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Abstract
We obtain different relations among Triacontagonal number and other two, three and four

dimensional figurate numbers.

Introduction

The numbers that can be represented by a regular arrangement of points are called the
polygonal numbers (also known as two dimensional figurate numbers). The polygonal number
series can be summed to form solid three dimensional figurate numbers called Pyramidal
numbers that be illustrated by pyramids[1].Numbers have varieties of patterns[2-16] and

varieties of range and richness. In this communication we deal with triacontagonal numbers
given by  t3g =14n?-13n  and various interesting relations among these numbers are
exhibited by means of theorems involving the relations.

Notation

tm.n = Polygonal number of rank n with sides m

py' = Pyramidal number of rank n with sides m

soy, = Stella Octagonal number of rank n with sides m
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Fin,n,p = mM-dimensional figurate number of rank n where generated polygon is of p sides

jap = Jacobsthal number

Ctm n = Centered Polygonal number of rank n with sides m
gn = Gnomonic number of rank n with sides m

P = Pronic number

carl,, = Carol number

mer, = Mersenne number, where n is prime

cul,, = Cullen number

Tha,, = Thabit ibn kurrah number

PEN,, = Pentatope number

Interesting Relations

N
4
1) D tgn =14py 133y
n=1

Proof:

N N
> tsgn =, (14n% ~13n)

n=1 n=1

N N
=14 n?-13>'n
n=1

n=1

N(N+D@2N+1) . N(N+1)

2

=14 -13

N
D tzon =14 i -13t3 N
n=1

2) tygn—togn+2n=2t3,
Proof:
ta0.n —tog.n +2n =14n% ~13n-13n% +12n + 2n

= n2—n+2n
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t30,n —togn +2n=213
3) t3on41+taon-1—N—14=tsg
Proof:
ta0.n41 +t30 n_1 = 14(n +1)? —13(n +1) +14(n -1)* —13(n 1)
= 14n2 +15n+1+14+14n2 —41n+13
= 28n°—27n+n+14

t30,n+1+130,n—1 =580 +N+14

4) t3on—tgn+1=5y
Proof:
t3o.n —tig n =14n% -1 2
30,n ~lgn = n--13n-8n“+7n
=6n°-6n

t30,n —tign =Sp —1
5) Each of the following triplet are in arithmetic progression
a) (togn:t30,n+t32,n)

Proof:

thon +t31n =%[27n2 —25n]+%[29n2 —27n]

—28n?% —26n
tog.n +t31.n =230 n
b)  (t20.n,t30,n:t10,n)
Proof:
¢ a2 2
20,n +t40,n =9n“-8n+19n“ —-18n
—28n% —26n

too,n +ta0.n =230 n
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c) (to.n t30,n:t550n)

Proof:

tio.n +ts0.n = 4n° —3n+24n% —23n

—28n? —26n
ton+is0n =2t30n

d) (t30,n:t32,n:t34.n)

Proof:

ta0.n +134n =14n% —13n+16n —15n

=30n% —28n
t30,n +134,n = 2320
6) t3o,n —too,n =tio,n—N
Proof:

t30,n _t22,n =14n2 -13n —10”2 +9n

—4n% -3n—-n
30,n —t2,n =lon =N
7) Each of the following equations represents a Nasty number
a) 6tso,n+26tgn —2n}
Proof:

6{tao n + 26tz n — 2n°}=6{L4n* ~13n +13n% +13n—2n?}

= 6{5n)?

2
b) 6{2;, 2 g2 TN ¥

Proof:

62ty 2 _t58,n2}: 6{2(14n* —13n) - 28n* + 260}

= 6n2
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¢) 6{tgo,n +13py —2n%}
Proof:

2t 02 ~lg 2 + n?}=6{2(14n® ~13n) —28n* +26n° + n%}

—6n?

8) n2[t30,n +2]-ntyon =2(tg n —tg n)
Proof:

2t n ~to n) =2 (2n2 —n) 5

—14n* —17n° +5n2
= n2(14n2 —13n) - n(4n2 -3n)+ 2n°
2t n—ton)= Ir12(t3o,n +2)—ntyo
9) 2t3pn =t54n+NGn
Proof:
2t n = 28n% —26n
= 26n2 —25n+2n2 -n
2t30 n =t54.n +NGp
10) Ntgy pn —tag sz +N+tog n = 28p5 +16g,, +14
Proof:
43 2 7
nt30,n —t30,n+2 =14n" -13n“ +14n“ +43n+30
=14(n% +n?)—(13n% —-12n) +16(2n —1) —n +14
Nt30 n —t30,n+2 =28 Py —tygn +16g, —n+14

11) 2(t3p,n +132.n) =t31,n

Proof:
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ts1n :%[ZQnZ —27n}

=%[14n2 —13n+15n2 —14n}

t31n =2tzo,n +t32.n]

12) t _+13n° +1=(Cty  *Ctg ) + 24PEN, +t 5 +24pF —40t3

30,n2 +

Proof:

t ) +1=14n* +14n2% +28n° —13n% —13n+1

30,n°+
= (6n* +12n% +11n° +5n +1) + (n* + 6n° +11n% + 6n) + (7n* —6n°)
+4(4n° +3n? —n) —20(n? +n) —13n°

2 6
t30,n2+n +13n +1= (Ct4,n *Ct6,n) + 24PENn +t16,n2 + 24 pn _40t3’n

13) t t = (carl),, + (mer)o, +2

30,2"  26,2"

Proof:

t30,n Ly o =14(2%M) -13(2") -12(2%") +11(2")
= 22” - 2n+1 i 22n

t = (carl),, + (mer),, +2

t30,2” - 26,20
14) t. n +13p,0 =9((Tha) , +1)
Proof:

ty ,n +13P0 —9=14(2°")-13(2") +13(2°") +13(2") -9

=9(3(22") -1
15) n(t30,2” —2t16,2n)+(cul)n =1

Proof:
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Nty on — 2y pn) —1= n(14(22")-13(2") -14(2%") +12(2")) -1
=—(n2" +1)
N(tgq 0 ~2hyq n) ~L=—(CUl

16) t__ _, +(Tha), +3(mer), +4:7t6 o

30,2
Proof:
_ 2ny ny 2n n
t30,2”_7t6,2”+4_14(2 )—-13(27)-14(2°7)+7(2") +4
=—(3(2°M) -1 -3(2"-1)
t30’2n _7t6,2” +4 =—(Tha),, —3(mer),

17) tgo,n +7=Clig n +Sp +1gn —59n
Proof:
taont7= 5n% +9n% —18n+5n+7
= (5n% +5n +1) + (6n% —6n+1) + (3n% — 2n) —5(2n 1)
t30,n +7=Clig,n +Sn +1gn —50n
18) 2t3pn =tsgn +N
Proof:

2t30 n = 28n% —26n

—28n%-27n+n
2300 =158 n +N
19) 4tzg n =t1o.n +2toe n +1s8n
Proof:
2300 = 2tpe,n +l10n —N @
2300 =15gn +N (2

Add (1) and (2) we get,
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M3o,n =tio,n +26 0 +1sgn
20) t30,n =tg2,n —tagn +n
Proof:
t30,n =tgn +lign =N 1)
2300 =tign +1a2,n )
Subtract (2) and (1) we get,

t3o.n =laon—tgn+n

21) t30 n *te. n = (tio.n *te.n) +N(tis n —te n)

Proof:
tao.n *te.n = 28n* —40n° +13n°
=28n* —45n° +18n? +5n° —5n?
tg,n (t3g,n +N) =ty n(N+t19n)
22) t38,2” —t30’2n +5=(Ja)on,2 —4(mer),
Proof:

N 2ny ny 2n n
tig o0 —t3072n+5—18(2 )-17(2")-14(2°") +13(2") +5

= 4(22") +1-4((2") -1)

tig o ~lag on T2 =(I)2n42 —4(Mer),

n(7t, n—t .n)
23) 62" 142" _

(wo), +1

Proof:
_ran

7t6,2” Ty on =5(2%)
_ n_
(7t pn ~t, n) =5((02" ~1)+1)
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=5((wo), +1)
24) (n—Dtgg n +N26ps —13py, =224F, 4
Proof:
N(tao,n +26p8) = 27n* (1)
tao.n +13py = 27n? )
Subtract (1) and (2), we get

N(t30,n +26 5 ) —t30,n —13pp = 27(n4 = nz)

=27n%(n? -1)
(n—Dtgg , +N26ps —13p,, =224F, 1 4
25) n((s0)n —(2t16,n —t30.n)) =24(F4.n 4)
Proof:
(s0)n — (216 n —t30,n) = 2n® —n-14n2 +12n+14n2 ~13n
= 2n(n2 -1
n((s0)n — (26, n —t30,n)) = 24(F4 n 4)
26) t30,n —toen =Clgpn-1—1
Proof:
ta0.n — 2,0 =14n% ~13n-12n° +11n
=2n%-2n
t30,n —t26,n =Ctgn1-1
27) 2(t26,n)_t22,n =t30n
Proof:

2(t26,n)—t22,n =24n% —22n-10n% +9n

—14n% —13n
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2(tz6,n)—toz,n =taoin
28) t30n —tan —tign +n=0
Proof:
t30,n —t14’n =8n2 —-8n
=tgn—n 1)
tag n —tg p = 6N
30,n ~t1g,n =6n" —-6n
=lan—n )
On adding (1) and (2) we get,
2t30,n = 2t14'n — 2t18,n +2n=0
t30,n —t14,n —t1ign +N=0

29) t39 n —togn =431

Proof:
2t30.n —2togn =4n° —4n+1-1
=(2n-1°%-1
=831

t30.n —toe,n =Mz n
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