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NUMBER PROPERTIES

All numbers tested on the GMAT are real numbers, meaning
they lie on the number line. These include:

* Integers: whole numbers (.., -2,-1,0,1,2,..)

¢ Rational numbers: numbers that can be written as a

fraction (terminating decimals)

¢ [rrational numbers: numbers that cannot be written as
fractions (non-terminating decimals)

# Example:

e lIrrational: v2,

e Rational: 3/4, 0.25, 0.333...

! GMAT Trap
e Rational # integer
e Irrational # decimal

NOTE: Decimal terminates if denominator has only 2s and/or 5s

8 ODD &EVEN

Even number: divisible by 2

+ Written as 2k (k = any integer)

# Example:
o Ifk=3—>2k=6

Y

Here, x < 0 = negative and y > 0 — positive

Sign Rules
o (+)x(+)=(+
o (=)x(=)=(+
o (F)x(=)=(=)

Same rules apply for division.

)
)

NOTE: Zero: (1) is an integer, (2)
is even, (3) is neither positive
nor negative, and (4) is divisible

D PRIME NUMBERS

A prime number is a positive integer that has exactly two
positive factors: 1and itself.
Remember:

» lis not prime | 2 is the only even prime

¢ All primes greater than 3 are of the form 6k %1

by every non-zero integer

79 odd number: not divisible by 2 (even), 2k +1=7 ) . . .
H e Written as 2k + 1 (k = any integer) (odd) A composite number is an integer greater than 1that is not
' prime and has more than two factors.
i / Power Rules Outcome
1 n= If a2is even - a
! * odd"=odd Is a‘n’ a prime number?
: * even’=even must be even If a positive integer n has any factor other than 1 and itself, then
1 ¢ (odd/even % even/odd)" — depends | If a*isodd — a P 9 Y ,
1 . 0 at least one of those factors must be less than or equal to v/n —
I on base parity, not exponent must be odd ;
1 1 That's why: we only need to test prime numbers < +vn, not all
i : numbers.
I
1
I
i +
' @ =Even | @ =0dd
Compute v'n Prime numbers below 100 € —======-~
Fr——T——T-——T——T-——n # Example: n = 161|/161=12.7
I I I I I I e B e T P T P
.+ 8. 8. 1 2 3 .4 .5 .6 7.8 .9 .10
I I I I | | List all prime numbers € +/n """ """ """ """ """ """ """ """ """ """ i
> i ) i ) h h h ) h )
o T, e 571 R e e
| @ | | 121 122 123 ;24 252627 2829 30
I I I I I I Divide n by each prime from : 31 ; 32 33 34 35 36 i 37 38 39 40
_) 1 1 1
' LX o ' I I previous step: if any division is C Lo L Lo [ [ [ 1 [ [ :
:'__':'__':'__':'__T__*I exact — n is not prime ' 41 42 b 43 ' a4 b 45 b a6 L 47 b 48 | 49 | 50
[ Cx @, I # Example:
F——+——+——+——+—-=A o 161+2X[161+3 X . . E A [ [ . i b [~ H
I I I I | | o 1615X|161+7=23M 51 52 i 53 E 54 55 56 57 58 E 59 60
| m | X | m | i 1 m | ) . ' ' ' ] il il Il i I} ]
___________________ | 161is NOT prime
61 62 63 64 65 66 67 68 69 70
NOTES@ 571572573574575576577578579580
81 82 83 84 85 86 87 88 89 90
191192 .93 .94 .95 96 : 97 : 98 : 99 ! 100
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E PRIME FACTORISATION F DIVISIBILITY & REMAINDERS

Every integer ‘n’ greater than 1.can be written uniquely as a EIMemorise divisibility rules to reduce calculation time

product of prime numbers (pl, p2, .): When numbers are raised to powers, their last digits repeat in

n=p%Xplx... ‘ fixed cycles, called cyclicity.

—-p l.Powers of numbers ending in 0,1, 5, or 6 always have the
same last digit.

2.Powers of numbers ending in 4 or 9 repeat every 2 powers.

3.Powers of numbers ending in 2, 3, 7, or 8 repeat every 4

The total number of factors (f) in this case:

f=(a+1)(b+1)... 2 ]

powers.
# Example: ! GMAT Trap ;
450 =2'x 32 x 52 e Forgetting to include 1 Number ‘n', divisor ‘d’, If ‘a’ and ‘b’ are two numbers
Number of factors = || ¢ Perfect squares — odd number leaving a quotient ‘g’ and such that a = b (mod m), then: !
(1+1)(2+1)(2+1) =18 of factors remainder 'r': e a+c=b+c(modm) ‘
e axc=bxc (modm) a
The sum of factors (S) in this case: n= (d) (Q) +r e ak = bk (mod m)

a+l 1 b+1 1
s B @
P1 P2 e Rem[(x +y +2) +d] =Rem[x + d] + Reml[y + d] + Rem[z + d]
e Rem[(z xy x z) +d] =Rem|[x + d] x Rem[y + d] x Rem[z + d]
If the sum > d, then Rem = Rem [sum + d]

Addition & Multiplication of remainders :

The number of odd (O) and even factors (E) of ‘n’, such

that: a b . 3 E ;
n =2 X py’ X p3°Xx... . - o o
G xamp/e: . ! Always reduce X:‘:Tp e
» Number of odd factors (0) = (b +1) x (c +1) x .. o Rem[(17x19) + el e 6°=1(mod 31)
e Number of even factors (E) = (a) x (b +1) x (c +1) x ... 6]=(5x1)=5 e 6 =6 (mod 31)

t
o

/ Fermat’'s Theorem
If ‘n’is prime and if ‘m’ is not divisible by 'n’, then: e
e mm =1(modn)
e m"=m (modn)

If ‘'n” has ‘m’ distinct prime factors, then the number of
coprime factor pairs (k):

k=20m1 ()

The total number of ways to write ‘n’ as product of two
factors, if ‘'n’ has ‘k’ total factors:

o Ifk =even — k/2 ways °
o Ifk =o0dd — (k+1)/2 ways

1. This only works if divisor is prime

If, when divided by divisor ‘d": Ifx,y, 2 all leave the same

e xleaves remainder . -
P remainder ‘r when divided

e yleaves remainder -
Y - q G by divisors dj, d2, d3, then: o
e zleaves remainderr

Then:
o ddivides (x-p),(y-q),(z-r)

e x=LCM(d,, d;, d3) +r

# NOTE: Proper factors are all factors except the number itself.
A number whose proper factors add up to the number is called
a perfect number (ex: 6)

Algebraic expressions:
e (an+ bn) is divisible by (a + b), when n is odd. °
e (an-bn) is divisible by (a + b), when n is even.
e (an- bn) is always divisible by (a - b), for every n.

T e e

NAY NOTES @

(Sum of odd-position digits — sum of even-
position digits) divisible by 11

o GMATPoint e

N Cyclicity Rule
i 2 1 2,4,6,8 : Lastdigitis0,2,4,6,8 5
i 3 . 3,9,7,1 . Sum of digits divisible by 3 .
' 4 1 4,6 . Lasttwo digits divisible by 4 :
i 5 5  EndsinOor5 :
P6 6 © Divisible by both 2 and 3 '
Ta ke 2 FREE fu"_ Iength b7 7,9,3,1 ! Remgv.e last digit, double it, sybtract from :
. ! ! ' remaining number; repeat until manageable
GMAT Mock Tests : T [ pTTTTTTTTmT T i
: 8 ! 8,4,2,6 1 Last three digits divisible by 8 !
Experience the real exam format b s il :
¢ 9 1+ 9,1 . Sum ofdigits divisible by 9 :
Start Test Now poeoeee RRRRRELEE frmmoosenenooooonooeooooooooes :
P10 0 + Endsin0 :
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G GCF-LCM & SQUARES

e GCF: product of common primes with the smallest powers
e LCM: product of all primes with the largest powers
If two numbers share no common primes, GCF = 1

Product of two numbers equals product of their GCF and LCM:

a x b= GCF (a,b) x LCM (a,b)

- To find the LCM of two fractions fl and 2:

LCM (numerators)
HCF (denominators)

LCM (fr, f2) =

- Anumber is a perfect square if and only if all prime exponents
are even. Consequences:

ANOTE: Squares can be
represented as:

3kor 3k +1 (k = any +integer)
4k or 4k +1 (k = any +integer)

e Odd number of total factors
e Square roots are integers
e The sum of factors is odd

- Anumber is a perfect cube if and only if all prime exponents
are multiples of three.

_ A perfect square can only end in: {0, 1, 4, 5, 6, 9}
e Second-last digit is always even, except when last digit = 6
e If last digit = 5 = second-last digit must be 2

¥
Cubes Squares "'

H FACTORIALS

Product of n consecutive integers divisible by n!:

nl=nx(n-1)x (n—2)x...x1

# Example: A NOTE: o

21=231=64=i° If nis odd — sum divisible by n

24,51 =120, 6! = e If nis even — sum NOT divisible by n

720, 7! = 5040, ... e 0! =1and negative factorials are
undefined

_ The number of trailing zeroes (T) in nt:
n n

T:[%]x[2—5]x[125 x...

where [x] = greatest integer less than or equal to the given number

_ The highest power (H) of a prime number ‘p’ in n!:

n n n
H=[—|x[Z]x[=

p p p
where [x] = greatest integer less than or equal to the given number

]x...

- The product of ‘n’ consecutive natural numbers is always
divisible by n! (®Example: 5 x 6 x 7 div. by 3!)

NOTES @
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FRACTIONS & DECIMALS | RATIO & PROPORTION | PERCENTS

A FRACTIONS

(o VARIATION

¢ Fraction = numerator [/ denominator Mixed — Improper: Direct Variation )
e Proper: numerator < denominator b ac—+b
e Improper: numerator > denominator Q- = —— o=y = kx
e Mixed number = integer + proper fraction cC c Yy Yy
Here: a 1 | 1
=Comparing fractions [Shortcut: Bow-tie method] e k= constant
If x doubles — 3
(a x d) (b x c) r lfxdo y :
[ e a c oubles whenk=1
\ S~ -
\, ST / o — —
“a //&\\ C / IF: (axd)>(b><c)—> b > d G
N7 N Inverse Variation ] ] 2
// \\ e o o /_/j\ . - 1 k
N \
// \/\/\/\// N IR (a,xd)<(b><c)—>—<—a YxX — =>y=—
{7 \ b d x x
——— ~—__. 2 0 2 ]
Here:
e k= constant
B DECIMALS ¢ If xdoubles =y | "
halves when k=1
/ Terminating Decimal / Repeating Decimal Combined Variation EApproach:
1.Remove decimal If x = 0.ab (repeating), then: T2 ks 1.Write proportionality
2.Divide by power of 10 B a_b Y - =>y= o equation
3.Reduce = 99 Here: 2.Introduce constant k
: Use gi io to find k
#Example: # Example: . k= constant 3.Use given scenario tg ind
56 14 4w = variabl 4.Apply to new scenario and
0.56 = — = — 0.39 = ﬂ — E * yxzandw=varables solve for variables
100 25 ’ 99 33
/ Mixed Repeating Decimal [Rare] - R e °
These are of the format: x = 0.abcdcd... (with cd repeating) Write the full number without In denominator, use 9s for

decimal up to one full repeat

# Example: n = 0.25121212..., then
write x = 2512

Here:

¢ Non-repeating part = 25

e Repeating part =12 (2 digits)

repeating, Os for non-repeating
# Example:

Here -

e 2repeating digits = 99

e 2 non-repeating digits = 00
Denominator — 9900

mii
ores [

2487 829

Subtract the non-repeating part = —— = ——
9900 3300

0.251212. ..
# Example: x = 2512 - 25 = 2487
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(DI RATIO & PROPORTION E PERCENTAGES

A ratio compares quantities relative to each other, not in Representation: Q

T
i | - Percentage change:
absolute terms: o
b= < Vs part ' new — original
a:b= 3 / Approach percent = hole 100 ¢ ¢ change = ————=——— x 100
lfa:b:c=2:3:5andif H original
Other representations: total = T, then: |
e a=kb,b=k"a . a
e a=xt b=yt (scaling variable) | a = 2z, b=3z,c=5x _If Ais x % less than B, then: # Example:
. P Ais 20% less than B —
such that: Bis Too =3 100% morethan A | = 0.8B
! Trap: Assuming actual values 2 = T - Bis 25% more than A
without a total or constraint 24+3+5
o ] _If Ais X% more than B, then: # Example:
=Combining Ratios: - A is 20% more than B
fa:b=2:3andb:c =4:5, then to combine the ratios, Bis m x 100% lessthanA |— A=128B
make the common variable ‘b’ equal: Bis 16%% less than A
e multiplya:bby4—>a:b=8:12 °
e multiplyb:cby3—=>b:c=12:15 . For successive
Therefore - a:b:c=8:12:15 changes of +a%and  Netchange = (1+4a) (1 +b) — 1
NOTE: If A is p% of B,then - A: B =p:100 then +b%:
1 2
Ratio Properties O Invertendo _) Alternendo - If value changes by N x?
etchange = — —% o
If: +x% and then =x%: 100
a c e b d T a b
—_— = — | —_— = — J— ;_—Lf J—
b d sa ¢ c” d ; e
3 (%) Carricks I GMAT Trap
J Componendo \_) Dividendo \E’) Comp.-Dividendo o x%ofy=y%of x— (25% e Repeated increase &
i L e Lo of 80 = 80% of 25 = 20) decrease always multiplies
ai__F_b_l CH_ di al_ bi CI_ di a+b e+ d ¢ 10% = move decimal one e Same absolute change =
I = = = place same percent change
b d b d al—b ci—d ¢ 5% =% of one-tenth of e “More than / less than”
number signals base switch
G e Split ugly percents: 37% e Averaging percents is
- An x% change in quantity Q can be offset by changing the of 80 = (40% - 3%) x 80 almost always wrong
same quantity by y% in the opposite direction, where: :
100z | 7
y=——"% F— 1o ; :
100 + = ; ---» Fractions Percents Decimals
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WORD PROBLEMS | ARITHMETIC

A PROFIT & LOSS B INTEREST

- ; Edprofit/Loss percent: ;
. (S:: _Sccl’l?‘tgpgc,e / P { » P=Principal *r% = Annual rate (%) =t = Time duration
. =Selun rice ! .
. s A=A = S| = | [ | = |
. MP = Marked (List) Price A= SP CP| « 100 : mount = SI=Simple Interest = Cl=Compound Interest
. Profit= (SP - CP) cp ‘ q}c .
« Loss=(CP-SP) 1LP/L % is always calculated on CP E3simple Interest : ompound Interest |
. . . , rXt ! r o\? i
Relationship b/w CP, SP, MP and Discount:  [p— profit] [I= loss] A=P[1+ o A=P(1+ —) o--
100 / ife 100 2
cPesp {SP=CPx (1+ p)&) sp C’P><<1 l )0 p ; iE E
- 100 = ~ 700 X7r X - 1
e 100/ SI=""""" <@ COI—A_P «--i
100 ; |
d \/ ! I
MP < SP SP:MPX(I—W>° d%:dﬁdr% : :
i Relationship Compounding  ¢---I
frequency:
Effective discount when discounts d1% and d,% are applied ] - ' si=cl 11 e Annual —rate =,
C T - power = t
; "~ - i ; T pTTTTm et 11 e Semi-annual - rate
Type l: Buy ‘X' Get 'y’ Free Typell Incorrect. Welght§ | t=2 | CI-SI=Px(r/100) ! = (r/2), power =(2t)
Equivalent discount (d%): If charged for x units but gives e S 11 e Quarterly > rate =
y y units, then profit (p%): . t=3 | CI-SI>Px(r/100) : (r/4), power =(4t)
d% = x 100 z—y D o
Ty p%—(—)xlOO O
# Example: Y An annual installment ‘x’ to repay a loan (with principal
Buy 2 get | free — d = 33%% # Example: Claims 1kg, but P) with mterestlrote r% per annum over ‘t’ years, can be
Buy 3 get 2 free » d = 40% giVeS 800 g — Profit % = 25% represented as:
T T T
P = ﬁ-l—. .ot 3 + I
1+ 15) I+ 1) (4 w)
C MIXTURES
i
Weighted Average e ——— 3
¥ (quantity x value) .
Average = ) # Example: A shopkeeper "Ex‘anr\ple: A loan of 212,000 is
. . y mixes two types of rice: Rice A repaid in 3 equal annual
¢ Quantity =.amount/volur7.1e/we|ght of each component costing #30/kg, and Rice B installments at 10% interest p.a.
¢ Value = price, concentration, strength, or percentage costing #50/kg. He sells the Find the annual installment.
1 Don't average values directly unless quantities are equal mixture at 244/kg and makes a |{ * P=12000  =r =10%
10% profit. In what ratio is Rice A {{ "t=3 * Installment = x
Alligation Rule s and Rice B are mixed?
: o . CP = S P=[x+QD]+[x+(11)7+[x=
¢ — cheaper item with lower * LF;;olﬂt ;ig;/l‘z’ then: CP = (1.1 )3][ ISR
p— . d= g .
= M honna | Pricelpercentage i(tT\V)higher =5 12000 = x(2.486)
m—c * . I = x=[12000 + 2.486] = ¥4,825
' price/percentage (d.) L JE [ i
e m — mean or final mixture
= . » || mmm
aQ A NOTES @
o dy O=======smmsssmmmmmmsmsme e A S
6 40
Q. ,,9 ENOTE: . g5
S - < * This only works for mixing o S
S TWO components. (50-40) T 0-30)
o ‘. e The component farther from
i . (m-cy mean contributes LESS o )
quantity. .. Rice A:RiceB=1:1
Successive Dilution where:
z \" ° Q. — final total volume Access 3,000+
Q,=Q,x (1— * Q. original totalvolume - gpMAT-level Questions
QO e x-volume replaced each
time The best practise repository to
e n- number of boost your score

# Example: If Qo = 10 L milk, x =1L
water, and n = 2, then: Q, =10 x (1 - replacements

Practice Now
1/10)2 =10 x (0.9)2 = 8.1 L milk _

o GMATPoint
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D RATE & WORK

Combined Work E3Work = Rate x Time

If A takes ‘X’ amount of time and B takes ‘y’ amount of time
individually to complete a piece of work (W), then their combined
rate (r) and the combined time (t) to finish the same work is:

1
a’r':;—f‘y

Work Done in Segments

1

|

|

|

L r; =2

i Z ti

—

Total rate when there
are ‘i’ workers

T Xy

1 it:—
Tty

° W:T1Xt1—|—T2Xt2+...

1 Track work in fractions; here, the total work (W) is the sum
of work done individually

L 4
where:
¢ Tiota — total time
to finish the work

W — total work (in

work units)

e r — efficiency of
one worker (work
units per unit time)

* ng —> number of
workers initially
present

¢ n; — number of
workers added/
removed later

e t— time worked
before new
workers are

Type I: Workers Added after t

GT _t+W—(noxrxt)
total — (n0—|—n1) < 7 .

Type ll: Workers Removed after t

° W —(n, x r X t)
Tiotar =t +

(no —mn1) X7

EJEfficiency

If A:B efficiency = m:n, then:

e Timeratio=n:m
This is mainly because efficiency
o rate and efficiency o< (1/time)

4 Example: 5 workers start a job; each worker does 2 units/
day. They can complete a task in 10 days. If, after 4 days, 3
more workers join, what is the new completion time?

100 — (5 x 2 x 4)
(5+3) x 2

4+ 80 s

Ttotal =4+ 16

added/removed °

E3other Useful Shortcuts:

1. Three People Working Together
If Acan complete a job in ‘a’ hours, B in ‘b’ hours, and C in ‘¢’
hours, then working together they will complete it in ‘t’ hours,
such that:

axbxc
(axb+bxc+cxa)

2. Two People Working Together
If A can complete a job in ‘@’ hours, and A and B together
can complete it in ‘t’ hours, then B alone will take ‘b’ hours,
such that:
(a x t)

(a—1t)

3.Finding an Individual’s Rate When Three Work Together
If A can complete a job in ‘@’ hours, B in ‘b’ hours, and A, B,
and C together in ‘t’ hours, then:

b:

e Calonecandoitin ‘e hours, such that:
(axbxt)

“= (axb—axt—>bxt)

e Aand C orBand C together can do itin ‘T, or ‘T2’ hours
respectively, such that:
|
|
(bxt) | (a xt)
|
|
|

(a—1)

T

6-1 | 27

Edlpes and Cisterns rate = X (inlet) + X (outlet)

——

# Example: Pipe A fills hegattive

tank in 6 hours. Pipe B
empties the same tank in
8 hours. If tank empty +
both are opened, the
time taken to fill:

positive

Let tank volume =120 L

inlet rate = 20 L/hr | outlet = 15 L/hr
Net = (20-15) =5 L/hr

F====% Time taken =120/5 = 24 hrs

! Instead of setting total work = 1, set total work = LCM of
individual completion times — converts all rates into
integers, making multi-step problems far easier.

vy Tt ¥

- (CN
Y TTTTTT ¥ I\/I

Choose Total Work = LCM of

individual times (t1, t2, .., tn)

# Example: A completes work

in 10 days, B in 15 days.

o Total work = LCM(10, 15) =
30 units

o GMATPoint

Compute Individual Efficiencies
efficiency = total work/time
taken
# Example:
o A’s efficiency = 30/10 = 3
units/day
« B's efficiency = 30/15 = 2
units/day

Combine or Modify Efficiencies
o Add efficiencies when
working together
e Subtract if someone leaves
e Track work completed in
units
# Example:
Combined efficiency of A and

B = (3 + 2) = 5 units/day

Compute Time = (remaining

work)/(net efficiency)

# Example:

o Total work = 30 units

¢ Combined efficiency =5
units/day

o Time taken for A and B to
do the same work together
= (30/5) = 6 days

NOTES @




E TIME, SPEED & DISTANCE

. o e
Average Speed (s) EIpistance = Speed x Time ~Races and Headstarts
Case I: Equal Distances | iCase Ill: Unequal Distance & Time ' :'3 é?pf?efgzsbiaésl?rﬁs‘;?d ———p Sa _ L —
then: =
_ 2(81) (82) . (31) (t1)+(82) (tz) race, then Sy L xXr
S S
a 1t 82 b+t * If the same distance is Time t, Sp
Case ll: Equal Time KNOTE: If speed increases by X%, CRVEIEE CRE D HPEERIED [fmmal . = &5 =
time decreases by: of A:B = sa:sp, then: ty Sa
o= S11 52 ° 100% ®)
= — — X 0 O==
2 100 + H o Ifthe speed ratioof A:B = s,: Dist da Sa
i sg, then the distance covered f===p rcltié d_ - —
. in equal time: b Sp
* Exampli-so # Example: q
Two tr?lns q m qut;mt If speed of a car increases by 20%,
nr:c]);e Oc\jN;(; e/ocTho 'I(Iar the time taken to traverse a distance « If the B (speed sg) has ‘t’ =
?neetc;: X m/s. They decreases by 20/120 = % = 16.67% seconds head start, then the f——=p h = 8p X t — !
‘ 4 head start distance (h): :
1
Relative Speed (r) o-.! d i
. . S —n ——— — — — — — — — I
Objects hrre g L = . # Example: In a 400-meter race, runner A finishes 40 meters H
e * Same c.ilrec.tlon.—> Isi- sl S1 d S2 ahead of runner B. In another 400-meter race, runner B is given a :
* Opposite direction = (51 +s2) ls1 = 2] head start of 8 seconds and both runners run at their original i
* Meeting time (T)_ = (initial ., iconstant speeds. If runner A just manages to catch runner B exactly |
distance)/(relative speed) S1 ﬁ Sz at the finish line of the 400-meter track, what is the speed of runner H
B in meters per second? :
. - - - P i
! Speed Ratio and Meeting Time from Post Me.etlng Times « Speed ratio from first race = 400:360 = 10:9 ‘__!
A (speed s.) and B (speed sg) start from opposite ends toward « B's head start dist - s.x8
each other and meet at point P at time t. After meeting: s headstar I,S ance = sp .
; ) . e A covers 400 m in the same time B covers [400 - (sg % 8)] m
e Atakes t; to reach B's starting point L )
, . . e Considering speed ratio:
* Btakes tg to reach A's starting point | # Example: A = 400 x 9 =10 x [400 - (sp x 8)]
e Speeds remain constant throughout takes 4 hrs after 400 10 - S
meeting, B takes 9 = — = 3600 =4000 - 80sp
speed Ratio I Meeting Time hrs after meeting’ 400 - (Sb X 8) 9 = Sg = 5m/s
7 | then:
Sa b | — ./
— = — | t = ta X Tp Sa _ 9 _ 3 ZTrains EJ(Length, Speed) = = [Ly, 4] Train A = [Ly, s;] Train B
Sb ta | s Va2 . . . :
. * Passingapole | « Two trains crossing
|
; L ' L+ L Li+L
i RConversions t= L i =112 g=11 72
°- 1m/s =18/8 km/h & 1km/h=518m/s + 1yard =3t 51 : |51 — 82| 81+ 82
E ¢ Imile =16 km e 1ft=12inches \f-) R,—)
i ¢ Tmile =1760 yards ¢ linch = 2.564 cms Same direction ~ Opposite direction
NOTES @ # Example: A train 120 m long, moving at 54 km/h, crosses another

train 180 m long moving at 36 km/h in the opposite direction. Time
taken for the two trains take to completely cross each other:

* [L, =120m, s, =15 m/s] = [L, =180m, s, = 10m/s]

= Relative speed = (15 +10) = 25 m/s

= Distance to cover = (120 + 180) = 300 m

= Time = Distance / relative speed = 300/25 = 12 seconds

15-minute
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/ Circular Tracks E3Track Length (L) = 2xmxr

-@- 1 -@- !
B ////— N \\\\ A B ///” ‘ \\\\
9 ] o o
z // Sg Sa \\ // Sg Sa %
] / \ / o
5 ] \ ] @
prr} ] o ! ! ® =
= W ' jo !
(=] \ I ] \ I =4
w \ r / \ r ﬁ
s N | ¥ i o
< 3 I 2 3 I d
. > P BN L S
N Sl 7’ N ~—_1 -
-1 »” . =
N— = N——— o~ —
(2xmxr)+3 (2xmxr)+3

NOTE: Points 1, 2, 3 mark successive relative positions where
‘ meetings can occur
e Time to first meeting e Time to first meeting

L L

T = T— =
Sq 1+ Sp

|3a - sb‘

Meeting point (distance d
from start) = Tx s,

» Meeting point (distance d |
from start) = Tx s,

Number of meeting
points = sa + sp

e Number of meeting .
points = |sa - sgl

K If A takes t, sec and B takes tg sec for one lap, both meet at
start again after LCM(ta, tg) sec.

/Boats

= Boat speed — B = Stream speed = W

« Downstream speed (D) = (B + W) = moving in stream’s direction

EJI: Same distance travelled » distance =L

e Upstream speed (U) = (B - W) > such that B>W 9
I
If downstream and upstream speeds N ID
are known: | W)
D+U | D-U T (s )
B= a9 | W= 9 B| s boat

when }

I

I

$

Time taken Downstream vs Upstream

L | L | T (B+W)
Tdoum e I Tup = I
B+W I B-W | Tdown (B_W)
?
Difference vs Sum of Time taken ooy
2xX LxW | 2xLxB
Tup — Tgown = P2 12\ | Tup + Tgoun = T2 172y
(B> —W?) | (B> —W?)
E3Ii: Different distance 1 If upstream and downstream
travelled — distance = L,,L, | timesare given and the time
taken in still water needs to be {4

If L, , downstream and L,
upstream:
L, L,

T =
B+W+B—W

found then, use:

1 1( 1,1 )
Tstill 2 Tup Tdown

# Example: Two runners A and B run on a circular track of length
600 m in the same direction. The ratio of their speedsis 5: 3. If they
meet for the second time after 450 seconds, find the speed of the
faster runner.

¢ Second meeting = faster runner has gained 2 full laps over the
slower runner = 2 x 600 = 1200 m

* Relative speed = (5k - 3k) = 2k = 2k x 450 = 1200 = k = 4/3

e Faster runner — 5k = 5 x (4/3) =20/3m/s

/Escalators [Rare]

Effective Speed (s) = Person’s Speed (p) + Escalator Speed (e)
Time (t) = Total Steps (N) + Effective Speed (s)

o (+)when person moves in direction of escalator

 (-) when person moves against direction of escalator

Sayali Kale

GMAT FE 100%iler

o GMATPoint

# Example: A boat travels a certain distance downstream in 3 hours
and returns upstream along the same route in 5 hours. If the speed
of the stream is 2 km/h, what is the speed of the boat in still water?

e Boat speed in still water = B
e Stream speed = W = 2 kmph
¢ Downstream speed = (B + 2)
¢ Upstream speed = (B - 2)

Since distance is the same both ways:
3x(B+2)=5x(B-2)=>3B+6=5B-10=2B=16=B=8kmph

Distance = Downstream
speed x time taken
= (B+2)x3=30kms
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/Linear Equations

/"M EXPONENTS & ROOTS | LOG

! Approach

e x-intercept:
______ p = Sety =0, solve for x
e y-intercept:

J(axb)=vax/b
e J/(a/b) =va /b (whereb =

e QM x Qn = qgm+n

e Qgm=+qn=gmn

0 Slope (Gradient)

- m= (Yz - Y1)/(X2 - X1)

e (am)n=qgmn 0)  Horizontal line: m = 0 — Set x = 0, solve fory

e a°=1(wherea=0) * (Va+/b)(Va-vb)=a-b — (equation: y = k) ¢ Line through origin:

e am=1/am + (Va+vb)*=a+b+2/(ab) * Vertical line: m = undefined —y=mx(b=0)

e (ab)m=amx pm — (equation: x = k) o Finding equation from
e (a/b)m=am[pm e n/(ab) =n/axn/b « Parallel lines: m, = m, two points:

a.Find m = (y2 - y1)/(x; -

e n/(afb) =/a["/b » Perpendicular lines: m; x m, =
s Im=1 e ("a)m=n/(am) = gm/n -lorm, = -1/m, x)
e (-)m=1(m—even) o n/m/q=mn/q b.Usey -y:=m(x-x)
. Z:]ém — odd) s am=n/a ° « Slope-intercept Form:y = mx + b A Gl
— where m = slope, b = y-intercept ]
/(a?b) = a/b (where a2 0) —--g0 « Point-Slope Form:y -y, = m(x - x;)
Important concepts V/(a/b) = /al/b — m = slope, (x;, y1) = point on line Ay=yz=u

1/(Va+v/b) =(/a-b)/(a-b)
1/(Va-vb) = (Va+/b)/(a-b)
1/(a +v/b) = (a-v/b)/(a?- b)

1.Exponential Equations
e [fam=a"thenm=n
(fora=0,1,-1)
e Ifam=bm thena=Db
(form # 0, m = odd)
2.Power Comparisons

o Standard Form: Ax + By = C N
— where A, B, C are integers, A > 0 ("""‘“"_-
« Intercept Form: x/a + y/b =1 _
— where a = x-intercept, b = y- Lo

intercept —s >

3.Roots Comparison
e Fora>0,b>0:ifa>b,then

e Fora>1lifm>n,then

n/a>n/b (fornz1)

r
1
1
1
1
1
1
1
1
1
I
I
I
i
m>gn imati /7 Quadratic Equations |
am>aq ‘ 4.Useful Approximations ! Q q _b++VD
* ForOc<actifm>n, * V2=1414 i General Form: N = ——
then am < gn e /321732 : e ax?+bx+c=0— q:Oo___' 2a
¢ /6=2236 ! ° e y=alx-r)(x-r) —r,r,=roots — Discriminant: D =b?-4ac
1 ¢ D> 0: Two distinct real
i Important concepts roots
oo gt vl b ovrs o
e log,q=x i e e D <0: Two complex
v_v)her)e:o Ao ! 1 For ax? + bx + ¢, the minimum roots
p>bandp 1 (if @>0) or maximum (if a<0) — Perfect square trinomial:
~q>0 : occurs at: o X2+ 2mx +m? = (x+ m)?
* log 2= 0.301 i * x = -b/(2a) o x2-2mx+m?=(x-m)?
o log3=0.477 : And the value at that point is: — Difference of squares:
+ log5 = 0.699 I * minfmaxvalue=c-b?[(4a) « x2-m2=(x+m)(x-m)
+ log7~0845 I
i
Fundamental Laws Identities i Possible Outcomes
¢ logamn =log.m + log. n e log.a=1 ] ! Approach 1.0ne unique solution:
* log. (m/n) =logam=-logan » log.1=0 I ,i Mostequations canbe reduced i} _, . ciniarsect at one point
e log.mn=n xlog.m e Qlogx =x to the following form: — Condition: a /b Zda /b
. |oga m = |ng m / |ogx a . |Oga ak =k = OqX + b1y =C = OX + bzy =C3 - (Slopes C"..e d1iffe1rent'2m 2: m )
e logam=1/logma ¢ logs (1/x) = -loga . T
+ log.m =logm / log a e Inex=x—(e=2718) Solving by Elimination: 2.Infinitely many solutions:
« logma=1/logsm o« ex=y SIJ ; Y ” : — Lines are identical (coincident)
* Multiply eql.Jo.tlons to get — Condition: a;/a, = b,/b, = ¢4/c,
same coefficient for one )
Useful for Equations —Fora>l variable S.No solution:
- Iflog.m =log.n,thenm=n * Ifx>y>0, thenlog.x > « Add/subtract equations to —> Lines are parallel (never
= Ifloga m > loga n, then: loga y eliminate that variable Intersect)
. Foras>lmosn ¢ log.x>0&x>1 — Condition: a,/a, = b,/b, = ¢,/c;
e l0gax<0&0<x<]

e ForO<a<lm«<n
—ForO0<axl

e Ifx>1,thenlogax <0

e IfO<x<1 thenlog.x>0
e Ifx=1thenlog.x=0

—ForO<ac<l

e Ifx>y>0, thenloga.x <
logay
logax>0&0<x<]

e logax<0&x>1
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(o4 INEQUALITIES

_If a> b, then:

foranyrealc,a+c>b+c
c>0,thenac > bc
c<0,thenac < bc
c>0,thena/c>bfc
c<0,thena/c<bfc

— Transitive Property

Ifa>bandb>c,thena>c

— Chaining Inequalities

Ifa>bandc>d, thena+c
>b+d

! Note: a > b and ¢ > d does
NOT guaranteea-c>b-d

. Absolute Value

Xl <a©-a<x<a—(a>0)
Xl ca&-as<x<a
XI>a&x<-aorx>a
Xl2a©x<-aorxz2a

Important Cases
e x*20 V realx
e a’+b?>20Vrealab
e a?2+b?2=0iffa,b=0

Ix-al<b&a-b<x<a+b

x-al>b&x<a-borx>a+b

la x bl = |al x |b|
la/bl = lal / bl (if b = 0)
la+ bl <lal + bl

llal - Ibll < |la - bl < [al + |b|

Mean Inequalities

— Fora,b>0:

AM (Arithmetic Mean): (a +
b)/2
GM (Geometric Mean): v/ (ab)

HM (Harmonic Mean): 2/(1/a +

1/b) = 2ab/(a+b)

— Inequality: AM 2 GM 2 HM

Equality occurs whena =b

. For Quadratic Inequalities:
1.Find roots — set expression

=0

2.Plot roots on number line
3.Test each interval —

Determine sign pattern

Algebraic Identities

(a+b)2=a?+2ab + b?
(a-b)2=az-2ab + b?
a?-b?=(a+b)la-b)

e X020 (n21)
e Ifx>0,then x>0
e Ifx<0,thenx*** <0

e ForO<x<1:

- Xx? < x (square is smaller)
e Forx>1:

- x?>x (square is larger)

e [fO<x<landn>0:
>xn<xforn>1
»>x">xforO<n<1

e ForO<x<1:
»>1/x>1and 1/x>x

e Forx>1:
>0<1/x<land1/x<x

1 Common Mistakes

Mistake 1: Squaring both sides carelessly

e Correct:Ifa> b 20, then a2 > b?

e Correct:If 0 2a > b, then a2 < b?

* Incorrect: If a > b (signs unknown), then a2 > b2
— Counterexample: 1> -3 but 12 =1< 9 = (-3)2

Mistake 2: Multiplying inequalities without sign
knowledge
» Allowed: If a > b and ¢ > d and all are positive, then
ac > bd
e NOT Allowed: If signs are unknown, cannot multiply
inequalities directly
— Counterexample: 3> 1and -2 > -4, but 3x(-2) = -6 <
1x(-4) = -4

Mistake 3: Incorrect chain subtraction

e WRONG:Ifa>bandc>d,thena-c>b-d
— Counterexample: 5 > 4 and 3 > |, then 5-3 = 2 and 4-1
= 3,50 2 < 3 = inequality reverses

Mistake 4: Taking reciprocals without considering signs
« Rule: For positive numbers: a > b > 0=1/a <1/b
« Rule: For negative numbers:a<b<0=1/a>1/b

Mistake 5: Forgetting the "Or" in absolute value
inequalities

e WRONG:[x|>4=x>4

e CORRECT: x| >4=>x>40Rx< -4

# Example: (x - 2)(x +3) > 0

—————m—————— -@--=-=-=- =>
(=00,-3) (-3,2) (2,)
(+] (-]
X =A—4 x= 0 X = 3
Test i\/alue

(a+b+c)2=a?+b?+c?+2ab + 2bc + 2ca

(a+b)*=0a2+ b+ 3ab(a + b)
(a-b)*=0a?-b?-3ab(a-b)
a*+b*=(a+b)(az-ab + b?)

a®*-b®=(a-b)(a2+ab + b?) 0':
=ditheneither:(1)a+b+c=0

(a + b)2 2 4ab for all real a,b

a2 + b? 2 2ab (since (a - b)2 2 0)
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Mistake 6: Assuming variables are positive (+ve)
« Always test: negative, zero, positive fractions, and
positive integers.

If a®+ b®+c®-3abc =0,

OR()a=b=c
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_ Arithmetic Progression (AP)
« difference (d) between consecutive terms is constant

General Term I

|

an=a1+ (n—1)d |
where: !

= d - common difference
= a, — first term of the series

Sum of First n Terms

= 5[2a1 + (n—1)d]

* n = number of terms
* a, — last term of the series

Sn

NOTE: AM = (a + b)/2 Alternate formula:

|
|
|
e [|f three numbers are in AP: |
|
|
|
1

g n
a-b=b-c=>2b=a+c "_5[a1+an]

— Sum of first n natural numbers:
n(n+1)

14+24+3+...4+n = 5

0 . Geometric Progression (GP)

 each term is multiplied by a constant ratio (r)

General Term Sum of First n Terms

|

|

|

| n n

1 rv —1 1—7r

an=a1><’l“n1|5n=a1% OR 01%

i — —r
where: ! N (T )/ N J
*d —> common difference | . " 4 whenr<1

= n = number of terms

when n=(e) and |r] <1
NOTE: 6M = /(ab) (=)

|

|

I

* Ifthree numbers arein !
GP:a/b=b/c=>b*=ac |

1

ai

S. =
o 1—7r

— Sum of squares of first n natural numbers:
n(n+1)(2n+1)

12422 4+3%+... 402 =

6
— Sum of cubes of first n natural numbers:
nn+1)12
1342343354 . 40 = [%]

— Sum of first n odd and even numbers:
1+3+5+...+2n-1)=n" @
24+4+6+...+2n=n(n+1)

. Harmonic Progression (HP) [less common on GMAT]
¢ the reciprocal of each term forms an AP

General Term

NOTE: HM = 2ab/(a + b)
1 « If three numbers are in HP: 1/a -

o ¥ (n—1)d 1/b=1/b-1/c=2/b=1/a+1/c

where: * d = common difference = n — number of terms

! Fibonacci-type Sequences:
Fn=Fnq + Fn with Fi= ], F, = 1
Sequence: 11,2 3,5, 8,13, ..

Typical Question Formats

! Triangular Numbers:
To=1+2+3+._.+n=n(n+1)/2
Sequence: 1, 3, 6,10, 15,21, ...

# Type 2: Geometric series applications

Q: A ball drops from 128m height, rebounds
to half its previous height each time. What is
the total distance traveled till rest?

= Downward: 128 + 64 + 32 + ... infinite GP

= Upward: 64 + 32 + 16 + ... infinite GP

= Downward sum =128/(1 - 0.5) = 256m

= Upward sum = 64/(1- 0.5) =128m

.. Total = 256 + 128 = 384m

# Type 1: Summation with conditions

Q: If the sum of first 20 terms of an AP is 420,
and the sum of first 30 terms is 930, then find
25th term.

= S = 20/2 x [2a +19d] = 420 = 2a + 19d = 42
= S30 = 30/2 x [2a + 29d] = 930 = 2a + 29d =
62

= Subtract:10d=20=>d=2,a=2
-'-025=G+24d=2+48=5°

o GMATPoint
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= COUNTING & PROBABILITY ! Special Cases
D-’ — Handshakes: Number of handshakes among n people

if each shakes once: C(n, 2) = nx(n-1)/2

— Counting Principle: If one event can occur in m ways, and a - Diagonals: Number of diagonals in an n-sided

second event can occur in n ways, then both events together polygon: nx(n-3)/2

can occur in: m x n ways [Ex: 3 shirts x 4 pants = 12 outfits.] — Path Counting in a Grid: Number of paths from
bottom-left to top-right in mxn grid: C(m+n, m) or

— Basic Permutation: Number of ways to arrange r objects c(m+n, n)

from n distinct objects: P(n, r) =n! [ (n-r)! #Example: 3x4 grid: C(7,3) = 35 paths.
#Example: 3 books from 5: P(5,3) = 5!/(5-3)! =5 x 4 x 3 =60

— Permutations with Repetition Allowed: If you have n objects ! Important Outcomes
and choose r with repetition allowed: nr arrangements 1. Probability with “At Most” [ “At Least”

#Example: 3-digit code with digits 0-9: 10° = 1000 * P(at most k) = P(0) + P(1) + .. + P(k)
e P(atleastk) = P(k) + P(k+1) + .. + P(n) OR[1-

— Permutations of Identical Objects: If there are n objects with p P(all failures)] N .
identical of type 1, q identical of type 2, and r identical of type 3, #Example: Probability at least one heads in 3 tosses: 1 -
then the number of distinct arrangements: n! [/ (p! x g! x r!) (1/2):=7/8

\ 4

2. 0dds vs. Probability

e 0Odds in favor of A = P(A) : P(not A) °
e Odds against A = P(not A) : P(A)

e If odds in favor = m:n, then P(A) = m/(m+n)

3. Binomial Probability (Fixed n, Independent Trials)

» P(exactly k successes) = C(n, k) x pk x (1-p)n-*
#Example: 5 coin tosses, exactly 3 heads: C(5,3) »
(1/2)*x (1/2)2=10 x 1/8 x 1/4 = 5/16

4. Geometric Probability (First Success on k-th Trial)
o P(first success on k-th trial) = (1-p)«' x p
#Example: First heads on 4th toss: (1/2)® x (1/2) = 1/16

#®Example: Arrange "MISSISSIPPI": 111/ (41 x 41 x 21) = 34,650

— Basic Combination: Number of ways to choose r objects from
n distinct objects: €(n, r) = n! [ [r! x (n-r)!]
#Example: 3 students from 10: C(10,3) = 10!/(3!x7!) =120

— Combination Properties
=c(nr)=c(n,nr) =c(n,0)=c(nn)=1 =c(n1)=n
= Cc(n,r) =c(n-1,r) + c(n-1, r-1) (Pascal's Rule)

— Choosing Multiple Groups: The number of ways to divide n
distinct items into Group 1: r items, Group 2: s items, Group 3:
remaining titems (wherer +s +t=n)is:

=c(n,r) xC(n-r,s) x C(t, t) = nt/(r x st x 1)

A 4

! Selection Without Replacement

Probability of getting exactly k successes in n draws
when drawing without replacement from a finite
population where:

= Total items: N

= Total successes in population: K

= Total failures in population: N - K

Circular Arrangements
» Ways to arrange n distinct objects in a circle: (n-1)!
« If clockwise/counterclockwise are identical: (n-1)1/2

Arrangements with Restrictions

¢ Fixed Positions: k specific items in fixed positions, arrange
remaining (n-k) items: (n-k)! ways

¢ |tems That Must Be Together: Treat the group as 1 “super
item”: (m+1)! x k! (where m = other items, k = items in the
group)

¢ Items That Must Not Be Together: Total arrangements -
arrangements with them together: n! - [(n-1)! x 2!]

PROBABILITY
General format:

P(A) = Favourable Outcomes + Total Possible Outcomes
=Range: 0 <P(A) <1 = Impossible event: P(A) = 0

[C(K,k) x C(N — K,n— k)|

* P . C QN, n23 °
Example: Committee selection problems — A

company has 8 men and 6 women. If a 5-person
committee is chosen randomly, what is the probability it
contains exactly 3 women?

* N =14 total people (8M + 6W)

e K =6 women (our "successes”)

e n =5 people chosen

e k=3 women wanted

=>pP=[c(6,3) xC(8,2)] +c(14,5)

= [20 x 28] + 2002

=560 + 2002 = 280 + 1001 = 0.2797 (*28%)

* Complement Rule: — P(not A) =1- P(A)

o
#Example: If rain probability = 0.3, then no rain =1- 0.3 = 0.7
* Mutually Exclusive Events: — P(A or B) = P(A) + P(B) NOTES @
#Example: Draw a heart or spade from a deck: 13/52 + 13/52 =
26/52=1/2

* Non-Mutually Exclusive Events: — P(A or B) = P(A) + P(B) - P(A
and B)
#Example: A heart or king: 13/52 + 4/52 - 1/562 = 16/52 = 4/13

* Independent Events: — P(A and B) = P(A) x P(B)
#Example: Two coin tosses, both heads: (1/2) x (1/2) = 1/4

» Conditional Probability: — P(A|B) = P(A and B) / P(B)
#Example: Probability of heart given card is red: (13/52) +
(26/52) =1/2

5o GMATPoint
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- Measures of Central Tendency

1. Mean (Average) = (Sum of all values) / (Number of values)

o Weighted mean = (WX, + WoXp + ... + WnXn) [ (W1 + W + .. + Wp)

e If Group A has mean M, and size n,, Group B has mean Mg and size
ng, then combined mean = (NaMa + ngMg) [ (Na + Ng)

2. Median = Middle value when data is arranged in ascending/
descending order

« For odd n: Median = Middle term [position (n+1)/2]

« For even n: Median = Average of n/2th and (n/2 + 1)th terms

3. Mode = Value that appears most frequently
* A set can have no mode, one mode (unimodal), or multiple
modes (bimodal, multimodal)

! Relationship between Mean-Median-Mode

Mean _
Median Median
Mode
! Mean— Mode
] [}
]
] ]
I ]
Positive Symmetrical Negative
Skew Distribution Skew

e For symmetric/ no skew: Mean = Median = Mode
* For skewed right (positive): Mean > Median > Mode
* For skewed left (negative): Mean < Median < Mode

_ standard deviation (o or SD) — tells how far the values in the
dataset are from the mean.
1.Clustering:
e Small o: Data clustered near mean
e Large o: Data spread out from mean
¢ Same mean, different c: Flatter curve = larger o
2.Empirical Rule (in Normal Distribution):
e Within 1SD of mean: *68% of data
e Within 2 SD of mean: *95% of data
e Within 3 SD of mean: #99.7% of data
3.Adding or Subtracting Constant: If each value % k, mean changes
by zk, SD unchanged
4.Multiplying or Dividing by Constant: If each value * k, mean and
SD both multiplied by |kl
! GMAT Trap: SD is always 2 0. If SD = 0, all values are identical.

- Range = Max value - Min value — used for quick spread
comparison (often tested with outliers)

Limitation:

¢ Depends only on extremes

¢ Easily distorted by one value

# Example: {2, 3, 4,5, 5,
8,9,15} = Range =13

/ Strategies for Data Sufficiency
1.For Mean questions — need either:
¢ Sum and number of terms, OR
¢ Relationship allowing calculation
2.For Median questions — need exact
position and values around it
3.For SD questions (often tested
conceptually) = remember:
e Adding same number k to all terms — SD
unchanged
e Multiplying all terms by k — SD multiplied
by Ikl

O--
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