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Notes on the function gsw_CT_first_derivatives(SA,pt)
This function, gsw_CT_first_derivatives(SA,pt), evaluates the first derivatives of

Conservative Temperature with respect to potential temperature and Absolute Salinity, as
given in Eqn. (A.12.3a,b) in the TEOS-10 Manual (IOC et al. (2010)), repeated here.

Ols, = ¢ (Sar00)/c), O] = [4(54.0.0)= (To+6) s (S4.0.0)]/c.  (A123)
Written in terms of the TEOS-10 Gibbs function these expressions become
Ols, = ~(To+6)0rr (Sa.0.0)/cy, "
and
O], = (954 (50:0.0)= (To+0) 1 (Sa.0.0) /5. @)

This function uses the full TEOS-10 Gibbs function g(Sa,t, p) of IOC et al. (2010), being
the sum of the IAPWS-09 and TAPWS-08 Gibbs functions. Both the terms gg, (Sa,6,0)
and (Ty+6) Us,T (Sa.6,0) in the square bracket in Eqn. (2) contain logarithmic singularities
in the square root of Absolute Salinity, but these singularities exactly cancel in the square
bracket. Hence, in the gsw_CT_first_derivatives(SA,pt) code this square bracket is not
simply calculated by calling the appropriate derivatives of the Gibbs function, but rather,
the polynomials representing both gSA (SA,Q,O) and gSAT (SA,H, O) are incorporated into
the code, and the logarithm terms are deliberately excluded. In this way, this function can
be used with the input value of S, being exactly zero.
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Here follows appendix A.12 of the TEOS-10 Manual (IOC et al., 2010).
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A.12 Differential relationships between 7, 8, ® and S,
Evaluating the fundamental thermodynamic relation in the forms (A.11.6) and (A.11.12)
and using the four boxed equations in appendix A.11, we find the relations

(To+t)
T,+6

(To+t)dn+u(p)dS, = C,(0)d@ + [ (p) — (To+t) szr (0) ]dSa

~—~—

A12.1
(To+t) ( )

—(T0+9)y(0) ds, .

(
= ((T +9)) Cﬁd@ + | u(p) -

The quantity x(p)dS, is now subtracted from each of these three expressions and the
whole equation is then multiplied by (T,+6)/(T,+t) obtaining

(To+0)dn = c,(0)do — (Ty+6) 17 (0) dS, = ¢3d® —1(0) dS, . (A.12.2)

From this follows all the following partial derivatives between 7, 8, ® and S,,

®9|5 SA 0, 0)/ Os, ‘9: [y(SA,H,O)— (To+¢9)ﬂT (SA,Q,O)J/C(; : (A.12.3)
Gn‘sA = (To+0)/cy, s, \f 1(S4.60,0)/c9, (A.12.4)
QH‘SA =(To+0)/c; (Sa.0.0), 6, ‘f (To+0) 1 (Sa,60,0)/c, (Sa,0,0), (A.12.5)

0®|SA =5 /c,(S.0.0), QSAL): —[14(84.0.0) = (To+0) 11y (sA,e,o)]/cp(sA,e,o), (A.12.6)
nls, = €5 (Sas0.0)/(To+6), 15, | = —4ir (Sa,60,0), (A.12.7)

Tols, =y /(To+0), nsA\ = —1(SA,60,0)/(To+6). (A.12.8)

The three second order derivatives of 77(Su ®) are listed in Eqgns. (P.14) and (P.15) of
appendix P. The corresponding derivatives of 0(Sa,®), namely 6, bs, , oo, bs,6 and
6,5, can also be derived using Eqn. (P.13), obtaining

. ~ ©) - n c) CINC)
O = . b, = ——=2, Oog = - ?093 , Oy =——2 +—2 2 (Al29abcd)
2 2 (@) @) (o)
~ ~ ~ ~ 2
. €} O, 0 €
and Oy, = - —2% 2 A A | A O, (A.12.10)
0, 0, ©, e, | 0,

in terms of the partial derivatives ©,, (:DSA , O, @%A and éSASA which can be obtained
by differentiating the polynomial ©(S,,#) from the TEOS-10 Gibbs function.



