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ABSTRACT

We obtain different relations among Rhombic Dodecahedral Number and other two,
three and four dimensional figurate numbers.
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INTRODUCTION

Fascinated by beautiful and intriguing number polygonal numbers can be summed up to form solid

patterns, famous mathematicians, share their three dimensional figurate numbers called Pyramidal

insights and discoveries with each other and with
readers. Throughout history, number and numbers
[2,3,7-18] have had a tremendous influence on our
culture and on our language. Polygonal numbers can
be illustrated by polygonal designs on a plane. The -

numbers [1,4,5and 6].In this communication,we deal
with a special number called Rhombic Dodecahedral
Number RD{n} = 4n® —&n® + 4n — 1 and various
interesting relations among these numbers are
exhibited by means of theorems involving the
relations.
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Notation
RD{n}- Rhombic Dodecahedral number

tm » - Polygonal number of rank n with sides m
TPy - Centered Polygonal number of rank n with sides m
E™- Pyramidal number of rank n with sides m
CE™- Centered Pyramidal number of rank n with sides m
FLCS% - Prism number of rank n with sides m
P{n}- Pronic number of rank n

G (1)- Gnomonic number

0(n}- Octahedral number

C0(n)- Centered Octahedral number

I(n}- Icosahedral number

CI(n}- Centered Icosahedral number

D'(n- Dodecahedral number

50(n]- Stella octangula number

CD(n}- Centered Dodecahedral number

£ C(n)- Centered Cube number

C5gi(n)- Centered Square number

TTH(n)- Truncated Tetrahedral number
TOH(n)-Truncated Octahedral number
PTP(n)-Pentatope number

HRD(n}- Hauy Rhombic Dodecahedral number
H@(m}- Hauy Octahedral number

Ng(n)- n™ d-dimensional nexus number

G (711 m-gram number of rank n

5,- Star number

INTERESTING RELATIONS

1. RD(n) =3F** —15¢;,.,—CE -1
Proof: 2RD(n) +2CE: =3n*—12n ' +8n—2+n° +n
=onf—12n* +9n -2
=0n® +3n° — 1507 —6n +15n — 2
= 6B — 1507 +15n -2
= 6B —30t;,_. -2
RD(n) =3B —15¢t,, ,—CB: -1
2. RD(n) = 6B —14ty,_, — Csq(n)
Proof: AD(n) +Csglnl =4n® —6n’ +dn—-1+2n*+2n+1
= 4n® — 4n” + 6n
=4n® + 307 —Tnt—n—1+7n
=4nP+ 3 —n—Tnt +7n
= 6B —Tn(n—1)
= 6B —14t3 4
RD(n) = 6Bf — 14t5,_, — Csq(n)
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3. RD(n) =3B —¢t,., -1
'5:13—3:1:—5:1‘-'

Proof: AD(n) — 3R :4n3—ﬁn:+4n—1—{ -

eni-12n?+En—-2-8n¥-3ni+sn

RD(n) =3B} —¢t,., -1
4. RD(n) =CCln) +65 —12t,, -2
Proof: ARD(n) —CClnl=4n®—6n*+4n—1—-(2n +3n"+3n+1)
=2nf-Ont+n-2
=2n+ 30t —12n4+n -2
=6RF —12t,, -2
RD(n) =CCln) + 6FF — 12¢,, -2
5. RD(n) =3CBf —t,,,—1
Proof: RD(nl+t,, . =4n®—6n?+4n—1+6n°—0n

=4n*—n-1
=nl4n? —1) -1
=3CEV._5—1

RD(n) =3CE% —¢t,,,—1
6. 4RD(n) = TOHn) + typ 4+ 2
Proof: R0} —topy —2 =440 — 6" +4n — 1) —nlGn —8) -2
=16m* — 24n® + 16n — 4 —Qn® + 8n - 2
=16n® —33n° +24n -6
=TOH(n)
4RD(n) = TOHN) + top, + 2
7. RD(n) =2PCS}—4t,, . —1
Proof: RD(n) —2PCSl=4n® —6n  +4n—1 — (4n—4n’ + 2n)
=-2n*+2n-1
=-nln-11-1
=43y -1
RD(n) =2PC50 —4t5 ., —1
8. RD(n) =3HOn) — 2G(n)
Proof: ROl +260n) =4n® —6n* +4n —1+2(2n -1}
=4n® —6n" +8n—3
= 3HO(n)
RD(n} =3HO(n) — 2G(n)
9. RD(n) =B} + TTH(n) — 45, ,—1
. "n:_:ml

Proof: RD(n) —Bf=dn®—6n®+4n—1 ("""

&
24n® —26n® +24n-6-n-In’-In

- B
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23n® —zon® +2In-6

6
23n -27n® —12n® +10n +12n—6
- 6
zan®-zmf+in  1Zn(n-1)
== =R g
& &

=TTH(n) —4ty,_, —1
RD(n) =B + TTH(n) —4t5,,—1
10. 3RD(n) = HRD(n) —3CE® 4+t +4
Proof: 3RD(n) +3CEF =12n% — 1807 + 120 — 3+ 4n° —n
=16n* —18n + 1ln -3
=16n* —36n > £ 1827 L 28n —17Tn — 7 L+ 4
=16n* —36n° +28n —7 +18n° — 17n +4
= HRD(n) + n(18n — 17} +4
= HRD(n) + t3p,, + 4
3RD(n) = HRD(n) —3CE] +t5,, +4
11. RD(n) + P(n) + CB® — 2PCS5! = —1(mod 3)
Proof: RD(n} + P(nl + CEBE =dn® —fn* +4n—1 +nln + 1) +nf
=50 —Gn*Ldn—14n*Ln
=51 —Sn*+5n -1
=50 S+ 2nL+in—-1
PCSE+3n -1
RO(n) + P(n) + CBE — 2PC5E = —1(mod 3)
12. RD(n) =4CBf — 2t —1

20g n

Proof: RD(n}=4n® —én*+4n—1
=4n® —2n(3n - 21 -1
=4CBf —2t., -1
RO(n) =4CRF —2ty,,— 1
13. RD(n) =CD(n) —6B% —epyp n— 128, ,—1
Proof: RD(n) +6FF =4n® —6n° +4n — 1+ (6n° + 307 — 3n)
=10n* —3nf+n -1
=10n*+15n 180" +Tn—6n—-2+1
=10n*+15n° +Tn+1—18n" —6n -2
=(CDn) —6n* —12n" —6n—-1-1
=D} —[Enln+ 1) +1] —12n* -1
=CDn) —cpynpy — 128, —1
RD(n) =€D(n) —6F% —epyq y — 128, — 1
14. RD(n) = 24PTP(n) —n.CE: + G(n) — 6B — 11t ,

Proof: RD(nl +n.CEBf —Glnl =4n® —6n*+4n—-1+n*—2n+1
=n*+ 50 —nf+ 807 — 140’ +4n — In
=n*+ 50  +3n +4n—n® —14n? - In
= 24PTFP(n) — (n® + 3n* + 2nl — 11n°
= 24PTP(n) — 6F; — 11t,,

RD(n) =24PTP(n) —n.CEE + Gln) —6F% — 11¢t,,
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15. RD{n) =CI(n) + 0(n) —11¢t,,, -2

Proof: EAD(n) —0m) =d4n? —Gn®Ldn—1— Ii“:“'__“'\

120 -18n® +1In-3-In*-n

10m3 +15n —23n® +11n +3-6
10n® +150% +11n+3 -
= - —1in- -2

=Cl(n) —11¢,, -2
RD(n) = PTP(n) —n.CB? + G(n) — 6BF — 11t ,
16. BD(n) + epap, —3CEE ++.. . —2G(nl — 2 isaSquare Integer.
Proof: RD(n) +cp.p,, —3CES +t.. . —2G(n) =16n% +2

={n) +2
RD(n) + epogn —3CEE + 25, — 2G(n) — 2 = (4n)?
17. RD(n) —3CE: + G(n) + g.(n) = 0 (mod 1)
Proof:

RDn) —3CEE+Gnl =4 —n +4n—1—-4n'+n+2n-1
=—fn*+mn—1+2n-1

—ent+En—n—1+2n-1
—enif-6n+ll—n+2n-1
=—gnl+n-1
RDn) —3CEE +Gnl +g,inml=n—1
RD(n) —3CEF + Gl + g (n)
18. RD(n) = 2CBH — g (n)

= —1{modn)
Proof: RD(nl+g.lnl=4n®—6n*+4n—-1+6n"—6n+1
= 4n? — In
=2n(2n* - 1)
= 2Cp¥
RD(n} = 2CPF — g (n)
19. RD(n) + t.g, + cpe, — Gln) —3CFF — 1is a Nasty Number.
Proof: RD(nl+t, +cpe,—Gnl=4n"—6n* +4n—1+8n° —7Tn
+dnln +10+1—(2n—1)
=4ni+nt—n+1
=nl4n® -1l +6n° +1
=3CR +6n+1
RD(n) + tygy + g — Gln) —3CEF —1 = 6n’.
20. RD(n} + 5, +n — 2CEF isa Cubic integer.
Proof: RD(n)+5,+n—2CF =4n* —6n*+4n—1+6n" —6n+1
+n—n3n*—1)
=4n® —n—3n° +n
RD(n) + 5, +n—2CBF =t
21. RD(n) + 120PTPF (n} — N,(n} — 38CEF + 2 is a Nasty number.
Proof: RD(n} + 120FTF(n) — N,(n} = 4n® —6n? +4n — 1 +3n* + 25n°

+40n® + 20n — 5n* — 10n®

—10n* —5n -1
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=190 + 24n + 19n -2
=10n(n® + 1)+ 24n® -2
= EECF; + 24n* — 2

RD(n) + 120PTP(n) — N,(n) — 38CE% + 2 = 24n°

22. RD(nl +3C00n) +t., —6F" = 1(mod 2)

Proof: RD(n) +3C00n) +t,,=4n® —én® +4n—1 + 4n? + én°
18n 43430 —2n
=8 +3n? +10n + 2
=8n* +3n*+15n—5n + 2
= 6P £ 15n 4+ 2
RD(n) +3COm) +t,, —6RX =150+ 2
RD(n) +3C00n) + tg, — 6P = 1(mod 2)
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