Fisica Experimental / Laboratorio |

Medicion de Temperatura

- Propondremos al menos una practica que involucre alguna medicionde T

- Instrumentos para determinar cuantitativamente calor -frio

- Temperatura — manifestacion de la energia térmica presente en la materia



Temperatura mas

baja obtenida Plasma en

artificialmente rea-c,tores de Teoria, 10*4s
Ordenamiento de fusion 500 MK después del Big
momentos Bang

nucleares 100pK

Temperatura (K)

las convenciones para medir
temperatura se basan en
fendmenos fisicos y puntos fijos.

0.65 K ITS-90 1358 K International Temperature Scale

0.9 mK PLTS-2000 1K  Preliminary Low Temperature Scale
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Termometros que se usan en el laboratorio

- Expansion térmica de solidos, liquidos o gases
- Poder termoeléctrico: Termocuplas

- Resistencia eléctrica de metales o semiconductores

interes

- Termometros electronicos

- Emisidn de radiacion: Pirdmetros Medicion a
distancia




Expansion térmica de sdlidos, liquidos o gases
V=V, [1+a(T—-T,)]
A()L — A()LO [1 + a (T — To)]

L=Ly [1+a(T —Ty]

Supuesto
A, constante alolargo deltubo

- e ’&C Rango en que la sustancia
: permanece liquida.
Bulbo | apilar

Mercurio, -37C hasta 356C.
Si se incluye un gas inerte

AV Alcohol 1.01x103 K (Nitrogeno) y paredes que
soporten la presion se puede

|4 (AT) Mercury 1.8 x 104 K1 extender el rango hasta 800C.




Poder termoeléctrico: Termocuplas

Efecto Seebeck

Barra o alambre metalico

r, T T

] — O-.E “LETﬁT

Si J=0 E=—22VUT=-S.VT

Vz—fE.dxsz.—.dxz f S.dT
L dx T,
1



Termocuplas

T, Ty T, I,
V=|8,-dT+[S,-dT+[S,-dT =[S,-dT +[S,-dT
T T, T; I; T

TE
V=[(S,~S,)-dT =AS-(T,~T))
T,

Supuesto AS # f(T)
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CERO ELECTRONICO
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, Circuito que proporciona la tension
Vi VA \ equivalente a la que resulta al poner hielo

en la segunda juntura

Tp T 0 Tp Ty
V =f SC‘LLdT—I—j SFedT-I_f Sch+f SFedT-I_f SCudT

Tg T 0 Tg




- Resistencia eléctrica de metales o semiconductores

Thermistor

vorR

RTD

Thermocouple



Resistencias de metales — (Pt100)

T C!nrrnaclran \ T T

Resistance Thermometer 1o leads Connection Leads Sheath Insulator

p=p,(+a-T)

0,3850/ C
Standard Europeo
0,3920/ C
o Standard Americano
40-50K 1000K f



Termistores

Semiconductores

l'.l R <0
dT

\ Ecuacion de Steinhart-Hart

%=A+B-lnR+C(lnR)3

—

- Se usan principalmente a bajas temperaturas



Se suele usar puentes de wheastone para
medir resistencias a bajas temperaturas

- Evita la alta disipacion (Joule) en el T Vo
termémetro por la baja corriente con
que es posible medir en esta
configuracion.

WHEATSTONE BRIDGE
Vo (RS_RT)

~ 2 (Ry+R3)

Horno o criostato

R
R éT

_Vo (R3—2R¢ — Ry)
2 (Ry+2R. + R3)




Se suele usar puentes de wheastone para medir
resistencias a bajas temperaturas

- Evita la alta disipacién (Joule) en el termémetro  —L_

por la baja corriente con que es posible medir en T VO
esta configuracion.

V.(R.—R
V = o (R3—Ry) WHEATSTONE BRIDGE
2 (Rr+R3)

Horno o cridstato
R, -
_ VO C
R % Rr
B
3-WIRE BRIDGE V, (Rz+R; — (Rr+R())
- El método de tres puntas evita errores V= 2 (RT+2RC + R3)

sitematicos por gradientes de temperatura en
los cables.



-—ji =0
'I DVM

a——j =0
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4-WIRE OHMS MEASUREMENT

Voltaje de +O B T
termocupla _ 1
puede _ ‘ <] =0

aparecer si I A
hubiera una DVM i =0
diferenciade T =

entre los -0 3 T2
extremos de R; L

V=1iR(T) + (84 — Sp)(T; — T})

Ejercicio: Como eliminar este
voltaje de termocupla?
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Standard Temperature Response (Curve 10) for CY7 Series Sensors.
All Sensors Track this Curve Within Specified Tolerance Bands.

Termometros digitales se instrumentan de
forma sencilla con arduinos.

En este caso la corriente,
tipicamente de
microamperes debe ser
muy estable.




En el laboratorio encontraremos del tipo:

- Expansion térmica de sdlidos, liquidos o gases
Termometros de mercurio de precision para chequear temperaturas de cuerpos
sumergidos en fluidos.

- Poder termoeléctrico: Termocuplas
Experimentos de - expansion térmica del Al

- Intercambio de calor en fluido de dos fases (Leidenfrost)
- Conductividad térmica del Cu.

- Calor latente del vaporizacion del N - Viscosidad

- Resistencia eléctrica de metales o semiconductores
En experimentos de - Curva Presion- Temperatura del Nitrogeno Liquido

- Termdmetros electronicos

En experimentos de - Conductividad térmica del Cu - Celda Peltier.
- Equivalente eléctrico de la caloria. - Calor especifico

El contacto térmico entre termdmetro y medio de interés
debe ser muy bueno para evitar lecturas erroneas



PIROMETROS

Radiacion
incidente

R I

|I=R+T+A

En un cuerpo negro
R=T=0

En equilibrio A=E

Intensidad radiada

$

Se basan en la medicion de la energia

radiada por un cuerpo negro
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Material

Aluminum foil

Aluminum, anodized
Asphalt

Brick

Concrete, rough

Copper, polished
Copper, oxidized

Glass, smooth (uncoated)

Ice

Limestone

Marble (polished)
Paint (including white)

Paper, roofing or white
Plaster, rough

Silver, polished

Silver, oxidized

Snow

Water, pure

Emissivity
0.03
0.9l
0.88
0.90
0.91
0.04
0.87

0.95

0.97

0.92
0.89t0 0.92
0.9

0.88 to 0.86
0.89

0.02

0.04

0.8t0 0.9
0.96


https://en.wikipedia.org/wiki/Aluminum_foil
https://en.wikipedia.org/wiki/Anodized
https://en.wikipedia.org/wiki/Emissivity
https://en.wikipedia.org/wiki/Asphalt
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Glass
https://en.wikipedia.org/wiki/Ice
https://en.wikipedia.org/wiki/Limestone
https://en.wikipedia.org/wiki/Marble
https://en.wikipedia.org/wiki/Plaster
https://en.wikipedia.org/wiki/Silver
https://en.wikipedia.org/wiki/Snow
https://en.wikipedia.org/wiki/Water

Absolute zero
(precisely by definition)

Coldest measured
temperature 141

One millikelvin
(precisely by definition)

Cosmic Microwave Background
Radiation

Water's triple point
(precisely by definition)

Incandescent lamp®

Sun’s visible surfacecltel

Lightning bolt’s
channel

Sun’s core

Thermonuclear explosion
(peak temperature)iZl

Sandia National Labs’
Z machine P18l

Core of a high—mass
star on its last day!*°]

Merging binary neutron
star system 1201
Gamma-ray burst
progenitors(21l

Relativistic Heavy
lon Collider(?2

CERN'’s proton vs.
nucleus collisions!23!

Universe 5.391 x 104 s
after the Big Bang

0K

450 pK

0.001 K

2.725 48(57) K

273.16 K

2500 K

5778 K

28,000 K
16 MK

350 MK

2 GK

10TK

1.417 x 102K

6,400 kilometers

2.897 77 meters
(Radio, FM band)s!

1.063 mm (peak wavelength)

10,608.3 nm
(Long wavelength I.R.)

1160 nm
(Near infrared)C

501.5nm
(Green light)

100 nm
(Far Ultraviolet light)

0.18 nm (X-rays)
8.3x 1073 nm
(Gamma rays)

1.4x 103 nm
(Gamma rays)

1x103 nm
(Gamma rays)

8 x10°°nm
(Gamma rays)

3x10%nm
(Gamma rays)

3x10®nm
(Gamma rays)

3x 107 nm
(Gamma rays)

1.616 x 1026 nm
(Planck frequency)24



https://en.wikipedia.org/wiki/Wavelength
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Wien's_displacement_law
https://en.wikipedia.org/wiki/Wien's_displacement_law
https://en.wikipedia.org/wiki/Wien's_displacement_law
https://en.wikipedia.org/wiki/Absolute_zero
https://en.wikipedia.org/wiki/Infinity
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Kilometre
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/FM_broadcasting
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Cosmic_Microwave_Background_Radiation
https://en.wikipedia.org/wiki/Cosmic_Microwave_Background_Radiation
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Vienna_Standard_Mean_Ocean_Water
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Metre
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Incandescent_light_bulb
https://en.wikipedia.org/wiki/Incandescent_light_bulb
https://en.wikipedia.org/wiki/Infrared
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Color
https://en.wikipedia.org/wiki/Lightning
https://en.wikipedia.org/wiki/Ultraviolet
https://en.wikipedia.org/wiki/Sun
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/X-ray
https://en.wikipedia.org/wiki/Thermonuclear_explosion
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Gamma_ray
https://en.wikipedia.org/wiki/Z_Pulsed_Power_Facility
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Silicon_burning_process
https://en.wikipedia.org/wiki/Silicon_burning_process
https://en.wikipedia.org/wiki/Silicon_burning_process
https://en.wikipedia.org/wiki/Silicon_burning_process
https://en.wikipedia.org/wiki/Silicon_burning_process
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Neutron_star
https://en.wikipedia.org/wiki/Neutron_star
https://en.wikipedia.org/wiki/Neutron_star
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Gamma-ray_burst_progenitors
https://en.wikipedia.org/wiki/Gamma-ray_burst_progenitors
https://en.wikipedia.org/wiki/Gamma-ray_burst_progenitors
https://en.wikipedia.org/wiki/Gamma-ray_burst_progenitors
https://en.wikipedia.org/wiki/Gamma-ray_burst_progenitors
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Relativistic_Heavy_Ion_Collider
https://en.wikipedia.org/wiki/Relativistic_Heavy_Ion_Collider
https://en.wikipedia.org/wiki/Relativistic_Heavy_Ion_Collider
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/CERN
https://en.wikipedia.org/wiki/Thermodynamic_temperature
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Planck_time
https://en.wikipedia.org/wiki/Big_Bang
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_temperature
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Planck_length
https://en.wikipedia.org/wiki/Thermodynamic_temperature

Value
101K

1072 K

1073 K

10¢ K

102K

10712 K

107K

10718 K

10721 K

10724 K

SI multiples for kelvin (K)

Submultiples

Sl symbol
dK

cK

mK

puK

nK
pK
fK

ak

zK

yK

Name

decikelvin
centikelvin
millikelvin

microkelvin

nanokelvin
picokelvin
femtokelvin
attokelvin

zeptokelvin

yoctokelvin

Value
101 K

102 K

103K

108 K

10° K

1012 K

101> K

108 K

102t K

1024 K

Multiples
S| symbol
dak

hK
kK

MK

GK
TK
PK
EK

ZK

YK

Name

decakelvin
hectokelvin
kilokelvin

megakelvin

gigakelvin
terakelvin
petakelvin
exakelvin

zettakelvin

yottakelvin



| substance | T[I() T e T G

Argon

Carbon (graphite)
Deuterium
Hydrogen
lodinef?®]

Krypton

Mercury
Neon

Nitrogen

Oxygen
Palladium

Platinum
Radon
Titanium

Uranium hexafluoride

Waterl4[>]

Xenon

Zinc

83.81 K (-189.34 °C)
4,765 K (4,492 °C)
18.63 K (-254.52 °C)
13.84 K (-259.31 °C)
386.65 K (113.50 °C)
115.76 K (-157.39 °C)
234.2 K (-39.0 °C)
24.57 K (-248.58 °C)
63.18 K (-209.97 °C)
54.36 K (-218.79 °C)
1,825 K (1,552 °C)
2,045 K (1,772 °C)
202 K (-71 °C)

1,941 K (1,668 °C)
337.17 K (64.02 °C)

273.16 K (0.01 °C)

161.3 K (-111.8 °C)
692.65 K (419.50 °C)

68.9 kPa (0.680 atm)
10,132 kPa (100.00 atm)
17.1 kPa (0.169 atm)
7.04 kPa (0.0695 atm)
12.07 kPa (0.1191 atm)
74.12 kPa (0.7315 atm)
1.65 x 1077 kPa

43.2 kPa (0.426 atm)
12.6 kPa (0.124 atm)
0.152 kPa (0.00150 atm)
3.5x 1073 kPa

2.0 x 10™* kPa

70 kPa (0.69 atm)

5.3 x 1073 kPa

151.7 kPa (1.497 atm)

0.611657 kPa
(0.00603659 atm)

81.5 kPa (0.804 atm)
0.065 kPa (0.00064 atm)


https://en.wikipedia.org/wiki/Kelvin
https://en.wikipedia.org/wiki/Celsius
https://en.wikipedia.org/wiki/Celsius
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Atmosphere_(unit)
https://en.wikipedia.org/wiki/Argon
https://en.wikipedia.org/wiki/Graphite
https://en.wikipedia.org/wiki/Deuterium
https://en.wikipedia.org/wiki/Hydrogen
https://en.wikipedia.org/wiki/Iodine
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Krypton
https://en.wikipedia.org/wiki/Mercury_(element)
https://en.wikipedia.org/wiki/Neon
https://en.wikipedia.org/wiki/Nitrogen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Palladium
https://en.wikipedia.org/wiki/Platinum
https://en.wikipedia.org/wiki/Radon
https://en.wikipedia.org/wiki/Titanium
https://en.wikipedia.org/wiki/Uranium_hexafluoride
https://en.wikipedia.org/wiki/Water
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Triple_point
https://en.wikipedia.org/wiki/Xenon
https://en.wikipedia.org/wiki/Zinc

