
HEAT AND HEAT TRANSFER 
Chapter 14



HEAT ENERGY
• We have determined that temperature is the mean kinetic energy of a 

substance,  That means to increase temperature you must add energy to a 
system, to cool it you must remove energy.

• You can do this by doing work on your substance. Drilling into a rock, stirring 
a liquid, squeezing a ballon.

• More commonly you might bring your substance into contact with something 
hotter or colder than it, boiling water or an ice cube.  Then heat energy will 
flow from the hotter substance to the colder one.



HEAT ENERGY
• The symbol Q is used for heat energy. This is because originally it was thought that 

he flowed like a fluid between substance and we still use some of that language.

• Now we understand that heat is just energy.  The amount of heat one needs to 
change a substances temperature depends on the mass of the substance and 
what it is made of,

• where c is called the specific heat and has different values for different materials.

<latexit sha1_base64="VB81lawDZWGIJU8fBG9wNf/vJaE=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlJKHwuhoAvdtdAXtEPJpGkbmskMSaZQhv6JGxeKuPVP3Pk3ZtoKKnrgwuGce7n3Hj8SXBuEPpyNza3tnd3MXnb/4PDo2D05beswVpS1aChC1fWJZoJL1jLcCNaNFCOBL1jHn96kfmfGlOahbJp5xLyAjCUfcUqMlQau24DXMIAU9m+ZMAQ2B24O5RFCGGOYElwuIUuq1UoBVyBOLYscWKM+cN/7w5DGAZOGCqJ1D6PIeAlRhlPBFtl+rFlE6JSMWc9SSQKmvWR5+QJeWmUIR6GyJQ1cqt8nEhJoPQ982xkQM9G/vVT8y+vFZlTxEi6j2DBJV4tGsYAmhGkMcMgVo0bMLSFUcXsrpBOiCDU2rKwN4etT+D9pF/K4lC82irna/TqODDgHF+AKYFAGNXAH6qAFKJiBB/AEnp3EeXRenNdV64aznjkDP+C8fQI61ZIp</latexit>

Q = mc�T



EXAMPLE 14.1
• Calculating the Required Heat: Heating Water in an Aluminum Pan:  A 0.500 

kg aluminum pan on a stove is used to heat 0.250 liters of water from 20.0ºC to 80.0ºC. (a) How 
much heat is required? What percentage of the heat is used to raise the temperature of (b) the 
pan and (c) the water?

mAl = 0.5 kg
V = 0.25 L
Ti = 20.0ºC
Tf = 80.0ºC
Q = ?

<latexit sha1_base64="VB81lawDZWGIJU8fBG9wNf/vJaE=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlJKHwuhoAvdtdAXtEPJpGkbmskMSaZQhv6JGxeKuPVP3Pk3ZtoKKnrgwuGce7n3Hj8SXBuEPpyNza3tnd3MXnb/4PDo2D05beswVpS1aChC1fWJZoJL1jLcCNaNFCOBL1jHn96kfmfGlOahbJp5xLyAjCUfcUqMlQau24DXMIAU9m+ZMAQ2B24O5RFCGGOYElwuIUuq1UoBVyBOLYscWKM+cN/7w5DGAZOGCqJ1D6PIeAlRhlPBFtl+rFlE6JSMWc9SSQKmvWR5+QJeWmUIR6GyJQ1cqt8nEhJoPQ982xkQM9G/vVT8y+vFZlTxEi6j2DBJV4tGsYAmhGkMcMgVo0bMLSFUcXsrpBOiCDU2rKwN4etT+D9pF/K4lC82irna/TqODDgHF+AKYFAGNXAH6qAFKJiBB/AEnp3EeXRenNdV64aznjkDP+C8fQI61ZIp</latexit>

Q = mc�T
<latexit sha1_base64="9n4eA/LWgfED5UKQxJEx+wQvB2I=">AAACCHicdZDLSgMxFIYz9VbrbdSlC4NFcFUmpfSyECq60F0LvUE7DJk0bUMzF5KMUIYu3fgqblwo4tZHcOfbmOlUUNEDIR//fw7J+d2QM6ks68PIrKyurW9kN3Nb2zu7e+b+QUcGkSC0TQIeiJ6LJeXMp23FFKe9UFDsuZx23ell4ndvqZAs8FtqFlLbw2OfjRjBSkuOedx04gs+h+fQS4Gk1+CKcoVhyzHzVsGyLIQQTABVypaGWq1aRFWIEktXHiyr4Zjvg2FAIo/6inAsZR9ZobJjLBQjnM5zg0jSEJMpHtO+Rh97VNrxYpE5PNXKEI4CoY+v4EL9PhFjT8qZ5+pOD6uJ/O0l4l9eP1Kjqh0zP4wU9Un60CjiUAUwSQUOmaBE8ZkGTATTf4VkggUmSmeX0yF8bQr/h06xgMqFUrOUr98s48iCI3ACzgACFVAH16AB2oCAO/AAnsCzcW88Gi/Ga9qaMZYzh+BHGW+fFEWYyw==</latexit>

QAl = mAlcAl�T
<latexit sha1_base64="hA9qEg3UeuW+ymdKlwc1zNA/lmo=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbBVZmU0sdCKOhCdy30Be0wZNK0Dc08SDJKGbpx46+4caGIW//BnX9jZlpBRQ8k93DOvST3uCFnUlnWh5FZWV1b38hu5ra2d3b3zP2DjgwiQWibBDwQPRdLyplP24opTnuhoNhzOe2604vE795QIVngt9QspLaHxz4bMYKVlhzzuOnEt3N4Dr20kvQeXFKuMGw5Zt4qWJaFEIIJQZWypUmtVi2iKkSJpZEHSzQc830wDEjkUV8RjqXsIytUdoyFYoTTeW4QSRpiMsVj2tfUxx6VdpxuMYenWhnCUSD08RVM1e8TMfaknHmu7vSwmsjfXiL+5fUjNaraMfPDSFGfLB4aRRyqACaRwCETlCg+0wQTwfRfIZlggYnSweV0CF+bwv9Jp1hA5UKpWcrXr5dxZMEROAFnAIEKqIMr0ABtQMAdeABP4Nm4Nx6NF+N10ZoxljOH4AeMt0+Xu5gL</latexit>

Qw = mwcw�T

cAl = 900 J/kgºC cw = 4186 J/kgºC

mw = ρw V = (1kg /L) 0.25L = 0.25kg
<latexit sha1_base64="5ZV/g4N3iXYPqxv90FEFl9ZL8iE="></latexit>

QAl = (0.5kg)(900J/kg�C(80�C � 20�C) = 27.0kJ
<latexit sha1_base64="5oJSElmETELXX8ekAVWMib0Rjg8="></latexit>

Qw = (0.25kg)(4186J/kg�C(80�C � 20�C) = 62.8kJ

<latexit sha1_base64="twJbcYyjaN5bNKDpeWthWr1BpaY=">AAAB/HicdVDLSgMxFM3UV62v0S7dBIsgCGVSSh8LoeJGdy3YVmiHIZNm2tDMgySjDEP9FTcuFHHrh7jzb8y0FVT0wOUezrmX3Bw34kwqy/owciura+sb+c3C1vbO7p65f9CTYSwI7ZKQh+LGxZJyFtCuYorTm0hQ7Luc9t3pReb3b6mQLAyuVRJR28fjgHmMYKUlxyx24BnsOOndDJ5m/ZzPoGOWrLJlWQghmBFUr1maNJuNCmpAlFkaJbBE2zHfh6OQxD4NFOFYygGyImWnWChGOJ0VhrGkESZTPKYDTQPsU2mn8+Nn8FgrI+iFQleg4Fz9vpFiX8rEd/Wkj9VE/vYy8S9vECuvYacsiGJFA7J4yIs5VCHMkoAjJihRPNEEE8H0rZBMsMBE6bwKOoSvn8L/Sa9SRrVytVMtta6WceTBITgCJwCBOmiBS9AGXUBAAh7AE3g27o1H48V4XYzmjOVOEfyA8fYJkM6TfA==</latexit>

Q = Qw +QAl
<latexit sha1_base64="ecaS0Z5GmNl5LUzj/SubC5HUIVU=">AAACBHicdZDLSgMxFIYz9Vbrreqym2ARBGFISmmni0LBjbqqYFuhHUomzbShmQtJRiilCze+ihsXirj1Idz5NmbaCip6IPDx/+dwcn4vFlxphD6szMrq2vpGdjO3tb2zu5ffP2irKJGUtWgkInnjEcUED1lLcy3YTSwZCTzBOt74LPU7t0wqHoXXehIzNyDDkPucEm2kfr5Qh5WS7Ywv4SksVW0EDdWhU0ulfr6IbIQQxhimgKsVZKBWc0rYgTi1TBXBspr9/HtvENEkYKGmgijVxSjW7pRIzalgs1wvUSwmdEyGrGswJAFT7nR+xAweG2UA/UiaF2o4V79PTEmg1CTwTGdA9Ej99lLxL6+baN9xpzyME81CuljkJwLqCKaJwAGXjGoxMUCo5OavkI6IJFSb3HImhK9L4f/QLtm4YpevysXGxTKOLCiAI3ACMKiCBjgHTdACFNyBB/AEnq1769F6sV4XrRlrOXMIfpT19gkHoJPv</latexit>

= 62.8kJ + 27.0kJ = 89.8kJ

<latexit sha1_base64="XIWlwHaRIwA51E1PXenPlm9iblw="></latexit>

QAl

Q
=

27.0kJ

89.8kJ
= 30.1%

<latexit sha1_base64="CDMq2M9qJyzHwmgmcK/SUiRDKzE="></latexit>

Qw

Q
=

62.8kJ

89.8kJ
= 69.9%



EXAMPLE 14.2
• Calculating the Temperature Increase from the Work Done on a Substance: Truck Brakes Overheat on 

Downhill Runs: Truck brakes used to control speed on a downhill run do work, converting gravitational potential energy into 
increased internal energy (higher temperature) of the brake material. This conversion prevents the gravitational potential energy from 
being converted into kinetic energy of the truck. The problem is that the mass of the truck is large compared with that of the brake 
material absorbing the energy, and the temperature increase may occur too fast for sufficient heat to transfer from the brakes to the 
environment.  Calculate the temperature increase of 100 kg of brake material with an average specific heat of 800 J(kg°C) if the 
material retains 10% of the energy from a 10,000-kg truck descending 75.0 m (in vertical displacement) at a constant speed.

m = 100 kg
c = 800 J/(kg°C) 
M = 10,000 kg
h = 75 m
ε = 10%
ΔT = ? 

<latexit sha1_base64="4+yulz5M3BxfhG0Kqj6fcKve5k0=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEggi6ECrYB7ZDyaSZaWgmMyQZoZT+hRsXirj1b9z5N2baCip64MLhnHu59x4vFlwbhD6czMrq2vpGdjO3tb2zu5ffP2jrKFGUtWgkItX1iGaCS9Yy3AjWjRUjoSdYxxufp37nninNI3lrJjFzQxJI7nNKjJXumheDAJ7B62A0yBdQESGEMYYpwdUKsqRer5VwDeLUsiiAJZqD/Ht/GNEkZNJQQbTuYRQbd0qU4VSwWa6faBYTOiYB61kqSci0O51fPIMnVhlCP1K2pIFz9fvElIRaT0LPdobEjPRvLxX/8nqJ8WvulMs4MUzSxSI/EdBEMH0fDrli1IiJJYQqbm+FdEQUocaGlLMhfH0K/yftUhFXiuWbcqFxtYwjC47AMTgFGFRBA1yCJmgBCiR4AE/g2dHOo/PivC5aM85y5hD8gPP2CVW+kBg=</latexit>

PEg = Mgh
<latexit sha1_base64="7mkbCYsv8GoG4V0xk6Hfpr4kTQQ=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgqkxK6WMhFETQXQv2Ae0wZNJMG5rJDElGKbWf4saFIm79Enf+jZm2gooeuHA4517uvcePOVPacT6szNr6xuZWdju3s7u3f2DnDzsqSiShbRLxSPZ8rChngrY105z2Yklx6HPa9ScXqd+9pVKxSNzoaUzdEI8ECxjB2kienW/BczigsWI8ErB56Y08u+AUHcdBCMGUoGrFMaRer5VQDaLUMiiAFZqe/T4YRiQJqdCEY6X6yIm1O8NSM8LpPDdIFI0xmeAR7RsqcEiVO1ucPoenRhnCIJKmhIYL9fvEDIdKTUPfdIZYj9VvLxX/8vqJDmrujIk40VSQ5aIg4VBHMM0BDpmkRPOpIZhIZm6FZIwlJtqklTMhfH0K/yedUhFViuVWudC4XsWRBcfgBJwBBKqgAa5AE7QBAXfgATyBZ+veerRerNdla8ZazRyBH7DePgH5aZM6</latexit>

Q = ✏PEg
<latexit sha1_base64="VB81lawDZWGIJU8fBG9wNf/vJaE=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuSlJKHwuhoAvdtdAXtEPJpGkbmskMSaZQhv6JGxeKuPVP3Pk3ZtoKKnrgwuGce7n3Hj8SXBuEPpyNza3tnd3MXnb/4PDo2D05beswVpS1aChC1fWJZoJL1jLcCNaNFCOBL1jHn96kfmfGlOahbJp5xLyAjCUfcUqMlQau24DXMIAU9m+ZMAQ2B24O5RFCGGOYElwuIUuq1UoBVyBOLYscWKM+cN/7w5DGAZOGCqJ1D6PIeAlRhlPBFtl+rFlE6JSMWc9SSQKmvWR5+QJeWmUIR6GyJQ1cqt8nEhJoPQ982xkQM9G/vVT8y+vFZlTxEi6j2DBJV4tGsYAmhGkMcMgVo0bMLSFUcXsrpBOiCDU2rKwN4etT+D9pF/K4lC82irna/TqODDgHF+AKYFAGNXAH6qAFKJiBB/AEnp3EeXRenNdV64aznjkDP+C8fQI61ZIp</latexit>

Q = mc�T

<latexit sha1_base64="uUr/hmay4emA91n9jLXqIw75UVY=">AAACA3icdVDLSgMxFM3UV62vUXe6uVgEV2VSSh8LoaAL3bXQh9CWkknTNjTzIMkIZSi48VfcuFDErT/hzr8x01ZQ0QOBwznncnOPGwqutON8WKmV1bX1jfRmZmt7Z3fP3j9oqSCSlDVpIAJ54xLFBPdZU3Mt2E0oGfFcwdru5CLx27dMKh74DT0NWc8jI58POSXaSH37CLqXTGgCDTiHuA7dwKTBAwqzvp11co7jYIwhIbhUdAypVMp5XAacWAZZtEStb793BwGNPOZrKohSHeyEuhcTqTkVbJbpRoqFhE7IiHUM9YnHVC+e3zCDU6MMYBhI83wNc/X7REw8paaea5Ie0WP120vEv7xOpIflXsz9MNLMp4tFw0iADiApBAZcMqrF1BBCJTd/BTomklBtasuYEr4uhf9JK5/DxVyhXshWr5d1pNExOkFnCKMSqqIrVENNRNEdekBP6Nm6tx6tF+t1EU1Zy5lD9APW2ycnkJX9</latexit>

�T =
Q

mc

<latexit sha1_base64="Mh0D116vbnU9kDQ5VHzbO3Rkqic=">AAACBXicdVBNSwMxFMz6WevXqkc9PCyCp7IRse1BKHjRg1DBqtAtJZumbTCbLElWKEsvXvwrXjwo4tX/4M1/Y7ZWUNGBwDAzj5c3USK4sUHw7k1Nz8zOzRcWiotLyyur/tr6hVGppqxJlVD6KiKGCS5Z03Ir2FWiGYkjwS6j66Pcv7xh2nAlz+0wYe2Y9CXvcUqskzr+1iFkIUsMF0rCKfQHECqXhxgojDp+KSgHQYAxhpzgykHgSK1W3cNVwLnlUEITNDr+W9hVNI2ZtFQQY1o4SGw7I9pyKtioGKaGJYRekz5rOSpJzEw7G18xgh2ndKGntHvSwlj9PpGR2JhhHLlkTOzA/PZy8S+vldpetZ1xmaSWSfq5qJcKsArySqDLNaNWDB0hVHP3V6ADogm1rriiK+HrUvifXOyV8UF5/2y/VD+Z1FFAm2gb7SKMKqiOjlEDNRFFt+gePaIn78578J69l8/olDeZ2UA/4L1+ALGBl3g=</latexit>

=
✏Mgh

mc
<latexit sha1_base64="RNOv+fsmqQyRZkPC8/HTd1gQaD8="></latexit>

=
0.1(10, 000kg)(9.8m/s2)(75m)

(100kg)(800J/(kg�C))

<latexit sha1_base64="60ts5GxwfYSOiTroVcGfj6rdITg=">AAAB9HicdVDLSgMxFM34rPVVdekmWARXJSmlj4VQ6EZ3FewD2rFk0kwbmsmMSaZQhn6HGxeKuPVj3Pk3ZtoKKnrgwuGce7n3Hi8SXBuEPpy19Y3Nre3MTnZ3b//gMHd03NZhrChr0VCEqusRzQSXrGW4EawbKUYCT7CON2mkfmfKlOahvDWziLkBGUnuc0qMldxLWCveJX3KFZ03Brk8KiCEMMYwJbhSRpbUatUirkKcWhZ5sEJzkHvvD0MaB0waKojWPYwi4yZEGU4Fm2f7sWYRoRMyYj1LJQmYdpPF0XN4bpUh9ENlSxq4UL9PJCTQehZ4tjMgZqx/e6n4l9eLjV91Ey6j2DBJl4v8WEATwjQBOOSKUSNmlhCquL0V0jFRhBqbU9aG8PUp/J+0iwVcLpRuSvn69SqODDgFZ+ACYFABdXAFmqAFKLgHD+AJPDtT59F5cV6XrWvOauYE/IDz9gnzVZGg</latexit>

= 92�C



LATENT HEAT
• When a substance reaches its melting or boiling point, more 

energy doesn’t raise its temperature but instead changes its 
state.

• The energy added to the substance breaks the bonds that 
hold a solid together or a liquid in contact. This takes energy 
and is called latent heat.

• We can calculate how much energy is required for a given 
mass by

• where Lf is called the latent heat of fusion and Lv the latent 
heat of vaporization and both depend on the substance.

<latexit sha1_base64="NT7uZpDhOdgLZGPAyW8udSCS+lA=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4KpNS+lgIRTcuXLRgH9gOJZNm2tAkMyQZoQz9CzcuFHHr37jzb8y0FVT0wIXDOfdy7z1+xJk2rvvhZNbWNza3stu5nd29/YP84VFHh7EitE1CHqqejzXlTNK2YYbTXqQoFj6nXX96lfrde6o0C+WtmUXUE3gsWcAINla6a8ELKODNMIDDfMEtuq6LEIIpQdWKa0m9XiuhGkSpZVEAKzSH+ffBKCSxoNIQjrXuIzcyXoKVYYTTeW4QaxphMsVj2rdUYkG1lywunsMzq4xgECpb0sCF+n0iwULrmfBtp8Bmon97qfiX149NUPMSJqPYUEmWi4KYQxPC9H04YooSw2eWYKKYvRWSCVaYGBtSzobw9Sn8n3RKRVQpllvlQuNyFUcWnIBTcA4QqIIGuAZN0AYESPAAnsCzo51H58V5XbZmnNXMMfgB5+0Ts/GPqQ==</latexit>

Q = mLf
<latexit sha1_base64="Mw5W/gMer4tUwKGxcCeWSt6PSn0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyEohsXLlqwrdIOJZNm2tBkZkgyhTL0K9y4UMStn+POvzHTVlDRAxcO59zLvfd4keDaIPThZNbWNza3stu5nd29/YP84VFHh7GirE1DEao7j2gmeMDahhvB7iLFiPQE63qTq9TvTpnSPAxuzSxiriSjgPucEmOl+xa8gBLeDKaDfAEVEUIYY5gSXK0gS+r1WgnXIE4tiwJYoTnIv/eHIY0lCwwVROseRpFxE6IMp4LNc/1Ys4jQCRmxnqUBkUy7yeLgOTyzyhD6obIVGLhQv08kRGo9k57tlMSM9W8vFf/yerHxa27Cgyg2LKDLRX4soAlh+j0ccsWoETNLCFXc3grpmChCjc0oZ0P4+hT+TzqlIq4Uy61yoXG5iiMLTsApOAcYVEEDXIMmaAMKJHgAT+DZUc6j8+K8LlszzmrmGPyA8/YJdFGPjw==</latexit>

Q = mLvor



• If one adds energy to solid 
water (ice) for example, first 
it will increase it’s 
temperature.

•  When you reach the melting 
point (0C) it will instead 
convert the ice to water. 

• Once the ice is fully 
converted then added 
energy will heat the water 
until it reaches the boiling 
point, 100C. 

• Added energy then will 
vaporize the water until you 
get all steam. 

• Finally you will start heating 
the steam past 100C.



EXAMPLE 14.4
• Calculate Final Temperature from Phase Change: Cooling Soda with Ice Cubes: Three 

ice cubes are used to chill a soda at 20ºC with mass, msoda = 0.25 kg.   The ice is at 0ºC and each ice cube 
has a mass of 6.0 g. Assume that the soda is kept in a foam container so that heat loss can be ignored. 
Assume the soda has the same heat capacity as water.  Find the final temperature when all ice has melted.

Tsoda = 20ºC
msoda = 0.25kg

Tice = 0ºC
mice = 3×6g = 0.018kg

<latexit sha1_base64="mC1jlpBk/QsyACKEzd43CD3GoCI=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJSmlj4VQcNOFixbsA9qhZNJMG5pkhiQjlNKPcONCEbd+jzv/xkxbQUUPXDiccy/33hPEghuL0Ie3sbm1vbOb2cvuHxweHedOTjsmSjRlbRqJSPcCYpjgirUtt4L1Ys2IDATrBtOb1O/eM214pO7sLGa+JGPFQ06JdVK3Ba+hhLfDXB4VEEIYY5gSXCkjR2q1ahFXIU4thzxYoznMvQ9GEU0kU5YKYkwfo9j6c6Itp4ItsoPEsJjQKRmzvqOKSGb8+fLcBbx0ygiGkXalLFyq3yfmRBozk4HrlMROzG8vFf/y+okNq/6cqzixTNHVojAR0EYw/R2OuGbUipkjhGruboV0QjSh1iWUdSF8fQr/J51iAZcLpVYpX2+s48iAc3ABrgAGFVAHDdAEbUDBFDyAJ/Dsxd6j9+K9rlo3vPXMGfgB7+0T5Z6OrA==</latexit>

Q = mL
<latexit sha1_base64="/hoZAW+EplIRuJ5SZfcjD/fZtkU=">AAAB+XicdVDLSgMxFM34rPU16tJNsAiuyqSUPhZCQRddttAXtEPJpGkbmmSGJFMoQ//EjQtF3Pon7vwbM20FFT1w4XDOvdx7TxBxpo3nfThb2zu7e/uZg+zh0fHJqXt23tFhrAhtk5CHqhdgTTmTtG2Y4bQXKYpFwGk3mN2lfndOlWahbJlFRH2BJ5KNGcHGSkPXbcJbKCCBg3vKDYatoZvz8p7nIYRgSlC55FlSrVYKqAJRalnkwAaNofs+GIUkFlQawrHWfeRFxk+wMoxwuswOYk0jTGZ4QvuWSiyo9pPV5Ut4bZURHIfKljRwpX6fSLDQeiEC2ymwmerfXir+5fVjM674CZNRbKgk60XjmEMTwjQGOGKKEsMXlmCimL0VkilWmBgbVtaG8PUp/J90CnlUyhebxVytvokjAy7BFbgBCJRBDdRBA7QBAXPwAJ7As5M4j86L87pu3XI2MxfgB5y3TzqIkig=</latexit>

Q = mc�T
<latexit sha1_base64="lkEY+XnS/EuzUXwS150B9p7kvoU=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASL4MYyKaWXhVBw02UL9gLtMGQyaRuauZBkhDoMvoobF4q49T3c+TZm2goqeiDw8f/ncE5+N+JMKsv6MHJr6xubW/ntws7u3v6BeXjUk2EsCO2SkIdi4GJJOQtoVzHF6SASFPsup313dp35/VsqJAuDGzWPqO3jScDGjGClJcc86TgJIzSFV/ASapahh1PHLFoly7IQQjADVKtaGhqNehnVIcosXUWwqrZjvo+8kMQ+DRThWMohsiJlJ1goRjhNC6NY0giTGZ7QocYA+1TayeL6FJ5rxYPjUOgXKLhQv08k2Jdy7ru608dqKn97mfiXN4zVuG4nLIhiRQOyXDSOOVQhzKKAHhOUKD7XgIlg+lZIplhgonRgBR3C10/h/9Arl1C1VOlUis3WKo48OAVn4AIgUANN0AJt0AUE3IEH8ASejXvj0XgxXpetOWM1cwx+lPH2CYBdlKo=</latexit>

Qice = �Qsoda
<latexit sha1_base64="QMFTHFMfkgQ0V/KzRh/0oP0SR3Y="></latexit>

miceLf,ice +micecw(Tf � 0�C) = �msodacw(Tf � 20�C)

<latexit sha1_base64="MYUzqUmdpu+/38ST+0lZjsO6UhU="></latexit>

msodacwTf +micecwTf = msodacw(20
�C)�miceLf,ice

<latexit sha1_base64="wE6oNejKgp2ChH9F1bfOS9Fq6CM="></latexit>

Tf =
msodacw(20�C)�miceLf,ice

(msoda +mice)cw

<latexit sha1_base64="STuZZa6r5kODmvWT1nlZ6O1DPWs="></latexit>

=
(0.25kg)(4186J/(kg�C))(20�C)� (0.018kg)(334, 000J/kg)

(0.25kg + 0.018kg)4186J/(kg�C))

<latexit sha1_base64="taP7n8jrMJnO9a++iYTbGZbthH8=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkktfSyEQjddVrAPaMeSSdM2NJMZk0yhDP0ONy4UcevHuPNvzLQVVPTAhcM593LvPV4ouDYIfTipjc2t7Z30bmZv/+DwKHt80tZBpChr0UAEqusRzQSXrGW4EawbKkZ8T7CON60nfmfGlOaBvDXzkLk+GUs+4pQYK7nXEF/dxX3KFV3UB9kcyiOEMMYwIbhcQpZUq5UCrkCcWBY5sEZzkH3vDwMa+UwaKojWPYxC48ZEGU4FW2T6kWYhoVMyZj1LJfGZduPl0Qt4YZUhHAXKljRwqX6fiImv9dz3bKdPzET/9hLxL68XmVHFjbkMI8MkXS0aRQKaACYJwCFXjBoxt4RQxe2tkE6IItTYnDI2hK9P4f+kXcjjUr54U8zVGus40uAMnINLgEEZ1EADNEELUHAPHsATeHZmzqPz4ryuWlPOeuYU/IDz9gnoJZGY</latexit>

= 13�C
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which is a whole lot of energy. In terms of kinetic energy it would be 
equivalent of changing Han Solo's velocity by about 82m/s.

  Since the human body is mostly water we can just pretend a person is water, but at 
temperatures below 0ºC water is frozen as ice.  So to calculate the heat needed for this 

temperature change we need the specific heat of water, cw = 4186 J/kgºC, the specific heat of 
ice, ci = 2093 J/kgºC, and the latent heat of fusion for water, Lf = 333 kJ/kg. Given these facts 

we can write the heat energy as:

Let's assume Han Solo has a mass of 80kg. 
Carbonite is apparently a form of frozen carbon dioxide which has a melting point of -56.6ºC.

Human body temperature is 37ºC so Han's body 
temperature has to be raised ΔT=(37 - -56.6) = 93.6ºC.

You can tell Han Solo is very cold from his shaking so he might not be all the way to 37ºC; however, 
he must be very close. You get hypothermia at only 2ºC lowering of your core temperature. 

Q = m(ci�Ti + cw�Tw + Lf ) =

180kg(2093J/(kgC)(56.6) + 4186J/(kgC)(37) + 333, 000J/kg) = 606.3kJ

How much energy would it take to unfreeze Han Solo?



HEAT TRANSFER METHODS
• Heat is transferred by one of three ways:

• Conduction - the bumping of molecules into other molecules that 
bump others all the way down transferring kinetic energy.

• Convection - the movement of hot material to cold regions and 
cold material to hot regions.

• Radiation - the carrying of heat by electromagnetic radiation



CONDUCTION

• Conduction is the most basic way that 
heat is transferred. When you touch 
something hot, its fast moving molecules 
bang into yours making them move faster. 

• The thermal conductivity of a material, k, 
determines how quickly heat is transferred. 

• We can calculate a rate from the formula:
<latexit sha1_base64="HViAvHLcycQhcbSW0cbw9QKH3uo="></latexit>

Q

t
=

kA

d
(T2 � T1)



CONVECTION

• Convection transfers heat by moving the 
hot material to a different location. This 
often occurs in fluids where the hotter 
material will have lower density and thus 
rise because of the buoyant force. 

• This occurs in boiling water, the 
atmosphere, and the Earth’s mantle.



RADIATION
• Finally heat is transmitted by electromagnetic 

radiation, also known as light. 

• Sometimes you can see the light for objects 
that are very hot, but at normal Earth 
temperatures objects emit radiation in the 
infrared which we can not see by eye.

• The amount of energy emitted is a strong 
function of temperature, the formula being

<latexit sha1_base64="6PuwOMd1uOKl9TxQq2m7/kk2Raw="></latexit>

Q

t
= �✏AT 4



HOME WORK

• Chap 14 - 1, 6, 10, 13, 14, 16


