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Uncertainty analysis

In our experiment for measuring thermal rectification, we have the following uncertainties:

Uncertainty in electrical measurements for current, voltage, resistance and dissipated power
(denoted by I, V, R, and P, respectively) for both fixed and moving terminals.

Uncertainty in chuck temperature measurement (denoted by T,;)

Uncertainty in the correlation between the coil resistance and its temperature (denoted by
O6TCR)

Uncertainty in estimating terminal temperature (denoted by 6T)

Uncertainty in the correlation between AT = Ty, — Tipop and Qp, (to get the Qposs fix)
Uncertainty in Correlation between Ty, and Qfix—_mop (to estimate uncertainty in Qfix_mov)
Uncertainty in Correlation between Ty, and Q455 moy (to estimate uncertainty in Qs mov)

The analysis of the aforementioned uncertainties is explained in the following sections:

1-

Uncertainty in electrical measurements for current, voltage, resistance and dissipated power
in terminals

Electrical measurements were performed using Keithley SourceMeter2602 B. The uncertainty in
measured voltage and measured current was adopted from the datasheet document ‘Model
2601A/2602A System SourceMeter® Specifications’ !

a. Errorin measured current 61

Current range Uncertainty 61
<100 uA 0.02% X I + 25nA
<1mA 0.02% x 1+ 200 nA
<10mA 0.02% X I + 2.5 uA

b. Errorin measured voltage

Voltage range Uncertainty 6V

<1V 0.015% x V + 200 uV
<6V 0.015% xV +1mV
<40V 0.015% xV +8mlV

The uncertainty in the calculated resistance and power were calculated using the technique
published in 2:

c. Uncertainty in calculated electrical resistance

; V R 1 OR
From the resistance formula R = -, — = - =

14 . .
we can estimate the uncertainty

rav_1’a1  1?
in resistance OR;
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d. Uncertainty in calculated electrical power dissipation

. .. . apP oP ..
From the electrical power dissipation P = IV,W = I’E =V, the power dissipated can

be estimated from;

8P = \/(3—551/)2 + (Z—II) 51)2 =JU8V)2 + (V&I)?

Uncertainty in chuck temperature measurement (denoted by 6T ;)

Chuck temperature measurement were performed using Lake Shore temperature controller
(335 series). We have used a resistance temperature detector (RTD) made of platinum, with a
positive temperature coefficient (PTC). The temperature measurement error was adopted from
the user’s manual®, which was 62 mK for a temperature range below 300 K, and 106 mK
otherwise.

Uncertainty in the correlation between the coil resistance and its temperature (denoted by
OTCR)

The temperature coefficient of resistance (TCR) is calculated from the experimental relationship
between the terminal resistance and its corresponding temperature (i.e., chuck temperature).
The TCR relation is found by regression analysis; by fitting the experimental data points
corresponding to terminal resistance and its corresponding temperature (i.e., chuck
temperature) to a quadratic relationship. The uncertainty in the TCR at each point (6T CR) is
assumed to be the maximum of the two values; 6T, and SR X dT /dR, as illustrated in
Supplementary Fig. S1 (assuming that x and y are corresponding to R and T, respectively).

dT /dR is determined by the TCR relationship (i.e., the slope of the fitting curve).

] Sx

oy

Fitting envelope should be .
the larger of the two values:

dy Pt
dy Or 5x><a i

Supplementary Figure S1
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4- Uncertainty in estimating terminal temperature (denoted by 8T)

During heat transfer experiments, the terminal temperature is estimated from resistance
measurement. The uncertainty of estimated temperature can be evaluated from the

relationship 6T = SR X Z—:; + OTCR, which can be inferred geometrically from Supplementary
Fig. S2. Z—; is evaluated from the TCR relationship. For example, if the fitting has the form T =

aR? + bR +c, thenZ—Z = 2aR + b.

From geometry, it is easily inferred that the uncertainty
in temperature estimation 8T

. Is the sum of 6R Xz—gand 6TCR

r dar
0T = 6R X ==+ 6TCR
dR I
Envelope of uncertainty in R

‘/’ Curve fitting for TCR
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Supplementary Figure S2

5- Uncertainty in the correlation between AT = Tf;y — Tp,0, and Qp, (to get the Q45 fix)

a. Uncertainty in AT = Tgy — Trppp = Trix-mow
The uncertainty in the temperature difference §Tf;x_moy is evaluated with the method

listed in 2

2
anix—mov ] > + <6Tfix—mov

2
2
aT. 6Tmov> = \/(6Tfix) + (_5Tmov)2
mov
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b. Uncertainty in fitting the relation between Tr;y_0, and Oy
The uncertainty in the fitting relationship between Tf;y_;0, and Qf;y can be evaluated

using Supplementary Fig. S1; and it is the maximum of § Q.0 and §Tfx—mop X
deOU
deix—mov

c. Uncertainty in Qg £ix o
It is the uncertainty in fitting the relation between Tf;y_p0y and @y, but evaluated at

Tfix—mov =0.
6- Uncertainty in Correlation between T, and Q;x_moy (to estimate uncertainty in Qf;x_mov)

Qfix—mov is calculated from Qix_mop = Qrix — Qross,rix,0- Accordingly, the uncertainty in the
heat transfer value §Qfix—mov is evaluated from;

Q- t (29 2
M(SQh) +(M5Qloss,ﬂx,0>

anix anoss,fix,O
_ 2 2 _ 2 2
- (Sinx) + (_6Qloss,fix,0) - 6inx + SQloss,fix,O

5inx—mov = <

7- Uncertainty in Correlation between T,,,,, and Q ;5 mor (to estimate uncertainty in Q455 mov)

Q1oss,mov is calculated from Qo5 mov = Qfix + Omov — Qioss,fix,0- Accordingly, the uncertainty
in the heat losses from the moving terminal § Q455 moy is evaluated from;

8Qic = (?)((2)[: 5Qh)2 + (ZLQI:SQC)Z + (%5tho)2 = \/6th +68Qc” + 6Quno”
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