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WINS.SOLUTIONS - APTITUDE

Quantitative Aptitude
Formulas for Placement Tests

The quantitative sections of placement aptitude tests draw on a familiar set of topics, and
many of their questions reduce to a few formulas. This sheet collects those formulas by

topic, with one worked example each so you can see them applied.

Formulas save time only when you know why they work. Try to derive each one once from
first principles: if you forget it under time pressure, you can still reason your way to the
answer. Throughout, x means multiply, / meansdivideand » means "to the power of",

so (1 + R/180)*n is (1 + R/100) multiplied by itself ntimes.

Percentages

To find Formula
x% of N N x x/100
Aas apercentage of B A/B x 100

Percentage change (new - old)/old x 100
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To find Formula
Nincreased by x% N x (100 + x)/100
N decreased by x% N x (100 - x)/100

Net change after successive changesof a + b + a x b/100 (use anegative value
a% and b% foradecrease)

Aisx% morethanB,soBislessthanAby  x/(160 + x) x 100 %

Aisx%lessthanB,soBismorethanAby  x/(160 - x) x 100 %

Value afternyears of r'% growth ayear P x (1 + r/100)"n
Value afternyears of r'% depreciationa P x (1 - r/100)"n
year

The same idea covers price and consumption: if a price rises by x%, consumption must fall
by x/(1080 + x) x 100 % to keep spendingunchanged. If the price falls by x%,
consumptioncanriseby x/(100 - x) x 100 %.

Knowing common fractions as percentages speeds up most of these calculations (values

rounded to two decimal places):

Fraction Percent Fraction Percent
1/2 50% 1/8 12.5%
1/3 33.33% 1/9 11.11%
174 25% 1/10 10%

1/5 20% /M 9.09%
1/6 16.67% 1/12 8.33%
1/7 14.29% 1/16 6.25%

Percentage points are not percent

If araterises from10% to 12%, it has risen by 2 percentage points, whichis a
20% increase. Check which one the question asks for.
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Worked example. The price of sugarrises by 25%. By what percentage must a family

reduce its consumption so that its spending stays the same?

Reduction= 25/(100 + 25) x 100 =25/125x100=20%. Check: ataprice of 100 perkg, 1
kg costs 100. At the new price of 125 perkg, 0.8 kg costs 100, whichis 20% less sugar.

Profit, loss and discount

CPisthe cost price, SP the selling price and MP the marked (list) price. Profit and loss

percentages are calculated on CP; discount percentages are calculated on MP.

To find Formula

Profit SP - CP

Loss CP - SP

Profit % Profit/CP x 100

Loss % Loss/CP x 100

SP, given CP and profit % CP x (100 +
Profit%)/100

SP, given CP andloss % CP x (100 - Loss%)/100

CP, given SP and profit % SP x 100/(100 +
Profit%)

CP, given SP andloss % SP x 100/(160 - Loss%)

Discount MP - SP

Discount % Discount/MP x 100

SP afteradiscount of d% MP x (100 - d)/100

Single discount equal to successive discountsof d1%and  d1 + d2 - d1 x d2/100
d2%

Profit % when marked up m% above CP and sold ata d% m-d-mx d/100
discount
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To find Formula
MP needed for a profit of p% after a discount of d% CP x (100 + p)/(100 -
d)

Twoitems sold at the same SP, one at x% profitand oneat  overallloss of x2/100 %

x% loss
Dealersells at cost price but gives W' grams forevery W gain%= (W - W)/w x
grams 100

Worked example. A shopkeeper marks goods 40% above cost price and offersa10%

discount. Whatis the profit percentage?

Usingm-d-mx d/100 :40-10-(40x10)/100=40-10-4=26%. Check withCP =
100:MP =140, SP =140 x 0.9 =126, so the profitis 26 on a cost of 100.

Simple and compound interest

Pis the principal, R the rate percent peryear, T ornthe timeinyears, and Athe amount

(principal plus interest).

To find

Simpleinterest

Amount with simple interest
Amount, compounded yearly
Amount, compounded half-yearly
Amount, compounded quarterly
Compoundinterest

Differentratesin successive years

Clminus Sl for 2 years

Clminus Sl for 3years

Formula

SI = P x R x T/100

A =P+ SI

A =P x (1 + R/100)"n

A =P x (1 + R/200)"(2n)

A =P x (1 + R/400)~(4n)

CI=A-P

A =P x (1 + R1/100) x (1 + R2/100) x
P x (R/1060)?2

P x (R/160)2 x (3 + R/100)
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To find Formula

Rate at whichasumdoublesinTyears at R = 100/T
Sl

SumbecomesktimesinTyears at Sl Rx T =100 x (k - 1)

At compound interest, if asum becomesx timesitselfinnyears,itbecomes x2 timesin2n

yearsand x*® timesin3nyears.

Worked example. Find the difference between compound and simple interest on 25,000

for2yearsat 8% ayear.

Using P x (R/1008)2 :5,000 x(8/100)2=5,000 x 0.0064 =2332. Check: SI=5,000 x 8 x
2/100 =2800. The compound amount is 5,000 x 1.082=5,000 x 1.1664 = 25,832,s0 Cl =
2832,and 832 -800=332.

If aquestion does not say how interestis compounded, assume yearly. Convert months to
years before substituting (? monthsis 0.75 years), and for half-yearly or quarterly

compounding change both the rate and the number of periods.

Ratio, proportion and averages

Ratio and proportion

To find Formula
Combinea:b=m:nandb:c=p:q a:b:c = mxp : nxp : nxq
Splitanamount Sin theratio a:b S x a/(a +b) and S x b/(a + b)
a:b=c:d(aproportion) axd=Dbxc

Fourth proportionaltoa,bandc b x c/a

Third proportionaltoaandb b%/a

Mean proportionalofaandb V(a x b)

Averages and mixtures
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To find Formula

Average sum of values/number of
values

Average of the first n natural numbers (n + 1)/2

Average of evenly spaced numbers (first + last)/2

Combined average of two groups (n1 x al + n2 x a2)/(n1 +
n2)

New memberjoins a group of nand the averagerises newmember= old average +
by k (n+1) xk

New memberjoins a group of nand the averagefalls newmember= old average -
by k (n + 1) x k

One of nvaluesisreplaced; the average changesby  (new value - old value)/n

Alligation: mixitems priced c (cheaper) and d (dearer) cheaper:dearer= (d - m) :
togetameanpricem (m - ¢)

Worked example. The average age of 30 studentsis 15 years. When the teacher's ageis
included, the averagerises by 1year. How old is the teacher?

New member =15+ (30 + 1) x 1 =46 years. Check: the students' ages total 30 x 15=450.
With the teacher, the totalis 31 x 16 = 496, and 496 - 450 = 46.

Time and work

If someone completesajobinadays,theydo 1/a ofiteachday. Addrates, not days.

To find Formula

One day's work of A, who finishes alone ina days 1/a

Time forAand B together ax b/(a+ b)

Time for A, Band C together axbxc/axb+bxc+ec

x a)
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To find Formula

Time for B alone, if Atakes adays and Aand B ax x/(a- x)

togethertake x days

Same kind of work done by different teams M1 x D1 x H1/W1l = M2 x D2 x
H2/W2

Aisktimesas efficientasB Atakes 1/k of B'stime

In the team formula, Mis the number of people, D the days, H the hours per day and W the
amount of work. When people are paid jointly fora job, the paymentis splitin the ratio of the
work each one did.

Afaster method than fractions: take the total work as the LCM of the individual times. Each

person's daily work is then a whole number of units.

Worked example. A can finishajobin12 days and Bin 18 days. They work together for 4
days, then Aleaves. How many more days does B need?

Take the totalwork as LCM(12,18) = 36 units. Adoes 36/12 = 3 units aday and B does 36/18 =
2.In4 days togetherthey complete 4 x 5 =20 units, leaving 16. B needs 16/2 = 8 more days.

Pipes and cisterns

These are time and work problems where emptying counts as negative work. Aninlet that
fillsatankinahoursadds 1/a of the tank perhour; anoutlet that emptiesitinb hours
removes 1/b .

Situation Time
Twoinlets taking a and b hours a x b/(a + b) tofill

Inlet taking a hours, outlet taking b hours,with  a x b/(b - a) tofill
b >a

Inlet taking a hours, outlet takingb hours, with  a x b/(a - b) toemptyafulltank
b <a

Pipe fillsin a hours alone but takes t hours the leak alone empties afulltankin a x
because of aleak t/(t - a)
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Situation Time

Any number of pipes addtherates, counting outlets as
negative

Worked example. Pipes Aand B fillatankin 20 and 30 minutes, and pipe C emptiesitin15

minutes. If all three are opened on an empty tank, how long does it take to fill?

Take the tank as LCM(20, 30, 15) = 60 units. A adds 3 units a minute, Badds 2 and C removes
4, sothenetrateis3+2 -4 =1unitaminute. The tank fills in 60 minutes.

Speed, distance and time

Here xandy are speeds, L lengths and t times.

To find Formula

Distance speed x time

km/htom/s multiply by 5/18

m/s to km/h multiply by 18/5

Average speed total distance/total time
Average speed over two equal distances atxandy 2 x x xy/(x +y)
Relative speed, same direction X -y

Relative speed, opposite directions X +y

Train of length L passes a pole or a standing person time= L/speed

Train of length L passes a platform orbridge of lengthP  time= (L + P)/speed

Trains of lengths L1and L2 pass each otherinopposite  time= (L1 + L2)/(x + y)
directions

Trains of lengths L1and L2 pass each otherinthesame  time= (L1 + L2)/(x - y)
direction (x faster)

Two objects start towards each other and, after X 1y = V2 @ Vi1
meeting, take t1 and t2 to finish

wins.solutions - page 8 of 16



To find Formula

Same distance, speedsintheratioa:b timesintheratio b : a
At speedxyou arrive tllate; at afaster speedy you distance= x x y x (t1 +
arrive t2 early t2)/(y - x)

Average speed is not the average of the speeds

Going somewhere at 40 km/h and returning at 60 km/h gives an average of 48
km/h, not 50, because you spend longer at the slower speed. Use total
distance overtotal time.

Worked example. A200 mtrainrunning at 72 km/h crosses a 250 m platform. How long

doesit take?

72km/h=72x5/18 =20 m/s. The train must coverits own length plus the platform: 200 +
250=450m.Time =450/20 =22.5 seconds.

Boats and streams

uisthe boat's speedin stillwater and v the speed of the stream, with v > v .

To find Formula
Downstream speed U+ v

Upstream speed u-v

Speed in still water (downstream speed +

upstream speed)/2

Speed of the stream (downstream speed -
upstream speed)/2

Time foraround trip of distance D eachway 2 x u x D/(u? - v2)

Going upstream takes k times aslong as going u:vs=(k+1): (k-1)
downstream over the same distance
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Worked example. Aboat covers 24 kmm downstreamin 2 hours and returnsin 3 hours. Find

its speed in still water and the speed of the stream.

Downstream speed =24/2 =12 km/h and upstream speed = 24/3 = 8 km/h. Speed in still
water=(12 +8)/2 =10 km/h, and the stream's speed = (12 - 8)/2 =2 km/h.

Permutations and combinations

Use permutations when order matters (arrangements, rankings, codes) and combinations

whenit doesn't (teams, committees, selections).

To find Formula

Factorial n! =nx(n-1) x . x 2 x 1,
and 0! =1

Arrangements of ritems chosen fromn nPr = n!/(n - r)!

Selections of ritems fromn nCr = n!/(r! x (n - r)!)

Useful identities nCr = nC(n - r) , nPr = nCr x
r! , nCr + nC(r - 1) = (n +
1)Cr

Arrangements of nitems with p, gandridentical nt/(p! x gq! x r!)

items of three kinds

ndistinctitemsina circle (n - 1)!
ndistinctitemsin a circle where clockwise and (n - 1)1/2
anticlockwise count as the same (necklace,

garland)

ndistinctitemsinarow withrparticularitems (n-r+1)! x p!

always together

Selecting atleast one item from n distinctitems 2°n - 1
Handshakes amongnpeople nC2 = n x (n - 1)/2
Diagonals of a polygon with n sides nx (n-3)/2
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To find

nidenticalitems shared amongrpeople, zero

allowed

nidenticalitems shared amongrpeople, at least

one each

Formula

(n+r -1)C(r - 1)

(n - C(r - 1)

When a task happens in steps (this and then that), multiply the counts. When there are

separate cases (this or that), add them.

Worked example. A committee of 3menand 2 womenis chosen from é menand 5 women.

How many different committees are possible?

Men: 6C3 = 6!/(3! x 3!) = 20 .Women: 5C2 = 5!/(2! x 3!) = 10 .Bothchoices must

happen, so multiply: 20 x 10 =200.

Probability

Forequally likely outcomes, P(E) = favourable outcomes/total outcomes ,whichalways

liesbetweenOandl.

Rule
Complement
Atleastone

AorB

Aor B, whenthey cannothappentogether
(mutually exclusive)

A and B, when one does not affect the other
(independent)

A, giventhat B has happened

Oddsinfavourof a:b

Formula

P(not E) = 1 - P(E)

1 - P(none)

P(A or B) = P(A) + P(B) - P(A
and B)

P(A) + P(B)

P(A) x P(B)

P(A and B)/P(B)

P=a/(a + b)
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Mutually exclusive and independent are different ideas: if two events each have a non-zero

chance, they cannot be both.
Sample spacesworthremembering:

e Coins.ncoinsgive 2”n outcomes.

* Dice. Onedie gives 6 outcomes, two dice 36, three dice 216. With two dice, asum of s

canbemadein s - 1 waysforsfrom2to7,and 13 - s waysforsfrom7tol12.

e Cards. Astandard deckhas 52 cardsin 4 suits of 13. There are 26 red cards (hearts and
diamonds), 26 black (spades and clubs), 12 face cards (jack, queen and king of each suit)

and 4 aces.

Worked example. Two cards are drawn at random, without replacement, from a standard
deck. What is the probability that both are aces?

Ways tochoose 2 aces: 4C2 = 6 .Waystochooseany?2cards: 52C2 = 52 x 51/2 =
1,326 .Probability = 6/1,326 =1/221. Check the otherway: (4/52) x (3/51) =12/2,652 =1/221.

Number system

Divisibility rules

Divisible

by Rule

2 the last digitis even

3 the sum of the digitsis divisible by 3

4 the number formed by the last two digitsis divisible by 4

5 thelastdigitisOor5

6 divisible by both2 and 3

7 double the last digit and subtractit from the number formed by the
remaining digits; repeat until small; the resultis divisible by 7

8 the number formed by the last three digits is divisible by 8

9 the sum of the digitsis divisible by 9
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Divisible

by Rule
10 the last digitis O
11 the sum of the digitsin odd places minus the suminevenplacesisOora

multiple of 11

12 divisible by both 3and 4

25 the last two digits are 00, 25,50 0r75

For otherdivisors, split them into co-prime factors and test each: anumberis divisible by 15

ifitis divisible by 3and by 5. Forexample, 364 is divisible by 7 because 36 - 2 x 4 = 28.

HCFand LCM
To find

HCF from prime factors

LCM from prime factors

Link between HCF and LCM (two numbers a and
b only)

HCF of fractions in lowest terms

LCM of fractionsinlowest terms

Largest number that divides a, b and c leaving
the same remainder

Largest number that divides aand b leaving
remaindersrlandr2

Smallest number above rleaving remainderr
when divided by x,y andz

Formula or method

multiply the lowest power of each
prime common to all the numbers

multiply the highest power of every
prime that appears

HCF x LCM = a x b
HCF of numerators/LCM of
denominators

LCM of numerators/HCF of
denominators

HCF of the positive differences a -
b,b-canda-c

HCF(a - rl1, b - r2)

LCM(x, vy, z) + r
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To find Formula or method

Smallest numberleavingremainders x - k , y LCM(x, vy, 2z) - k
- k and z - k whendividedbyx,yandz

Forexample, the smallest number above 3 that leaves remainder 3 when divided by 6, 8 and
12isLCM(6,8,12) + 3=24+3=27.

Remainders and last digits

e dividend = divisor x quotient + remainder ,wheretheremainderislessthan
the divisor.

e Theremainder of a sum or product equals the remainder of the sum or product of the
individual remainders. For23 x 17 divided by 5, the remaindersare 3and 2,and 3x 2= 6
leaves 1, so 391leaves remainder].

e Forawhole numberagreaterthanl, (a + 1)"n leavesremainder1when divided by a.

e Forthesamea, (a - 1)~n dividedbyaleavesremainderTwhenniseven,and a - 1

whennisodd.

* a’n - b”n isdivisibleby a - b foreveryn,andby a + b whenniseven. a*n + b”n
isdivisibleby a + b whennisodd.

e Fermat'slittle theorem:if pis prime and ais notamultipleof p, a*(p - 1) leaves
remainder1when divided by p.

The last digit of a power depends only on the last digit of the base, andrepeatsinacycle:

Last digit of the base Last digits of successive powers
0,1,5,6 always the same digit

2 2,4,8,6(repeatsevery 4)

3 3,9,7,1(repeats every 4)

4 4,6 (odd powers 4, even powers 6)
7 7,9,3,1(repeats every 4)

8 8,4,2,6(repeatsevery4)

9 9,1(odd powers 9, even powers 1)
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Foracycle of 4, divide the exponent by 4 and use the remainder as the positionin the cycle;

aremainder of O means the fourth position.

Factors, trailing zeros and series

If N = pra x g’b x rc withp,gandrprime,Nhas (a + 1) x (b + 1) x (c +

1) factors.

The sum of those factorsis (pA(a+1) - 1)/(p - 1) x (g*(b+1) - 1)/(q - 1) x
(rr(c+1) - 1/(r - 1) .

The number of zeros at the end of n!is the sum of the whole-number parts of n/5,n/25,
n/125 and soon. For100!, thatis 20 + 4 = 24.

Sum of the first nnaturalnumbers: n x (n + 1)/2 .Oftheirsquares: n x (n + 1) x
(2n + 1)/6 .Oftheircubes: (n x (n + 1)/2)2 .

Sum of the first nodd numbers: n? . Ofthe firstnevennumbers: n x (n + 1) .

Worked example. Find the remainderwhen 3221 isdivided by 5.

Powersof 3endin3,9,7,1,inacycle of 4. 21divided by 4 leaves remainder1,so 3721 ends

in 3, and any number endingin 3 leaves remainder 3 when divided by 5. Check with Fermat's

little theorem: 324 leavesremainderlwhendividedby5,so0 3220 = (374)~5 alsoleaves],
and 3721 = 3720 x 3 leaves1x3=3.

Squaresup to 30, cubes up to 15 and the fraction table in the percentages section are

worth knowing by heart. They turn many calculations into recognition, which saves time in

every topic on this sheet.

Before the test

Afew checks catch alot of avoidable mistakes:

Units. Convert between km/h and m/s, months and years, and minutes and hours
before substituting.

The base of apercentage. Profit and loss are on cost price, discount is on marked price,
and "Aisx% more than B" uses B as the base.

Average speed. Total distance over total time, never the average of the speeds.

Order. Decide whether order matters before choosing between permutations

and combinations.
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e "Atleastone". Usuallyfastestas 1 - P(none) .

* Options. Estimate the answer before calculating, and rule out options that are clearly

toolarge ortoo small.

* The final quantity. Many wrong answers are correct calculations of a different quantity,
such as compound interest instead of the amount, or the stream's speedinstead of
the boat's.
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