frac{1}{2}[(a-b)*2 + (b-c)A2 + (c-a)A2]
a’3 + bA3 + cA3 - 3abc = (a+b+c)(a?2 + bA2 + cA2 - ab - bc - ca)
(a+b)A2 - (a-b)A2 = 4ab

(a+b)A2 + (a-b)A2 = 2(a”2 + bA2)

a3 + bA3 = (a+b)(ar2 + bA2 - ab)

a3 - bA3 = (a-b)(ar2 + bA2 + ab)

Expand (x+3)A2

Use formula: (a+b)A2 = a2 + bA2 + 2ab
Here,a=x,b=3
Result: xA2 + 9 + 6X

Factorize xA2 -9

Use formula: aA2 - bA2 = (a+b)(a-b)
Here,a=x,b=3
Result: (x+3)(x-3)

Q1: What is (2x - 5)A2 equal to?

o A 4xN2-25

B. 4xA2 + 25 - 20x
C.4x"2 + 25 + 20x



e D.4xA2 - 25+ 20x
Q2: Factorize a3 - bA3

A. (a-b)(a”2 - ab + bA2)

B. (a-b)(a”2 + ab + b/2)
C. (a+b)(a”2 - ab + bA2)
D. (a+b)(a”r2 + ab + bA2)

Q3: Simplify (a+b)A2 - (a-b)A2

A. 2ab
B. 4ab

D. (a+b)(a-b)

Q1: B. 4x/2 + 25 - 20x; Use (a-b)A2 = aA2 + bA2 - 2ab

Q2: B. (a-b)(a”2 + ab + bA2); Formula for difference of cubes

Q3: B. 4ab; Direct formula (a+b)A2 - (a-b)A2 = 4ab

» Square of sum/difference: remember signs and 2ab term
« Difference of squares: factor as (a+b)(a-b)
e Cubes: watch signs carefully in expansions

Arithmetic Progression

» Asequence ai, az, ..., an is A.P if difference d = ax+1 - ax is constant



e nthterm: Tn=a+(n-1)d

e Number of terms: n = \frac{l - a + d}{d}

o Common difference: d = \frac{l - a{{n-1}

e Sum of n terms: Sn = \frac{n}{2} [2a + (n-1)d]

Ex 1: Find 5th term of A.P with a=3, d=2

e Ts=3+(5-1)x2=3+8=11

Ex 2: Sum of first 4 terms with a=1, d=3

o Sa=4/2[2x1+(4-1)x3]=2[2+9] =22

Q1: If a=2, d=3, what is 4th term?

A 11
B.14

Q2: Sum of first 5 terms with a=1, d=4?

A. 45
B. 50
C.55
D. 60

Q3: Number of terms if a=3, [=27, d=3?

e A7
« B.8



e« C.9
¢« D.10

Answer Key

Q1:A. 11; Ta=2+3x3=11

Q2: A. 45; S5 =5/2 [2x1 + 4x4] = 45

Q3:C.9;n=(27-3)/3+1=9

Memory Aids

o AP difference constant: d =az- a1
o Sum formula: average x number of terms
e nth term: start + (n-1)xdifference

Arithmetic Mean

Key Points

o Middle number in three numbers in A.P is arithmetic mean (A.M.)

e A.M. between two numbers aand b is “T“Lb

Solved Examples

Ex 1: Find A.M. between 4 and 10

o« AM.=(4+10)/2=7

Practice Set

Q1: AM. between 5 and 15?



B.10
e C.12
D. 20

Q2: If three numbers are 3, x, 7 in A.P., find x?

Q3: AM. of 8and 12?

e« B.10
e C.1M
D.12

Q1:B. 10; (5+15)/2 =10

Q2: B. 5; x is middle term in A.P. so (3+7)/2=5

Q3:B. 10; (8+12)/2=10

e A.M. is average of two numbers
o Middle term in A.P. is A.M.



Geometric Progression

Key Concepts & Formulas

» Sequence where ratio of consecutive terms is constant: r = ak+1 / ax
e General term: Tn = arAM{n-1}
e Sum of n terms:

o Sn=a(1-rAn)/(1-r), ifr<1

o Sn=a(r*n-1)/(r-1),ifr>1

o Sn=na,ifr=1

Solved Examples

Ex 1: Find 4th term if a=2, r=3

e Ta=2x3M3}=54

Ex 2: Sum of first 3 terms if a=1, r=2

e S3=1x(2A3-1)/(2-1)=7

Practice Set

Q1: Find 3rd term if a=3, r=2

B. 12
C.24
D.18

Q2: Sum of first 4 terms if a=2, r=0.5?

A.3.75
B.4.5



Q3: If r=1, sum of 5 terms with a=4?

B. 20
C.16
D. 25

Q1:B.12; T_3=3x2M2}=12

Q2: A. 3.75; S_4 = 2(1-0.524)/(1-0.5) = 3.75

Q3:B.20;S n=na=5x4=20

e GPratio constant:r=az/ ax
» General term: multiply previous term by r
e Sum formulas depend on r value

Geometric Mean

o Middle number in three numbers in G.P. is geometric mean (G.M.)

« G.M. between two positive numbers a and b is v/ ab
o A.M. is always greater than G.M. for positive numbers

Ex 1: Find G.M. between 4 and 9

e GM.=v4 x 9=



Q1: G.M. between 1 and 16?

Q2: If three numbers are 2, x, 8 in G.P., find x?

Q3: Which is always greater for positive numbers?

A. G.M.

B. A.M.

C. Both equal
D. None

Q1:C.4:v1x 16 =4

Q2:B.4:x=+/2x8=14

Q3: B. AM.; A.M. > G.M. for positive numbers

e G.M. is square root of product



e Middle term in G.P. is G.M.
e A.M. always > G.M. for positives

Formula for Logarithm

e log(mn)=logm +logn
e log(m/n)=logm-logn
e log(m~n) =nlog m

Ex 1: Calculate log(100 x 10)

e log(100) + log(10)=2+1=3

Q1: log(50 x 2) equals?

A.log 50 + log 2
B.log 50 - log 2
C.log 50 x log 2
D.log 50/ log 2

Q2: log(81/9) equals?

A.log 81 +log 9

B.log 81 -log 9
C.log 9-log 81
D.log 81 xlog 9

Q3: log(223) equals?



A.3log 2
B.log2/3
C.log2+3
D.log2-3

Answer Key

Q1: A. log 50 + log 2; Product rule

Q2: B. log 81 - log 9; Quotient rule

Q3: A. 3 log 2; Power rule

Memory Aids

e Product: sum of logs
» Quotient: difference of logs
» Power: multiply log by exponent

Series of Natural Numbers

Key Formulas

= _n(n+l)
Zn: ;}r=1+2+3+....+n— 2
n+1)(2n+1)
2 _T =P +2+3 +.. 40 R
Zn =zr __1 - - 6
r=1

112(11+1)2 n(n+l)x2
}:n3=§r3.—-13+23+33+....+n e =
=]

n(n+1)

e Sum of first n natural numbers: 3

n(n+1)(2n+1)
6

e Sum of squares:



2
e Sum of cubes: (n(";l) )

Ex 1: Sum of first 5 natural numbers

5(5+1)

Ex 2: Sum of squares of first 3 natural numbers

3(3+1)(23+1)
* T 6 = 14

Q1: Sum of first 4 natural numbers?

A.10
B. 15
C. 20
D. 25

Q2: Sum of squares of first 2 natural numbers?

Q3: Sum of cubes of first 3 natural numbers?

A. 27
B. 36
C.64
D. 100



Answer Key

Q1:A.10; £ =10
Q2:B.5; % =5

Q3:B.36; (3£)” = 36
Memory Aids

e Sum n natural numbers: n(n+1)/2
o Sum squares: n(n+1)(2n+1)/6
e Sum cubes: square of sum of n numbers

Binomial Theorem
Key Expansions

e (1-x)An =1 - \frac{nxH1!} + \frac{n(n-1)x2A2}H{2!} - ...
o (1+#x)An =1 + \frac{nx}{1!} + \frac{n(n-1)x 22!} + ...

Solved Examples
Ex 1: Expand (1-x)A2
e Useformula: 1-2x +xA2
Practice Set
Q1: Coefficient of x in (1+x)A3?

e A1
e B.2
« C.3



e« D.4

Q2: Term independent of x in (1-x)A2?

Q3: Coefficient of xA2 in (1+x)A3?

Q1: C. 3; Coefficientisn =3

Q2: A. 1; Constant term is 1

Q3: D. 3; Coefficient is \frac{3 2}H{2} =3

« Signs alternate in (1-x)An
o Coefficients from nCr
¢ Use factorial for terms

Exponential Expansion

e eMx=1+x+ \frac{x 22!} + \frac{xA3}{3!} + ...



Ex 1: Find first 3 terms of eAx expansion

e 1+ x+ \frac{x22}{2}

Q1: Coefficient of xA2 in eAx?

o A1
B. \frac{1H{2}
C. \frac{1}{3}
e D.2

Q2: Term after x in eAx?

o A1
e B.x
C. \frac{x 2H{2!}
D. \frac{xA3H3!}

Q3: Sum of first 2 terms of eAx?

A 1+X

B. x + \frac{x"2}{2}

C. 1+ \frac{x"2}{2}

D. 1+ x + \frac{x"2}{2}

Q1: B. \frac{1}{2}; Coefficient of xA2 is 1/2!

Q2: C. \frac{x*2}H{2!}; Next term after x



Q3: A. 1+ x; Sum of first two terms

Memory Aids

o Factorials in denominators
« Terms increase powers of x
o Starts with 1 + x

Logarithmic Expansion

Key Formula

e In(1+x) = x - \frac{xA2H2} + \frac{x"3H3} - ... (| x| < 1)

Solved Examples

Ex 1: Write first 3 terms of In(1+x)

o x - \frac{x"2}{2} + \frac{x~3}{3}

Practice Set

Q1: Coefficient of xA2 in In(1+x)?

.1/2
.-1/2
1/3
.-1/3

[ ]
N w >

Q2: Sign of xA3 term in In(1+x)?

A. Positive

B. Negative
C.Zero
D. Undefined



Q3: Validity range of expansion?

A. |x| <1
B. [x]| >1
C.x>0
D.x<0

Q1: B. -1/2; Negative coefficient for xA2 term

Q2: A. Positive; xA3 term positive

Q3: A. |x| < 1; Validity condition

» Signs alternate in series
« Starts with x
« Valid for |x]| <1



