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Welcome to heatcapacity’s documentation!

This is the documentation of the heatcapacity library. It is divided into three
parts, a quick overview, the user guide
and of course the api reference.


Overview

from slave.transport import LinuxGpib
import heatcapacity as hc

# We use a Keithley model 6221 as current source,
source = hc.K6221CurrentSource(LinuxGpib(8))

# a Keithley model 2182A Nanovoltmeter to measure the voltage drop at the
# heater,
powermeter = hc.K2182Powermeter(LinuxGpib(9))

#and a lakeshore model 370 to determine the platform temperature.
thermometer = hc.LS370Thermometer(LinuxGpib(10))

# We sample at a rate of 0.1 s and use a step pulse with 1 uA to excite the
# system.
sampling_time = 0.1
pulse_sequence = [0.] * 60 * sampling_time + [1.] * 60 * sampling_time

# The PulseMeasurement object is used to acquire the data.
measurement = hc.PulseMeasurement(currentsource, powermeter, thermometer,
                                  pulse, sampling_time)
timestamp, power, temperature = measurement.start()

# We fit a first order model to get the heat capacity.
model = hc.FirstOrderModel.fit(timestamp, temperature, power)

print('C {}; K {}'.format(model.heat_capacity, model.thermal_conductivity))








User Guide



	Installing heatcapacity
	Installing from source

	Installing the latest development version












API Reference

This part of the documentation covers the complete api of the heatcapacity
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Installing heatcapacity


Note

This is not yet available.



Installation is quite easy. The latest stable version is available on the
python package index [https://pypi.python.org/pypi/heatcapacity] or github [https://github.com/p3trus/heatcapacity/tags]. It can be installed with the package
managers pip or easy_install via:

pip install heatcapacity





or:

easy_install heatcapacity






Installing from source

To install it from source, download and extract it and execute:

python setup.py install








Installing the latest development version

To work with the latest version of the heatcapacity library, clone the github
repository and install it in development mode:

git clone git://github.com/p3trus/heatcapacity.git
cd heatcapacity
python setup.py develop
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API

This part covers the complete api documentation of the heatcapacity library.


heatcapacity Package

from slave.transport import LinuxGpib
import heatcapacity as hc

# We use a Keithley model 6221 as current source,
source = hc.K6221CurrentSource(LinuxGpib(8))

# a Keithley model 2182A Nanovoltmeter to measure the voltage drop at the
# heater,
powermeter = hc.K2182Powermeter(LinuxGpib(9))

#and a lakeshore model 370 to determine the platform temperature.
thermometer = hc.LS370Thermometer(LinuxGpib(10))

# We sample at a rate of 0.1 s and use a step pulse with 1 uA to excite the
# system.
sampling_time = 0.1
pulse_sequence = [0.] * 60 * sampling_time + [1.] * 60 * sampling_time

# The PulseMeasurement object is used to acquire the data.
measurement = hc.PulseMeasurement(currentsource, powermeter, thermometer,
                                  pulse, sampling_time)
timestamp, power, temperature = measurement.start()

# We fit a first order model to get the heat capacity.
model = hc.FirstOrderModel.fit(timestamp, temperature, power)

print('C {}; K {}'.format(model.heat_capacity, model.thermal_conductivity))








fit module


	
class heatcapacity.fit.FirstOrder(b, a)[source]

	Bases: scipy.signal.ltisys.lti

First order heat capacity differential equation model.

The first oder heat capacity differential equation is


C * dy/dt + K * y = u


with C the heat capacity, K the thermal conductivity, y the temperature and
u the heater power. This is a special case of a linear time invariant first
order system


a0 * dy/dt + a1 * y = b0 * du(t)/dt + b1 * u(t)


The corresponding transferfunction is



b0 * s^1 + b1 * s^0



	G(s) = ——————-

	a0 * s^1 + a1 * s^0







Note

We normalize the transfer function to a0 = 1. on instatiation.







	Parameters:	
	b – Numerator polynom.

	a – Denominator polynom.










	
classmethod fit(t, y, u)[source]

	Fits a first order heat capacity model.





	Parameters:	
	t – A sequence of timestamps.

	y – A sequence of temperatures.

	u – A sequence of heater power values.














	
classmethod from_ck(heat_capacity, thermal_conductivity)[source]

	




	
heat_capacity

	




	
thermal_conductivity

	










measure module


	
class heatcapacity.measure.CurrentSource[source]

	Bases: future.types.newobject.newobject

Abstract base class defining the current source interface.


	
current

	








	
class heatcapacity.measure.Measurement(currentsource, powermeter, thermometer)[source]

	Bases: future.types.newobject.newobject

Abstract base class defining the heat capacity measurement interface.





	Parameters:	
	currentsource – An object implementing the CurrentSource
interface.

	powermeter – An object implementing the Powermeter interface.

	thermometer – An object implementing the Thermometer
interface.










	
measure()[source]

	Measures the time, heater power and platform temperature.






	
start()[source]

	Starts the heat capacity measurement.










	
class heatcapacity.measure.Powermeter[source]

	Bases: future.types.newobject.newobject

Abstract base class defining the powermeter interface.


	
voltage

	








	
class heatcapacity.measure.PulseMeasurement(currentsource, powermeter, thermometer, pulse, sampling_time)[source]

	Bases: heatcapacity.measure.Measurement

A heat capacity measurement using a predefined pulse sequence.





	Parameters:	
	currentsource – An object implementing the CurrentSource
interface.

	powermeter – An object implementing the Powermeter interface.

	thermometer – An object implementing the Thermometer
interface.

	pulse – A sequence of current values.

	sampling_time – The sampling time.










	
start()[source]

	Starts the heat capacity measurement.










	
class heatcapacity.measure.Thermometer[source]

	Bases: future.types.newobject.newobject

Abstract base class defining the thermometer interface.


	
temperature

	










simulation module


	
class heatcapacity.simulation.Simulation(model, heater_resistance, noise_level)[source]

	Bases: object

The Simulation object can be used if a real experiment is not available.





	Parameters:	
	model – An lti model used to simulate the temperature output.

	heater_resistance – A resistance in ohm used to calculate the voltage
drop.

	noise_level – A sample taken from the standard normal distribution
scaled by the noise_level is added to the simulated temperature output.









E.g.:

import heatcapacity as hc

sim = hc.Simulation(
    hc.FirstOrder.from_ck(0.005, 0.002),
    heater_resistance=1e3,
    temperature_noise=0.1
)
sampling_time = 0.1
pulse_sequence = [0.] * 60 * sampling_time + [1.] * 60 * sampling_time

measurement = hc.PulsMeasurement(
    currentsource=sim, powermeter=sim, thermometer=sim,
    pulse=pulse_sequence, sampling_time=sampling_time)

measurement.start()






	
temperature

	Simulates the temperature response to the current change.






	
voltage
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  Source code for heatcapacity.fit

#  -*- coding: utf-8 -*-
from __future__ import (absolute_import, division,
                        print_function, unicode_literals)
from future.builtins import *

import numpy as np
from scipy import interpolate, linalg, signal


[docs]class FirstOrder(signal.lti):
    """First order heat capacity differential equation model.

    The first oder heat capacity differential equation is

        C * dy/dt + K * y = u

    with C the heat capacity, K the thermal conductivity, y the temperature and
    u the heater power. This is a special case of a linear time invariant first
    order system

        a0 * dy/dt + a1 * y = b0 * du(t)/dt + b1 * u(t)

    The corresponding transferfunction is

               b0 * s^1 + b1 * s^0
        G(s) = -------------------
               a0 * s^1 + a1 * s^0

    .. note::

        We normalize the transfer function to `a0 = 1.` on instatiation.

    :param b: Numerator polynom.
    :param a: Denominator polynom.

    """
    def __init__(self, b, a):
        # Normalize transfer function.
        b = np.array(b) / a[0]
        a = np.array(a) / a[0]
        super(FirstOrder, self).__init__(b, a)

    @classmethod
[docs]    def from_ck(cls, heat_capacity, thermal_conductivity):
        b = [0., 1. / heat_capacity]
        a = [1., thermal_conductivity / heat_capacity]
        return cls(b, a)


    @property
    def heat_capacity(self):
        return 1. / self.num[1]

    @property
    def thermal_conductivity(self):
        return self.den[1] / self.num[1]

    @classmethod
[docs]    def fit(cls, t, y, u):
        """Fits a first order heat capacity model.

        :param t: A sequence of timestamps.
        :param y: A sequence of temperatures.
        :param u: A sequence of heater power values.

        """
        yspline = interpolate.UnivariateSpline(t, y, s=0)
        uspline = interpolate.UnivariateSpline(t, u, s=0)

        ti = np.linspace(np.min(t), np.max(t), len(t))
        yi = yspline(ti)
        dyi = yspline.derivative(n=1)(ti)
        ui = uspline(ti)
        result = linalg.lstsq(np.hstack((yi[:,None], ui[:, None])) , dyi)[0]

        b = np.r_[0., result[1]]
        a = np.r_[1., - result[0]]

        return cls(b, a)
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  Source code for heatcapacity.measure

#  -*- coding: utf-8 -*-
from __future__ import (absolute_import, division,
                        print_function, unicode_literals)
from future.builtins import *
import time


[docs]class Measurement(object):
    """Abstract base class defining the heat capacity measurement interface.

    :param currentsource: An object implementing the :class:`CurrentSource`
        interface.
    :param powermeter: An object implementing the :class:`Powermeter` interface.
    :param thermometer: An object implementing the :class:`Thermometer`
        interface.

    """
    def __init__(self, currentsource, powermeter, thermometer):
        self.currentsource = currentsource
        self.powermeter = powermeter
        self.thermometer = thermometer

[docs]    def start(self):
        """Starts the heat capacity measurement."""
        raise NotImplementedError()


[docs]    def measure(self):
        """Measures the time, heater power and platform temperature."""
        timestamp = time.time()
        current = self.currentsource.current
        heater_voltage = self.powermeter.voltage
        temperature = self.thermometer.temperature
        return timestamp, current * heater_voltage, temperature




[docs]class CurrentSource(object):
    """Abstract base class defining the current source interface."""
    @property
    def current(self):
        raise NotImplementedError()

    @current.setter
    def current(self, value):
        raise NotImplementedError()



[docs]class Powermeter(object):
    """Abstract base class defining the powermeter interface."""
    @property
    def voltage(self):
        raise NotImplementedError()



[docs]class Thermometer(object):
    """Abstract base class defining the thermometer interface."""
    @property
    def temperature(self):
        raise NotImplementedError()



[docs]class PulseMeasurement(Measurement):
    """A heat capacity measurement using a predefined pulse sequence.

    :param currentsource: An object implementing the :class:`CurrentSource`
        interface.
    :param powermeter: An object implementing the :class:`Powermeter` interface.
    :param thermometer: An object implementing the :class:`Thermometer`
        interface.
    :param pulse: A sequence of current values.
    :param sampling_time: The sampling time.

    """
    def __init__(self, currentsource, powermeter, thermometer, pulse, sampling_time):
        super(PulseMeasurement, self).__init__(currentsource, powermeter, thermometer)
        self.pulse = pulse
        self.sampling_time = sampling_time

[docs]    def start(self):
        """Starts the heat capacity measurement."""
        data = []
        for current in self.pulse:
            start = time.time()
            self.currentsource.current = current
            data.append(self.measure)
            while (time.time() - start) < self.sampling_time:
                time.sleep(self.sampling_time / 100.)
        timestamp, power, temperature = zip(*data)
        return timestamp, power, temperature
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  All modules for which code is available


		heatcapacity.fit


		heatcapacity.measure


		heatcapacity.simulation
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  Source code for heatcapacity.simulation

from heatcapacity.fit import FirstOrder


[docs]class Simulation(object):
    """The Simulation object can be used if a real experiment is not available.

    :param model: An lti model used to simulate the temperature output.
    :param heater_resistance: A resistance in ohm used to calculate the voltage
        drop.
    :param noise_level: A sample taken from the standard normal distribution
        scaled by the `noise_level` is added to the simulated temperature output.

    E.g.::

        import heatcapacity as hc

        sim = hc.Simulation(
            hc.FirstOrder.from_ck(0.005, 0.002),
            heater_resistance=1e3,
            temperature_noise=0.1
        )
        sampling_time = 0.1
        pulse_sequence = [0.] * 60 * sampling_time + [1.] * 60 * sampling_time

        measurement = hc.PulsMeasurement(
            currentsource=sim, powermeter=sim, thermometer=sim,
            pulse=pulse_sequence, sampling_time=sampling_time)

        measurement.start()

    """
    def __init__(self, model, heater_resistance, noise_level):
        self.model = model
        self.current = 0.
        self.xout = None
        self.noise_level = noise_level

    @property
    def voltage(self):
        return self.resistance * self.voltage

    @property
    def temperature(self):
        """Simulates the temperature response to the current change."""
        t = time.time()
        tout, yout, xout = self.model.output([self.voltage * self.current], [t], self.state)
        self.state = xout
        assert len(yout) == 1
        return yout[0] + np.random.standart_normal() * self.noise_level
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