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Radical:

In mathematics, a radical expression is defined as any expression

containing a radical () symbol. Many people mistakenly call this a
'square root' symbol, and many times it is used to determine the square
root of a number. However, it can also be used to describe a cube root, a

fourth root or higher.

Example of Middle School Usage

Sheet Metal Trades A square hot-air duct must have the same area as two rectan-
gular ones 5 in. X 8 in. and 4 in. X 6 in. How long are the sides of the square duct?

(5 X 8) + (4 X 6) =40in.? + 24 in.? = 64 in.>
\/m = 81n.

8 6
5 + 4 =

64 in?
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Usage in Beginning of High School Math

Quadratic Formula

—b +Vb? — 4ac
x —
2a

2 +2x-8=0

~2+./2% —4{1){-8)




Nested Radicals

Franc;ois Viete Usage in Advanced Mathematics

At the time Viéte published his formula, methods for
approximating 7 to (in principle) arbitrary accuracy
had long been known. Viete's own method can be
interpreted as a variation of an idea of Archimedes
of approximating the area of a circle by that of a
many-sided polygon, used by Archimedes to find
the approximation.

However, by publishing his method as a
mathematical formula, Viéte formulated the first
instance of an infinite product known in
mathematics, and the first example of an explicit
formula for the exact value of . As the first formula
representing a number as the result of an infinite
process rather than of a finite calculation, Viéte's
formula has been noted as the beginning of
mathematical analysis and even more broadly as
"the dawn of modern mathematics".
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I en 1540. mort en 1603.
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Viete's Formula for Pi

g:\/i_-,/zﬂ/i \/24—\,!24—\/?”

2

ratio o\square ratio of octagon

and octagon and 16-gon

Viete obtained his formula by comparing the areas of regular polygons
with 2™ and 97+1 sides inscribed in a circle "5 The first term in the
product, BEE is the ratio of areas of a square and an octagon, the
second term is the ratio of areas of an octagon and a hexadecagon,
etc. Thus, the product telescopes to give the ratio of areas of a square
{the initial polygon in the sequence) to a circle (the limiting case of a 9™

Area Ofa Square 21/‘2 A sequence of regular polygons with numbers of &2
sides equal to powers of twa, inscribed in a circle. The
A f C . 1 ratios between areas or perimeters of consecutive
réa o1 a Lircle y/A polygons in the sequence give the terms of Vidte's

formula.
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Viete's Formula for Pi

2 V2 2442 \/2+\f2+~/§
= 2

-

Lead to usage in trigonometric values

.
Elﬂ[gll:é_-nlllz_ﬁ
Iy
W5[§,=g'— 242
Iy
n(f)=1 oo va
m
ms[ﬁ]zg'—ﬂ.‘/2+ 2442 .



Nested Radicals

The Curiosity for Nested Radicals is Born

JxX = %
%\( = *Xl
sy
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The Curiosity for Nested Radicals is Born

\/3\/3\/3\/3—E =9

A look with a different lens

\/3\/3\/3\/7 31/231/431/8
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With expressions like this, people also became interested in infinitely

nested sums.
COS
\/ 2+ \J 2+V2

\/2+M =K

X

N2+x =X

2+ =
O=X-%-2

0= (x-1)(x+1)

X =
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A Surprising Result

\/1+ﬁiJ1+J1+JT:. ="

\Jl+x = K
|+ % = X
O =) x|
x2—x—-1=0

(1) £4/(-1)> -4(1)(-1)
a 2(1)

X

1++/5

2
1++5 1—+/5
B T

X

X

a b
= o —
~—
a+b
atbistoaasais tob

Line segments in the golden ratio &

-
>

W= 9 = 1.61803398&87. ... a b

a+b

Agalden rectangle (in pink) with &
longer side a and shorter side b, when
placed adjacent to a square with sides

of length a, will produce a similar
golden rectangle with longer side a + b
\ and shorter side a. This illustrates the
a+b a
relationship = —-=p
a b
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Srinivasa Ramanujan

During his short life, Ramanujan
independently compiled nearly
3,900 results (mostly identities
and equations). Nearly all his
claims have now been proven
correct, although some were
already known.

1 2v2 & (4K)!(1103 + 26390k)

- = 9801 (k1)4396%

k=0

22 December 1887 — 26 April 1920
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Srinivasa Ramanujan 1 729

The number 1729 is known as the Hardy—
Ramanujan number after a famous
anecdote of the British mathematician G.
H. Hardy regarding a visit to the hospital to
see Ramanujan. In Hardy's words:

1 remember once going to see him when he
was ill at Putney. I had ridden in taxi cab
number 1729 and remarked that the
number seemed to me rather a dull one,
and that I hoped it was not an unfavorable
omen. 'No', he replied, 'it is a very
interesting number; it is the smallest
number expressible as the sum of two cubes
in two different ways.'

The two different ways are
1729 = 13 + 123 =93 + 103,

Suppose that we rate mathematicians on the
basis of pure talent on a scale from 0 to 100,
Hardy gave himself a score of 25, J.E.

Littlewood 30, David Hilbert 80 and
Ramanujan 100.

22 December 1887 — 26 April 1920
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Ramanujan's Nested Radicals (1911)
Ramanujan posed the following problem to the Journal of Indian Mathematical Society:

?:\/1+2\/1+3\/1+---.

After six months, nobody had been able to solve the problem, so Ramanujan
revealed the surprisingly simple answer, which is 3.

How Ramanujan did it:

It can then be shown that

Flz) =2+ n+a.

which can be simplified to

F(z)*=ar + (n+a)® + -.1?\/(1(-_1? +n)+(n+a)?+(x+n)V--

which can be simplified to

F(z)*=azx+ (n+a)’+zF(z +n).

S0, settinga =0, n=1, and x = 2, we have

3= y1+2/1+3v15 -
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Ramanujan's Nested Radicals

Ramanujan posed the following problem to the Journal of Indian Mathematical Society:

P \1eo/18vTT

This was posed to my Intro to Proofs class at the University of Montana.

So, of course, what did I do to start?

A\

oo

Once I knew 1t was 3. [ worked backwards.



https://www.desmos.com/calculator/780fajh8lv
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THE END
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