Extended Steinhart Heart’s polynom (H) is just a polynom.
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We can calculate it’s coefficents A, B, C and D very elegantly. Because there are four coeficcients, we will need to create a system of four equations like this:

4%:A+Bmmg+cmmmgF+D4mmgf

4%:A+Bmmg+cmmmgP+D%mWﬁf
Ti3 = A+ Bln(R3) + C - (In(R3))* + D - (In(R3))*
Ti4 — A+ BIn(Ry) + C - (In(R4))? + D - (In(Ry))?

Now we can look inside any documentation for a well known NTC thermistor e.g. l / documentationfntc.pdﬂ where we find a table consisting of resistance measurrnentsm
at known temperatures. From that table we take four values which should be as far appart as possible.

Ry = 329518 Ty = —50°C=—-50+273.15K = 223.15K
Ry = 19488 Q T, =8°C=8+273.15K = 281.15K

R3 = 2511 Q T3 =66 °C =66 + 273.15K = 339.15K

R4 =503 Q T, =125 °C =125+ 273.156K = 398.15K

Now we know the values for resistance and temperature and can calculate the coefficients A, B, C and D. Before solving the system we first make it easier on ourselves
and execute some substitutionst.

1We look at nominal values while ignoring minimum and maximum values.
2Right before the end we will revert these substitutions and calculate coefficients.



T = In(R;) = by
Tig =qy In(Rs) = by
Ti?’ = a3 In(R3) = bs
Ti4 = ay In(Ry) = by

(ln(Rl))2 =C1
(1I1(R2))2 = C2
(11’1(R3))2 = C3

(IH(R4))2 =C4

After the substitutions the system of equations becomes easier to read.

Now we start solving the system for A. First we express A from (E)

Then we continue by inserting (E) in all the rest.

a1 = A+ Bby + Cecy + Ddy
as = A+ Bby + Ceg + Ddy
as = A+ Bbs + Ccs + Dds
ay = A+ Bby+ Cey + Ddy

A=a; — Bby — Ccy — Dd;
as = A+ Bby + Cca + Ddy
a3 = A+ Bbs + Ccs + Dds
ay = A+ Bby + Ceq + Ddy

(In(Ry))* = dy
(In(R2))? = d»
(In(R3))* = ds

(In(Ry))? = d4



Ao = a1 —Bbl —CCl —Ddl +Bb2 +CCQ +Dd2
a3 = a1 — Bby — Cey — Ddy + Bbs + Ces + Dds
ag = a1 — Bby — Cey — Ddy + Bby + Ceyq + Ddy

We use the brackets to shorten the system of equations and put all the parts without a coefficient to the left.

ag — a1 = B(bg - bl) + C(C2 - Cl) + D(dg - dl)
as —a; = B(bg — bl) + 0(63 — Cl) + D(d3 — d1)
a4 — a1 = B(b4 — bl) + 0(04 - Cl) + D(d4 — dl)

We now extract B from (@)

(ag —a1) —C(ca —c1) — D(da — dy)
(b2 — b1)

az —a; = B(bs —b1) + C(cs — 1) + D(d3 — dy)

ag —ay = B(by —b1) + Cleq — 1) + D(dy — dy)

B =

We insert (a) in all the rest.

as —a; = [(ag — o) - CEZ _2; s dl)} (b3 —b1) 4+ C(cs —c1) + D(ds — dy)
o (ag—al)—0(02—01)—D(d2—d1)
a4 — a1y = |: (bg—b1) :| (b4—b1)+C(C4—Cl)+D(d4—d1)

Now we get rid of the fractions, so we multiply (E) and (B) by (by — b1).



(a3 — al) . (bg — bl) = [(CLQ — al) — O(CQ — 61) — D(dg — dl)] (b3 — b1) + C(C3 — Cl) . (b2 — bl)
+ D(ds —dy) - (ba — by)

(a4 - (11) . (bg - bl) = [(ag - al) - C(CQ - Cl) - D(d2 - dl)] (b4 - bl) + C(C4 - Cl) . (b2 - bl)
+ D(dy — dy) - (bg — by)

We get rid of the square brackets.

(a3 — al) . (b2 — bl) = (a2 — al) . (bg — bl) — C(C2 — 01) . (bg — bl) — D(dg — dl) . (bg — bl)
+C(cs — 1) - (by — by) + D(ds — dy) - (bs — br)

(g —a1) - (by —b1) = (a2 — a1) - (bg — by) — C(ca — 1) - (bg — by) — D(do — dy) - (bs — by)
+Cea— 1) (by —by) + D(dy — dy) - (ba — by)

Now we remove the rest of the brackets by multiplying them.

azbz — a1by — azby + a1by = azbz — a1bz — azby + a1b;
— Cegbs + Ceybs + Ceaby — Ceyby — Ddobs + Ddybs + Ddsby — Ddyby
+ Cegbs — Ceybg — Cegby + Ceyby + Ddsby — Ddybs — Ddsby + Ddyby
asbe — asby — arby + a1b1 = az2by — a1by — azby + a1by
— Cegby + Ceby + Cegby — Ceyby — Ddaby + Ddyby + Ddaby — Ddyby
+ Cegbs — Ceybs — Ceyby + Ceyby + Ddgby — Ddibs — Ddyby + Dd1by

We cancel as much as we can.



azba — a1by — azby = azbz — arbs — azby

— Cegbs + Cerby + Ceaby — Ddobs + Ddybs + Ddaby

+ Cezby — Cerby — Cegby + Ddsbs — Ddiby — Ddsby (8)
agbs — agby — a1bs = azby — ar1by — azby

— Ccaby + Ceyby + Cegby — Ddoby + Ddiby + Ddaby

+ Ccgby — Ceyby — Cegby + Ddaby — Ddibe — Ddyby (9)

In (E) and (B) we move all the parts containing C' to the left. We move all the rest to the right.

Ceobs — Ce1bg — Cegby — Cegby + Ceiby + Cegby = asbs — a1bs — asby — asbs + a1bs + asby

— Ddsbs + Ddybs + Ddsby

+ Ddsbs — Dd1by — Ddsbq (10)
Ceaby — Cerby — Ceoby — Cegby 4+ Ceiby + Cegby = asby — a1by — aoby — agbs + agby + a1bs

— Ddsby + Dd1by + Ddoby

+ Ddybs — Dd1by — Ddyby (11)

In (E) and (@) we express C' on the left side and D on the right side.

C(Cgbg - Clbg - Cle - Cng + Clbg + Cgbl) = a2b3 - CL1b3 — a2b1 — agbg + albg + CLgbl

+ D(dgbg —diby — d3b1 — d2b3 + dlbs + d2b1) (12)
C(caby — c1by — c2by — caba + c1by + caby) = agby — a1by — agsby — asbs + asby + a1be
+ D(daba — diby — daby — dobs + dibs + daby) (13)

We extract C' from (@) and (E)



C (a2b3 — albg — a2b1 — a3b2 + a1b2 + CLgbl)

(cabsz — c1b3 — cabi — c3ba + c1ba + c3b1)
((1264 — 0,11)4 — a2b1 — a4b2 + (Z4b1 + albg)

C

(Cgbg — Clbg — 62b1 — Cgbz + Clbg + Cgbl)
(dabg — dyba — daby — daby + diby + daby)

(02b4 — c1bg — caby — cqba + c1bo + C4b1)

We take C' from (@) and insert it in (@) to get a single equation.

(a2b3 — a1bz — agbi — agbs + a1bs + azby)

(02b4 — c1bg — coby — cqbs + c1boy + C4b1)

(dsby — dyby — dsby — dabs + dybs + doby)

(Cgbg — 01b3 — Cgbl — Cgbz + Clbg + Cgbl)
(a2b4 — a1b4 — a2b1 — a4b2 + a4b1 + albg)

(Cng — Clbg — 02b1 — C3b2 + Clbz + Cgbl) N
(daby — diby — dyby — daby + dyiby + d2by)

(cabs — c1by — caby — caba + c1ba + cabr)

We put all the elements containing D on the left and use brackets to only get one D.

(d3by — dyby — d3by — dabs + dibs + daby)

(cabs — c1by — caby — caba + c1ba + cabr)

(d4b2 — d1by — dgby — doby + d1by + dgbl)

D —
(6263 — Clbg — Cle — 63b2 + Clbg -+ Cgbl) (02b4 — Clb4 — Cgbl — C4b2 + Cle —+ C4b1)
(a2b4 —aiby — asby — agbs + agby + a1b2) B (agbg — a1bs — asby — asbs + a1bs + a3b1)
(Czb4 — Clb4 — Cgbl — C4b2 + Clbg + C4b1) (Cgbg - C1b3 — Cgbl - 03b2 + Clbg + Cgbl)
Now we extract D.
(a2by — arbs — asby — asbs + asby + arbs)  (agbs — a1bs — asby — asbs + a1bs + asby)
D= (€2by — c1by — c2by — c4bo + c1bo + c4b1) (c2b3 — c1b3 — caby — c3ba + c1ba + c3b1)

(dgbg — di1by — d3by — dobs + d1bs + dgbl)

(d4b2 — d1by — daby — daby + di1by + dgbl)

(Cgbg — Clbg — Czbl — Cgbz + Clbg + Cgbl) B

(Cgb4 — Clb4 - Cle — C4b2 + Cle + C4b1)

(16)

We see some common large parts in the denominators of the nested fractions that we could cancel out. This is why we set the common denominator on the nested

fractions.



(a2bs — a1bs — asbr — aabs + asby + a1bz) - (cabs — c1bs — cabi — c3ba + c1ba + c3b1) — (azbs — a1bs — a2bi — azba + a1bz + azb1) - (c2bs — c1bs — caby — caba + c1b2 + caby)
(cabs — c1ba — cab1 — caba + c1ba + cabi) - (c2bs — c1bg — cabi — c3ba + c1b2 + c3b1)

(d3ba — d1ba — d3by — dabz + dibs + daby) - (c2bs — c1bs — caby — caba + c1by + cabr) — (daba — diby — daby — daba + dibs + daby) - (cabs — c1b3 — c2bi — c3ba + c1b2 + c3b1)
(c2bs — c1bg — cabi — c3ba + c1ba + ¢3b1) - (c2ba — c1ba — cabr — caba + c1ba + cabr)

D=

Now the common denominators of the both nested fractions are the same! and they cancel each other out!

(a2bs — a1by — azb1 — asbz 4+ aab1 + a1b2) - (c2bs — c1bs — caby — c3ba + c1b2 + c3b1) — (a2bs — a1bs — a2b1 — asba + a1ba + azby) - (c2bs — c1ba — caby — caba + c1ba + caby)
(d3bz — diba — dsb1 — dabs + dibs + dab1) - (c2bs — c1bs — cabr — caba + c1bo + c4b1) — (daba — dibo — daby — d2abs + d1bs + d2b1) - (c2b3 — c1b3 — caby — c3b2 + c1b2 + ¢3b1)

D=

At this point we should get rid of all the brackets and cancel out as much as possible, but we do not want to complicate too much as D is already extracted! This is
why we just insert back the used substitutions with inserted resistance and temperature value pairs. But because this calculation can’t fit on the paper we do it in the
calculatort.

3We ommit the units.
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And we get a value D = —0.99704106394712860967.




Now we can return back to a point where we had two equations, namely (@) and (@) This time we solve system of these two equations differently. We extract D from
both of them.

C(cabs — c1bg — caby — c3ba + c1bg + c3b1) = agbs — a1bs — asby — agby + a1bs + asby

+ D(dsby — dibs — dsbi — dobs + dibs + daby)
Ceaby — c1by — caby — e4bg + c1ba + c4by) = agby — a1by — asby — agbs + agby + arby

+ D(dyby — diby — dyby — daby + d1by + d2by)

Do oleabs —c1bs —caby —csby +erba +esby)  (asbs — a1bs — asby — asby + asbs + ashy) (17)
(d3by — dyby — d3by — dabs + dibs + dab1)  (dsby — diba — d3by — dabs + d1bs + daby)

D=C (c2by — c1by — caby — c4ba + c1bg + c4by) _ (a2by — arby — azby — agby + asby + a1by) (18)
(d4b2 —diby — daby — doby + d1by + d2b1) (d4b2 —d1by — daby — doby + diby + dgbl)

Now we take D from (@) and insert it in (@) to get a single equation for C.

a2b3 — a163 — a2b1 — agbg + a1b2 + a3b1

c2b3 — c1b3 — by — c3ba + c1ba + c3b1) )

dsby — d1by — d3by — dabs + d1bs + dgbl) B
)
)

(

C _
(dsby — d1bg — dsby — dabs + dqbs + daby)
(c2by — c1bs — cob1 — caby + c1by +cabr)

(dibs — diby — daby — dabs + dibs + daby)

a2by — a1by — asby — agbs + agby + arbs
daby — diby — dgby — daby + diby + daby

—~|— |

We put all the elements containing C' on the left and use brackets to only get one C.

(Cng — C1b3 — Cgbl — 03b2 + Clbg + Cgbl) (Cgb4 — 01b4 — Czbl — C4b2 + C1b2 + C4b1)

(dsby — d1by — d3by — dabs + dibz + d2bi)  (daba — diba — daby — dobs + d1bs + dabr)
(a2b3 —aibz — asby — azbs + arbs + a3b1) (a2b4 — a1by — ashby — asbs + agby + albg)

(dsby — d1bgy — d3by — dabs + d1bs + dab1)  (daba — diby — daby — dabs + diba + daby)

Now we extract C.



(a2b3 — a1bs — asby — asbs + a1by + a3bl) (a2b4 — a1by — asby — agbs + agby + albg)

(dsba — d1be — d3by — dabs + d1bs + doby)  (diba — d1ba — dyby — daby + d1by + daby)
(cabs — c1b3 — cab1 — c3ba + c1ba + c3b1) B (cobs — c1by — caby — caba + c1ba + cabr)

(dgbz — d1bs — dsby — dabs + di1bs + dgbl) (d4b2 —d1by — daby — doby + d1by + dgbl)

C:

We see some common large parts in the denominators of the nested fractions that we could cancel out. This is why we set the common denominator on the nested
fractions.

(a2bs — a1bs — azb1 — asba + a1b2 + asbi) - (daba — diba — dabi — dabs + diba + d2b1) — (a2bs — a1bs — a2bi — aaba + asbi + a1b2) - (dsba — d1b2 — dsb1 — dabs + d1bs + d2b1)
(dsba — diba — dsb1 — dabs + dibs + dab1) - (daba — diba — daby — dabs + d1bs + da2br)
(c2bs — c1bg — cab1 — c3ba + c1ba + c3b1) - (daba — diba — dab1 — dabs + d1ba + dab1) — (c2bs — c1ba — cab1 — caba + c1ba + cabi) - (dsba — d1ba — dsbi — dabs + dibs + d2b1)
(dsbz — diba — dsby — dabs + dibs + dab1) - (dabz — diba — daby — dabs + d1bs + da2br)

C =

Now the common denominators of the both nested fractions are the same! and they cancel each other out!

a2bs — a1bz — az2b1 — asba + a1ba + asb1) - (daba — d1ba — daby — doba + d1ba + d2bi) — (a2bs — a1bs — a2bi — aabs + aabr + a1b2) - (dsba — diba — dsbi — dabs + d1b3 + da2b1)

(
C =
(cabs — c1bg — cab1 — c3ba 4 c1ba + c3b1) - (daba — diba — dab1 — dabs + diby + dab1) — (cabs — c1bs — cab1 — caba + c1ba + cab1) - (dzba — diba — d3b1 — dabs + d1b3 + d2b1)

At this point we should get rid of all the brackets and cancel out as much as possible, but we do not want to complicate too much as C is already extracted! This is
why we just insert back the used substitutions with inserted resistance and temperature value pairs. But because this calculation can’t fit on the paper we do it in the
calculatorf.

-d2b4 +dlbd+d -
€3bl) *(d4b2-d1lb2-c

And we get a value of C' = 0.00000943197911512071.

4We ommit the units again.
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Now we can return back to where we had three equations. We don’t need all three of them. We simply input C' and D in (E) to get equation for B. Because this
equation would be very long, we will not derive it. We will only insert the numerical values for C, D to calculate the coefficient B.

((ZQ — al) — C(CQ — Cl) — D(dg — dl)

b= (b2 — b1)

cl 5

And we get B = 383.35348690019995163549.

At the end we return back to where we had four equations. Again, we don’t need all four of them. We simply input C', D and B in (E) to get equation for A. Because
this equation would be very long, we will not derive it. We will only insert the numerical values for B, C' and D to calculate the coefficient A.

A:a1—Bb1—Ccl—Dd1

- Ckc 1 - DA 1
7693610481697

And we get A = —2825.72956067693610481697.
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