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1 Topic introduction
What it is, why it matters and how it is asked

The square root of a number N is the number that, multiplied by itself, gives N; the cube root is the number

that, used three times as a factor, gives N. So √5,184 = 72 because 72 × 72 = 5,184, and ∛13,824 = 24

because 24 × 24 × 24 = 13,824.

Exams rarely want long-division roots. They want you to recognise perfect squares and cubes instantly,

find a root from its last digit, handle decimals and fractions, and simplify surds such as √(7 + 2√10).

Why it matters in exams

Bank prelims include “√? = …” and “∛? = …”

items inside the simplification block every year.

SSC papers test the least number to add or

subtract for a perfect square, nested radicals

and given-value questions (√5 = 2.236).

Placement and CSAT questions use roots in

geometry: diagonals, ladders, square

formations and cube volumes.

Where it is used

Side of a square plot from its area, edge of a

cube from its volume.

Distances with Pythagoras: ladders, diagonals,

shortest paths.

Arranging people or plants in a perfect square

formation.

Common question patterns

Perfect roots

√ or ∛ of a large perfect square or cube.

Make it perfect

Least number to multiply, divide, add or subtract.

Decimals & fractions

√0.000729, √(1 27/169), ∛0.000216.

Given values

Use √2, √3 or √5 to evaluate another expression.

Surds

Rationalise, or write √(a + 2√b) as √x + √y.

Nested radicals

√(a + √(a + …)) or √(a√(a√a)).

Digit facts

Unit digit of a square, digits in a root, perfect-square

tests.

Applications

Ladders, diagonals, square formations, cube surface

areas.
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2 Important formulas
Cards marked MOST USED  are the ones to revise first

Basic facts

Idea Rule Example

Product √(ab) = √a × √b; ∛(ab) = ∛a × ∛b √(4 × 9) = 2 × 3 = 6

Quotient √(a/b) = √a ⁄ √b √(49/64) = 7/8

Undo (√a)2 = a; (∛a)3 = a (√13)2 = 13

Not additive √(a + b) ≠ √a + √b √(9 + 16) = 5, not 7

Sign √x means the positive root; ∛ of a negative is negative ∛(−27) = −3

A perfect square never ends in 2, 3, 7 or 8, and never ends in an odd number of zeros. Its digit sum (reduced to one digit)

is always 1, 4, 7 or 9.

Square roots

Prime factorisation method MOST USED

√N = product of one prime from every pair

Factorise, group equal primes in pairs, take one from each pair.

EXAMPLE 5,184 = 26 × 34 → √ = 23 × 32 = 72.

Least multiplier or divisor for a perfect square MOST USED

Multiply (or divide) by the product of primes left without a partner

Any prime with an odd power needs one more copy (multiply) or one fewer (divide).

EXAMPLE 1,176 = 23 × 3 × 72 → unpaired 2 and 3 → multiply by 6: 7,056 = 842.

Unit digit of a square

n ends in 1 or 9 → n2 ends in 1; 2 or 8 → 4; 3 or 7 → 9; 4 or 6 → 6; 5 → 5; 0 → 0

Read it backwards to get two candidates for the last digit of a root.

EXAMPLE A square ending in 6 has a root ending in 4 or 6 (e.g. 1,296 = 362).
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Number of digits in a square root

A perfect square with n digits has n ⁄ 2 digits in its root (n even) or (n + 1) ⁄ 2 (n odd)

Pair the digits from the right – one root digit per pair.

EXAMPLE 15,23,99,025 has 9 digits → its root has 5 digits (12,345).

Roots of decimals and fractions MOST USED

Make the decimal places even, take the root, then put back half as many places; √(a/b) =

√a ⁄ √b

Convert mixed numbers to improper fractions first.

EXAMPLE √0.000729 = √729 ⁄ √1,000,000 = 27 ⁄ 1,000 = 0.027.

Cube roots

Cube ends in 1 2 3 4 5 6 7 8 9 0

Cube root ends in 1 8 7 4 5 6 3 2 9 0

Prime factorisation method MOST USED

∛N = product of one prime from every group of three

Same as square roots, but group equal primes in threes.

EXAMPLE 13,824 = 29 × 33 → ∛ = 23 × 3 = 24.

Least multiplier for a perfect cube

Multiply by whatever completes every prime’s power to a multiple of 3

A prime with power 2 needs one more copy; power 1 needs two more.

EXAMPLE 3,087 = 32 × 73 → multiply by 3: 9,261 = 213.

Cube roots of decimals

Make the decimal places a multiple of 3, take the root, then put back one third of the

places

0.000343 has six places, so its cube root has two.

EXAMPLE ∛0.000343 = 7 ⁄ 100 = 0.07.
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Surds and given values

Standard values MOST USED

√2 = 1.414, √3 = 1.732, √5 = 2.236, √6 = 2.449, √7 = 2.646

Express the required root through one of these before calculating.

EXAMPLE Given √5 = 2.236: 1 ⁄ √5 = √5 ⁄ 5 = 2.236 ⁄ 5 = 0.4472.

Rationalising the denominator MOST USED

1 ⁄ (√a + √b) = (√a − √b) ⁄ (a − b); 1 ⁄ (√a − √b) = (√a + √b) ⁄ (a − b)

Multiply top and bottom by the conjugate – the denominator becomes a whole number.

EXAMPLE 1 ⁄ (√5 + √3) = (√5 − √3) ⁄ 2.

Square root of a surd MOST USED

√(a ± 2√b) = √x ± √y, where x + y = a and x × y = b (x > y)

Find two numbers that add to a and multiply to b.

EXAMPLE √(7 + 2√10): 5 + 2 = 7 and 5 × 2 = 10 → √5 + √2.

Nested and infinite radicals

Infinite plus radical MOST USED

√(a + √(a + √(a + …))) = n + 1, when a = n(n + 1)

Set the whole expression equal to x: x2 = a + x. Spot a as a product of consecutive numbers.

EXAMPLE √(12 + √(12 + …)): 12 = 3 × 4 → 4.

Infinite minus radical

√(a − √(a − √(a − …))) = n, when a = n(n + 1)

The minus version gives the smaller of the two consecutive numbers.

EXAMPLE √(20 − √(20 − …)): 20 = 4 × 5 → 4.
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Repeated product radical

√(a√(a√(a…))) to infinity = a; with n roots: a(2
n
 − 1) ⁄ 2

n

Three roots give a7/8, four give a15/16.

EXAMPLE √(2√(2√2)) = 27/8.

Applications

Squares, cubes and right triangles

Side = √area; diagonal = side × √2; edge = ∛volume; third side = √(c2 − a2)

Most geometry root questions use one of these four.

EXAMPLE A 25 m ladder with its foot 7 m from a wall reaches √(625 − 49) = 24 m up.

Square formations

People in a square = largest perfect square ≤ total; left over = total − that square

Find the square root, round down, then square again.

EXAMPLE 2,000 soldiers: 442 = 1,936 → 44 rows of 44 and 64 left over.
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3 Shortcut tricks & smart techniques
Each trick says when to use it – that matters as much as the trick

Square root of a perfect square in five seconds MOST USED

USE WHEN √ of a 3- to 6-digit perfect square.

1. Last digit of the number → two candidates for the root’s last digit.

2. Drop the last two digits; the root’s first part is the largest n with n2 ≤ what remains.

3. Choose between the two candidates: if the front part is ≥ n(n + 1), take the larger one.

EXAMPLE √7,744: ends in 4 → 2 or 8; front 77 lies between 82 and 92, and 77 ≥ 8 × 9 = 72 → 88.

Cube root of a perfect cube in three seconds MOST USED

USE WHEN ∛ of a perfect cube up to 6 digits.

1. Last digit → root’s last digit from the cube table (2 ↔ 8, 3 ↔ 7, others unchanged).

2. Drop the last three digits; the root’s first digit is the largest n with n3 ≤ what remains.

EXAMPLE ∛438,976: ends in 6 → 6; front 438 lies between 73 = 343 and 83 → 76.

Is it a perfect square?

USE WHEN Options give several large numbers and ask which is a perfect square.

1. Reject numbers ending in 2, 3, 7, 8 or an odd number of zeros.

2. Reject numbers whose digit sum reduces to 2, 3, 5, 6 or 8.

EXAMPLE 23,456: digit sum 20 → 2, so it is not a perfect square.

Estimate roots of non-squares

USE WHEN Approximation questions or choosing between close options.

1. Find the nearest perfect square x2.

2. Use √(x2 + d) ≈ x + d ⁄ (2x).

EXAMPLE √1,030 ≈ 32 + 6 ⁄ 64 = 32.09 (true value 32.094).

Decimal pairing

USE WHEN Square roots of decimals.

1. Pair digits outward from the decimal point.

2. Each pair after the point gives one decimal place in the root.

3. An odd number of decimal places means the root is not exact – add a zero first.

EXAMPLE √0.0441: pairs 04 | 41 → 0.21 ✓; √0.441 is not 0.21 (it is about 0.664).
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Conjugate pairs

USE WHEN Products or quotients like (√a + √b)(√a − √b).

1. (√a + √b)(√a − √b) = a − b.

2. Use it to clear surds from denominators in one line.

EXAMPLE (√7 + √5)(√7 − √5) = 7 − 5 = 2.

Bracket the root to kill options

USE WHEN Any root question with numeric options.

1. Find the two perfect squares around the number.

2. Only options between their roots can be right.

EXAMPLE √5,000 lies between 70 (4,900) and 71 (5,041), so only an option like 70.71 fits.
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4 Solved examples
The full method on the left, the exam shortcut on the right

1 DECIMALS

Find √(0.0081 × 0.0256).

STEP BY STEP

1. √0.0081 = 0.09 (four places → two).

2. √0.0256 = 0.16.

3. Product = 0.09 × 0.16 = 0.0144.

SHORTCUT

√(81 × 256) = 9 × 16 = 144; eight decimal

places under the root → four → 0.0144.

Why it works: √(ab) = √a × √b, and decimal places halve under a square root. Answer: 0.0144

2 MAKE IT PERFECT

What least number must be subtracted from 6,290 to make it a perfect square?

STEP BY STEP

1. 792 = 6,241 and 802 = 6,400.

2. 6,290 lies between them.

3. Subtract 6,290 − 6,241 = 49.

SHORTCUT

√6,290 ≈ 79.3 → 792 = 6,241 → 49. (To add

instead: 6,400 − 6,290 = 110.)

Why it works: Subtracting reaches the square just below; adding reaches the one just above. Answer: 49

3 PERFECT CUBE

Find the smallest number by which 2,592 must be divided so that the quotient is a perfect

cube.

STEP BY STEP

1. 2,592 = 25 × 34.

2. Bring powers down to multiples of 3: 23 × 33.

3. Divide by 22 × 3 = 12.

4. Quotient 216 = 63.

SHORTCUT

Leftover powers after removing triples: 22

and 31 → 12.

Why it works: Dividing removes the extra primes that do not fit into groups of three. Answer: 12

4 FRACTIONS

Find √(1 + 27/169).

STEP BY STEP

1. 1 + 27/169 = 196/169.

2. √196 = 14 and √169 = 13.

3. Answer 14/13 = 1 1/13.

SHORTCUT

Make one fraction first; both parts are

perfect squares.

Why it works: √(a + b) is not √a + √b – combine the terms before taking the root. Answer: 14/13
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5 GIVEN VALUE

Given √3 = 1.732, find √48 − √27 + √75.

STEP BY STEP

1. √48 = 4√3, √27 = 3√3, √75 = 5√3.

2. Total = (4 − 3 + 5)√3 = 6√3.

3. 6 × 1.732 = 10.392.

SHORTCUT

Pull out the largest square factor from each,

add the coefficients, multiply once.

Why it works: Like surds combine like algebraic terms: 4√3 − 3√3 + 5√3. Answer: 10.392

6 RATIONALISING

Simplify (√5 + √3) ⁄ (√5 − √3).

STEP BY STEP

1. Multiply top and bottom by √5 + √3.

2. Numerator: (√5 + √3)2 = 8 + 2√15.

3. Denominator: 5 − 3 = 2.

4. Result: 4 + √15.

SHORTCUT

(a + b)2 ⁄ (a2 − b2) with a = √5, b = √3 → (8 +

2√15) ⁄ 2.

Why it works: The conjugate turns the denominator into a whole number. Answer: 4 + √15

7 INFINITE RADICAL

Find √(30 + √(30 + √(30 + …))).

STEP BY STEP

1. Let x be the value; then x = √(30 + x).

2. x2 − x − 30 = 0 → (x − 6)(x + 5) = 0.

3. x is positive, so x = 6.

SHORTCUT

30 = 5 × 6 → plus sign → the larger number,

6.

Why it works: The expression repeats inside itself, so replacing the inner part by x gives a quadratic. Answer: 6

8 SURD ROOT

Find √(11 + 2√30).

STEP BY STEP

1. Look for x + y = 11 and x × y = 30.

2. x = 6, y = 5.

3. √(11 + 2√30) = √6 + √5.

SHORTCUT

Split 30 into factors that add to 11: 6 and 5.

Why it works: (√6 + √5)2 = 6 + 5 + 2√30. Answer: √6 + √5
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9 FORMATION

A general wants to arrange 6,000 soldiers in a solid square. How many stand in each row,

and how many are left over?

STEP BY STEP

1. √6,000 ≈ 77.46, so the largest square is 772 = 5,929.

2. Left over = 6,000 − 5,929 = 71.

SHORTCUT

Bracket: 772 = 5,929 ≤ 6,000 < 782 = 6,084.

Why it works: A solid square needs a perfect-square number of people. Answer: 77 per row, 71 left

10 CUBE

A cube has a volume of 2,197 cm³. Find its total surface area.

STEP BY STEP

1. Edge = ∛2,197 = 13 cm (ends in 7 → root ends in 3; 2 → 1).

2. Surface area = 6 × 132 = 6 × 169 = 1,014 cm².

SHORTCUT

∛2,197 = 13 by the unit-digit rule, then 6a2.

Why it works: A cube has six equal square faces. Answer: 1,014 cm²

11 MIXED

Find ∛0.000216 + √0.0049.

STEP BY STEP

1. ∛0.000216 = ∛216 ⁄ 100 = 0.06.

2. √0.0049 = √49 ⁄ 100 = 0.07.

3. Sum = 0.13.

SHORTCUT

Six places under ∛ → two; four places under

√ → two.

Why it works: Cube roots divide the decimal places by 3, square roots by 2. Answer: 0.13
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5 Important exam tips
Patterns, traps and habits that save marks

Frequently asked question patterns

Square and cube roots of large perfect squares and cubes.

Least number to add, subtract, multiply or divide for a perfect square or cube.

Roots of decimals and mixed fractions.

Given √2, √3 or √5, evaluate another expression.

Rationalising and √(a + 2√b) simplification.

Infinite radicals of the form √(a ± √(a ± …)).

Ladders, diagonals, square formations and cube volumes.

Common mistakes to avoid

Writing √(a + b) = √a + √b.

Taking √ of a decimal with an odd number of decimal places as if it were exact.

Forgetting that 2 ↔ 8 and 3 ↔ 7 swap in cube-root unit digits.

Choosing the wrong candidate in the square-root trick – compare with n(n + 1).

Giving a negative answer for √x – the symbol means the positive root.

Mixing “least number to add” with “least number to subtract”.

Points to remember

Perfect squares end in 0, 1, 4, 5, 6 or 9 and have

digit sum 1, 4, 7 or 9.

A cube root keeps the last digit except 2 ↔ 8 and 3

↔ 7.

√(a + √(a + …)) with a = n(n + 1) equals n + 1; with

minus signs, n.

√2 = 1.414, √3 = 1.732, √5 = 2.236.

Number of digits in √N ≈ half the digits of N,

rounded up.

Speed and accuracy

Know squares to 50 and cubes to 20 – most roots

then need no working.

Use the unit-digit trick for any perfect square or

cube.

Bracket the answer between two perfect squares

before choosing an option.

Simplify surds by pulling out the largest square

factor first.

Preparation strategy

Memorise squares and cubes first; the methods only work if those numbers are instant.

Practise on LearnFrenzy in order: Easy → Medium → Hard → Exam Pattern Mix → Data Sufficiency.

Aim for 20–30 seconds per root question.

Keep an error log of decimal-place and unit-digit slips.

Read the Quick Revision Sheet (next page) the night before the exam.
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6 Quick revision sheet
Everything on one page for the night before the exam

Formulas

√ by factors one prime per pair ∛ by factors one prime per triple

√(ab) √a × √b √(a/b) √a ⁄ √b

Decimals (√) places ÷ 2 Decimals (∛) places ÷ 3

1 ⁄ (√a + √b) (√a − √b) ⁄ (a − b) (√a + √b)(√a − √b) a − b

√(a + 2√b) √x + √y; x + y = a, xy = b √(a + √(a + …)) n + 1 if a = n(n + 1)

√(a − √(a − …)) n if a = n(n + 1) √(a√(a√a)) a7/8

√(a√(a√…)) ∞ a Diagonal of square side × √2

Third side √(c2 − a2) Cube edge ∛volume

Shortcut tricks

Square ends 4 → root ends 2 or 8. Cube ends 2 → root ends 8 (and 3 ↔

7).

Front part vs n(n + 1) picks the digit.

Digit sum 2, 3, 5, 6, 8 → not a

square.

√(x² + d) ≈ x + d/2x. Bracket between two squares.

Must-know numbers

Squares 11–20 121 · 144 · 169 · 196 · 225 · 256 · 289 · 324 · 361 · 400

Squares 21–30 441 · 484 · 529 · 576 · 625 · 676 · 729 · 784 · 841 · 900

Cubes 1–10 1 · 8 · 27 · 64 · 125 · 216 · 343 · 512 · 729 · 1000

Cubes 11–20 1331 · 1728 · 2197 · 2744 · 3375 · 4096 · 4913 · 5832 · 6859 · 8000

Root values √2 = 1.414 · √3 = 1.732 · √5 = 2.236 · √6 = 2.449 · √7 = 2.646 · √10
= 3.162
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7 A message from LearnFrenzy
For everyone preparing for placements, competitive and government exams

Keep going – you are closer than you think

Success in examinations is not just about how many hours you study. It is about how effectively

you understand concepts, practise questions, and improve yourself every day.

Every formula you learn, every problem you solve, and every mistake you correct brings you one

step closer to your goal.

Whether you are preparing for campus placements, competitive examinations, or government

jobs, remember that consistency, confidence, and smart preparation make a real difference.

Don’t just memorize formulas. Understand the concepts, practise smart techniques, and develop

the confidence to solve problems independently.

Your hard work today can create the opportunities you dream of tomorrow.

— Team LearnFrenzy
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