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We define trimmed serendipity differential k-forms of order » on an n-cube L1, by

% The PerIOdIC Ta' " ¢ ® ® >—>

!ole o.f.lete Elemghts S-AKO,) = S, AR(O,) + kS, AFYO,). — .Element dlagrams
identifies four families Sk . o indicate association

. . 2 ( 2) ! ! | . I o o

of conforming finite el- of degrees of freedom
ements on simplices . | ) | . to parts of the geom-
and cubes. The degrees of freedom for S;A’f( ») associated to a d-dimensional sub-face f of [, are etry, I.e. vertex, edge,
— We describe a new o o ? ° * ? " face, or Interior (+X)
family on cubes, called u > /f (trru) N, q € PrgaiA"(f) & dH, g A" (f), | | . The trace of
Trimmed Serendipity | Sy A (o) I I S-A*(,) on a face f
Finite Elements. forany & < d < min{n, [r/2] + k}. ' ° s S—AK(f).

Theorem: (Unisolvence) If u € S;/\k( ») and all the degrees of freedom vanish, e ——
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Definitions and Notation
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then u = 0.

The space of differential k-forms with polynomial coefficients of homogeneous degree 7 Is : : 0 - | | s | N |
denoted , A*(R). The exteror derivative d and Koszul operator  are maps SoAHDy A N
2 s E s s

d: H A (RY) = H,AHRY) ko HANRY) — Heopg AHRY).

Theorem: Fixn,r > 1and 0 < k£ <n. Then

The space of polynomial differential £-forms of degree at most r is

dim S”A%(O,) = dim P, A*(O,) + dim J,A"(O,) + dim J,A"1(0,) SN g T S ——

r

P.AMRY) = @) HANR"). Further, each summand has a closed-form expression in terms of binomial coeffi- L 1 - .
j=0 cients depending only on n, k, and 7. S K, o t . :
3 : : : o o
The space of trimmed polynomial differential £-forms of degree at most r is S ¢ c e
o . o dim STA*(,,) dim S, A*(J,,)
P AR =P AMRY) + £Pr AN(RY). klr=123 4 5 6 7  klr=123 4 5 6 7 SRR
. . . _ Vector element analogues
The linear degree of x%dz, is defined to be Ideg(z“dz,) .= #{i € ¢* : «a; = 1}. n=110 234 o5 6 7 8 0 234 5 6 7 8 J , , ) .
- | , | | | o 1 1 23 4 5 6 7 1 234 5 6 7 8 — Arbogast and Correa (2015) define spaces (V',, W) ) C H(div) x L". Interpreting these
Example: ldeg(zyz~ dx) = 1, b/c y is the only variable with exponent 1 not appearing in dz. 5 0 1 %12 17 93 30 a8 0 1 %12 17 23 30 3% spaces on a reference square as differential forms via the flat operator, we find that
Two key building blocks for both the serendipity and trimmed serendipity spaces are ! 110 17 26 37 50 65 1 1492 32 44 5] 74 (rotV",~, W) is identical to (S,,? +1/\1( 2), S, +1AQ( 2)) where rot means rotation by /2.
H, AR (R = {w c H,A*(R") : Ideg w > g} - and 2 1 3 6 10 15 21 28 2 3 610 15 21 28 36 — Cockburn and Fu (2016) define sequences of spaces SQDﬂ% on a reference square and
. . n=3 0 82032 50 74105 144 0 82032 50 74105 144 Sfﬁ on a reference cube. Interpreting these sequences by the flat operator we recover
TN R =N kHp 1 N R, 1 1236 66 111 173 255 360 1 2448 84 135 204 294 408 the trimmed serendipity sequences:
(21 2 6 21 45 82 135 207 301 20 1839 72 120 186 273 384 0 o o
The serendipity differential k-forms of order » on an n-cube L,, are given by 9 1 410 20 35 56 %4 9 411020 35 56 84 120 SN (L) = S A (L) — S A ()
k - k k k—1 AV A L S A’
S (Th) = PrA(Dh) & JrA (D) @ dFrn AT (Th), We find that | dim S; A" | with equality only when & = 0. St (H) = S (H) = S ME) = S AMH
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