
THERMODYNAMICS
Chapter 15



INTERNAL ENERGY
• If you look at a rock or a pool of water or a tree, if they aren’t moving and are on the ground they 

look like they don’t have any energy.

• But they actually have a great deal of energy.  We have learned that their temperature is their 
mean kinetic energy per particle. In addition they have energy in the bonds that hold a solid or 
liquid together that we have learned about as latent heat.  They can have other forms of energy 
too, based on their structure or possibility for chemical reactions.

• All of these types of energy are collectively refereed to as internal energy and given the symbol U.

• In practice we can never really measure the internal energy of a substance but we can see when it 
changes. Thus we only measure ΔU.



FIRST LAW OF THERMODYNAMICS 

• The first law of thermodynamics is that the change of internal energy 
to a system is equal to the heat that flows into it minus any work it 
does.

• This is just energy conservation but focusing on the most common 
energies that change internal energy.

<latexit sha1_base64="urgxr9MTiiMMILQMVSlG4VYGnq0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAhuLEkpfSyEoi5ctuC0hXYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBC4dz7uXee7xYcKUR+rDW1jc2t7ZzO/ndvf2DQ/vouK2iRFLm0EhEsusRxQQPmaO5FqwbS0YCT7CON7nJ/M6UScWj8F7PYuYGZBRyn1OijTSw7f4tE5pAB17BFryEnYFdQEWEEMYYZgRXK8iQer1WwjWIM8ugAFZoDuz3/jCiScBCTQVRqodRrN2USM2pYPN8P1EsJnRCRqxnaEgCptx0cfkcnhtlCP1Imgo1XKjfJ1ISKDULPNMZED1Wv71M/MvrJdqvuSkP40SzkC4X+YmAOoJZDHDIJaNazAwhVHJzK6RjIgnVJqy8CeHrU/g/aZeKuFIst8qFxvUqjhw4BWfgAmBQBQ1wB5rAARRMwQN4As9Waj1aL9brsnXNWs2cgB+w3j4BzGGR1w==</latexit>

�U = Q�W



EXAMPLE 
• A 5.0g bullet is fired through a tree.  Before entering the tree the 

bullet has a speed of 400 m/s, when it leaves the tree its speed is only 
200m/s.  What is the change of internal energy to the tree?

v1 = 400 m/s
v2 = 200 m/s

<latexit sha1_base64="urgxr9MTiiMMILQMVSlG4VYGnq0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAhuLEkpfSyEoi5ctuC0hXYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBC4dz7uXee7xYcKUR+rDW1jc2t7ZzO/ndvf2DQ/vouK2iRFLm0EhEsusRxQQPmaO5FqwbS0YCT7CON7nJ/M6UScWj8F7PYuYGZBRyn1OijTSw7f4tE5pAB17BFryEnYFdQEWEEMYYZgRXK8iQer1WwjWIM8ugAFZoDuz3/jCiScBCTQVRqodRrN2USM2pYPN8P1EsJnRCRqxnaEgCptx0cfkcnhtlCP1Imgo1XKjfJ1ISKDULPNMZED1Wv71M/MvrJdqvuSkP40SzkC4X+YmAOoJZDHDIJaNazAwhVHJzK6RjIgnVJqy8CeHrU/g/aZeKuFIst8qFxvUqjhw4BWfgAmBQBQ1wB5rAARRMwQN4As9Waj1aL9brsnXNWs2cgB+w3j4BzGGR1w==</latexit>

�U = Q�W
<latexit sha1_base64="hFnvW36tivDAwJ9W63bEn58gSF0=">AAAB9HicdVDLSgMxFM3UV62vqks3wSK4KkkpfSyE4gMENxXsA9qhZNJMG5rJjEmmUEq/w40LRdz6Me78GzNtBRU9cOFwzr3ce48XCa4NQh9OamV1bX0jvZnZ2t7Z3cvuHzR1GCvKGjQUoWp7RDPBJWsYbgRrR4qRwBOs5Y0uEr81ZkrzUN6ZScTcgAwk9zklxkpuC57B7iUThsCbq142h/IIIYwxTAgul5Al1WqlgCsQJ5ZFDixR72Xfu/2QxgGThgqidQejyLhTogyngs0y3ViziNARGbCOpZIETLvT+dEzeGKVPvRDZUsaOFe/T0xJoPUk8GxnQMxQ//YS8S+vExu/4k65jGLDJF0s8mMBTQiTBGCfK0aNmFhCqOL2VkiHRBFqbE4ZG8LXp/B/0izkcSlfvC3maufLONLgCByDU4BBGdTANaiDBqDgHjyAJ/DsjJ1H58V5XbSmnOXMIfgB5+0TD7uRBQ==</latexit>

W = �KE

<latexit sha1_base64="PX5CFF1HF6moS0j4RwTztEfaP58=">AAAB/nicdZDLSgMxFIYzXmu9jYorN8EiuLFMSullIRQvILip4LSFdiiZNNOGZi4kGaEMBV/FjQtF3Poc7nwbM+0IKnog8PH/53BOfjfiTCrL+jAWFpeWV1Zza/n1jc2tbXNntyXDWBBqk5CHouNiSTkLqK2Y4rQTCYp9l9O2Oz5P/fYdFZKFwa2aRNTx8TBgHiNYaalv7vcuKFcY2vAUnmR8fdk3C1bRsiyEEEwBVSuWhnq9VkI1iFJLVwFk1eyb771BSGKfBopwLGUXWZFyEiwUI5xO871Y0giTMR7SrsYA+1Q6yez8KTzSygB6odAvUHCmfp9IsC/lxHd1p4/VSP72UvEvrxsrr+YkLIhiRQMyX+TFHKoQplnAAROUKD7RgIlg+lZIRlhgonRieR3C10/h/9AqFVGlWL4pFxpnWRw5cAAOwTFAoAoa4Ao0gQ0ISMADeALPxr3xaLwYr/PWBSOb2QM/ynj7BL/RlBc=</latexit>

�U = ��KE

m = 5g = 0.005kg

<latexit sha1_base64="9O4KJ/pZE85BB729lKJQ99MFyxg="></latexit>

=
1

2
m(v21 � v22)

<latexit sha1_base64="wUsOAp8kFN8X3/V/dm76nscnUyI="></latexit>

=
1

2
(0.005kg)((400m/s)2 � (200m/s)2) = 300J



EXAMPLE
• An internal combustion engine works by heating gas so that it pushes on a 

cylinder.  If you transfer 20J of heat to the gas and it pushes the cylinder with a 
force of 500N for 2cm, what is the change to the internal energy of the gas?

Q = 20J
F = 500N

d = 2cm = 0.02m

<latexit sha1_base64="urgxr9MTiiMMILQMVSlG4VYGnq0=">AAAB+XicdVDLSgMxFM34rPU16tJNsAhuLEkpfSyEoi5ctuC0hXYomTTThmYeJJlCGfonblwo4tY/ceffmGkrqOiBC4dz7uXee7xYcKUR+rDW1jc2t7ZzO/ndvf2DQ/vouK2iRFLm0EhEsusRxQQPmaO5FqwbS0YCT7CON7nJ/M6UScWj8F7PYuYGZBRyn1OijTSw7f4tE5pAB17BFryEnYFdQEWEEMYYZgRXK8iQer1WwjWIM8ugAFZoDuz3/jCiScBCTQVRqodRrN2USM2pYPN8P1EsJnRCRqxnaEgCptx0cfkcnhtlCP1Imgo1XKjfJ1ISKDULPNMZED1Wv71M/MvrJdqvuSkP40SzkC4X+YmAOoJZDHDIJaNazAwhVHJzK6RjIgnVJqy8CeHrU/g/aZeKuFIst8qFxvUqjhw4BWfgAmBQBQ1wB5rAARRMwQN4As9Waj1aL9brsnXNWs2cgB+w3j4BzGGR1w==</latexit>

�U = Q�W
<latexit sha1_base64="Abga837kNxaUskHIIHu3siMgCGQ=">AAAB+3icdVDLSgNBEJyNrxhfMR69DAbBU9gJIY+DEBTEYwTzgCSE2ckkGTI7u8z0imHJr3jxoIhXf8Sbf+NsEkFFCxqKqm66u7xQCgOu++Gk1tY3NrfS25md3b39g+xhrmWCSDPeZIEMdMejhkuheBMESN4JNae+J3nbm14mfvuOayMCdQuzkPd9OlZiJBgFKw2yuTY+x1fDnhEq7sGEA50Psnm34LouIQQnhFTKriW1WrVIqpgklkUerdAYZN97w4BFPlfAJDWmS9wQ+jHVIJjk80wvMjykbErHvGupoj43/Xhx+xyfWmWIR4G2pQAv1O8TMfWNmfme7fQpTMxvLxH/8roRjKr9WKgwAq7YctEokhgCnASBh0JzBnJmCWVa2Fsxm1BNGdi4MjaEr0/x/6RVLJByoXRTytcvVnGk0TE6QWeIoAqqo2vUQE3E0D16QE/o2Zk7j86L87psTTmrmSP0A87bJ41KlCw=</latexit>

W = Fd sin ✓

<latexit sha1_base64="3i6ndTotnPMTt9Tt9gihrtzGy9U=">AAAB+nicdVDLSgMxFM3UV62vqS7dBIvgxjIppY+FUFTEZQtOW2iHkslk2tDMgySjlNpPceNCEbd+iTv/xkxbQUUPXDiccy/33uPGnEllWR9GZmV1bX0ju5nb2t7Z3TPz+20ZJYJQm0Q8El0XS8pZSG3FFKfdWFAcuJx23PFF6nduqZAsCm/UJKZOgIch8xnBSksDM9+/pFxhaMMz2IKn8MobmAWraFkWQgimBFUrlib1eq2EahCllkYBLNEcmO99LyJJQENFOJayh6xYOVMsFCOcznL9RNIYkzEe0p6mIQ6odKbz02fwWCse9COhK1Rwrn6fmOJAykng6s4Aq5H87aXiX14vUX7NmbIwThQNyWKRn3CoIpjmAD0mKFF8ogkmgulbIRlhgYnSaeV0CF+fwv9Ju1RElWK5VS40zpdxZMEhOAInAIEqaIBr0AQ2IOAOPIAn8GzcG4/Gi/G6aM0Yy5kD8APG2ydzmZI0</latexit>

�U = Q� Fd
<latexit sha1_base64="jKO1iFo3vzdSWl5c73d3hrhiazI=">AAACBXicdVDLSgMxFM3UV62vqktdBIvQLizJUPtYCEU30oVUsA9oS8mkaRuaeZBkhFK6ceOvuHGhiFv/wZ1/Y6atoKIHLpyccy+59ziB4Eoj9GHFlpZXVtfi64mNza3tneTuXl35oaSsRn3hy6ZDFBPcYzXNtWDNQDLiOoI1nNFF5DdumVTc9270OGAdlww83ueUaCN1k4fwDNqoAk9g+hShq0waZZHtZoyKUaWbTJknQhhjGBFcyCNDSqWijYsQR5ZBCixQ7Sbf2z2fhi7zNBVEqRZGge5MiNScCjZNtEPFAkJHZMBahnrEZaozmV0xhcdG6cG+L015Gs7U7xMT4io1dh3T6RI9VL+9SPzLa4W6X+xMuBeEmnl0/lE/FFD7MIoE9rhkVIuxIYRKbnaFdEgkodoElzAhfF0K/yd1O4vz2dx1LlU+X8QRBwfgCKQBBgVQBpegCmqAgjvwAJ7As3VvPVov1uu8NWYtZvbBD1hvn2VVk3I=</latexit>

= 20J � (500N)(0.02m) = 10J



2ND LAW OF THERMODYNAMICS

• Heat always flows from hotter systems to colder systems.

• The 2nd law can also be understood as entropy always increases.

• Entropy is a measure of disorder in a system. So the 2nd law says that 
things always become more disordered.

• We can calculate the entropy change ΔS by 
<latexit sha1_base64="rP1W/KN7zkUgY6dkaeoE4urnHTQ=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4KpMSuljIRR14bLFthY6Q8mkmTY08yDJCGWYjb/ixoUibv0Md/6NmbaCih4IHM45l5t73IgzqSzrw8itrK6tb+Q3C1vbO7t75v5BT4axILRLQh6Kvosl5SygXcUUp/1IUOy7nN6608vMv72jQrIw6KhZRB0fjwPmMYKVlobmkX1FucLwBp7DBLahHeo07KRDs2iVLMtCCMGMoFrV0qTRqJdRHaLM0iiCJVpD890ehST2aaAIx1IOkBUpJ8FCMcJpWrBjSSNMpnhMB5oG2KfSSeYHpPBUKyPohUK/QMG5+n0iwb6UM9/VSR+rifztZeJf3iBWXt1JWBDFigZksciLOVQhzNqAIyYoUXymCSaC6b9CMsECE6U7K+gSvi6F/5NeuYSqpUq7UmxeLOvIg2NwAs4AAjXQBNegBbqAgBQ8gCfwbNwbj8aL8bqI5ozlzCH4AePtE4NclRs=</latexit>

�S =
Q

T



EXAMPLE 15.6
• Entropy Increases in an Irreversible (Real) Process: Spontaneous heat 

transfer from hot to cold is an irreversible process. Calculate the total change in entropy if 
4000 J of heat transfer occurs from a hot reservoir at 𝑇h=600 K(327º C)  to a cold 

reservoir at 𝑇c=250 K(−23º C), assuming there is no temperature change in either reservoir.

Q = 4000J
Th = 600K
Tc = 250K

<latexit sha1_base64="rP1W/KN7zkUgY6dkaeoE4urnHTQ=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4KpMSuljIRR14bLFthY6Q8mkmTY08yDJCGWYjb/ixoUibv0Md/6NmbaCih4IHM45l5t73IgzqSzrw8itrK6tb+Q3C1vbO7t75v5BT4axILRLQh6Kvosl5SygXcUUp/1IUOy7nN6608vMv72jQrIw6KhZRB0fjwPmMYKVlobmkX1FucLwBp7DBLahHeo07KRDs2iVLMtCCMGMoFrV0qTRqJdRHaLM0iiCJVpD890ehST2aaAIx1IOkBUpJ8FCMcJpWrBjSSNMpnhMB5oG2KfSSeYHpPBUKyPohUK/QMG5+n0iwb6UM9/VSR+rifztZeJf3iBWXt1JWBDFigZksciLOVQhzNqAIyYoUXymCSaC6b9CMsECE6U7K+gSvi6F/5NeuYSqpUq7UmxeLOvIg2NwAs4AAjXQBNegBbqAgBQ8gCfwbNwbj8aL8bqI5ozlzCH4AePtE4NclRs=</latexit>

�S =
Q

T

<latexit sha1_base64="fzjS+66uYGK2ghvxVM3qsVHFp+Q=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbBVZmU0sdCKOrCZYt9QacMmTTthGYeJBmhDN248VfcuFDErf/gzr8x01ZQ0QOBwzn3cHOPG3EmlWV9GJmV1bX1jexmbmt7Z3fP3D/oyDAWhLZJyEPRc7GknAW0rZjitBcJin2X0647uUz97i0VkoVBS00jOvDxOGAjRrDSkmMe21eUKwxvHA+ewwQ2Hc8OdQC2HG/mmHmrYFkWQgimBFXKlia1WrWIqhCllkYeLNFwzHd7GJLYp4EiHEvZR1akBgkWihFOZzk7ljTCZILHtK9pgH0qB8n8ihk81coQjkKhX6DgXP2eSLAv5dR39aSPlSd/e6n4l9eP1ag6SFgQxYoGZLFoFHOoQphWAodMUKL4VBNMBNN/hcTDAhOli8vpEr4uhf+TTrGAyoVSs5SvXyzryIIjcALOAAIVUAfXoAHagIA78ACewLNxbzwaL8brYjRjLDOH4AeMt0/Dg5eC</latexit>

�Sh =
Qh

Th

<latexit sha1_base64="R+ISsQt3veyiaWZ8rr85hn/6ypA=">AAACBXicdVDLSgMxFM3UV62vUZe6CBbBVZmU0sdCKOrCZYt9QWcYMmnahmYeJBmhDN248VfcuFDErf/gzr8x01ZQ0QOBwzn3cHOPF3EmlWV9GJmV1bX1jexmbmt7Z3fP3D/oyDAWhLZJyEPR87CknAW0rZjitBcJin2P0643uUz97i0VkoVBS00j6vh4FLAhI1hpyTWP7SvKFYY3LoHnMIFNl9ihDsCWS2aumbcKlmUhhGBKUKVsaVKrVYuoClFqaeTBEg3XfLcHIYl9GijCsZR9ZEXKSbBQjHA6y9mxpBEmEzyifU0D7FPpJPMrZvBUKwM4DIV+gYJz9Xsiwb6UU9/Tkz5WY/nbS8W/vH6shlUnYUEUKxqQxaJhzKEKYVoJHDBBieJTTTARTP8VkjEWmChdXE6X8HUp/J90igVULpSapXz9YllHFhyBE3AGEKiAOrgGDdAGBNyBB/AEno1749F4MV4XoxljmTkEP2C8fQKsNpdz</latexit>

�Sc =
Qc

Tc

<latexit sha1_base64="+d6Bw8TH7urY791JtPqavWyOfA0="></latexit>

=
�4000J

600K
= �6.67J/K

<latexit sha1_base64="somguq/0iNXc42a5rZ+79/rG+rw=">AAACCnicdVDLSgMxFM34rPU16tJNtAiualJqHwuh6EbspoJ9QDuUTJq2oZkHSUYoQ9du/BU3LhRx6xe482/MtBVU9EDgcM653NzjhoIrjdCHtbC4tLyymlpLr29sbm3bO7sNFUSSsjoNRCBbLlFMcJ/VNdeCtULJiOcK1nRHF4nfvGVS8cC/0eOQOR4Z+LzPKdFG6toH8AzGMI8QgledwCRh7hRVJ0bFhazRTqpdO4OyxscYw4TgYgEZUi6XcrgEcWIZZMActa793ukFNPKYr6kgSrUxCrUTE6k5FWyS7kSKhYSOyIC1DfWJx5QTT0+ZwCOj9GA/kOb5Gk7V7xMx8ZQae65JekQP1W8vEf/y2pHul5yY+2GkmU9ni/qRgDqASS+wxyWjWowNIVRy81dIh0QSqk17aVPC16Xwf9LIZU1r+et8pnI+ryMF9sEhOAYYFEEFXIIaqAMK7sADeALP1r31aL1Yr7PogjWf2QM/YL19AkIKljc=</latexit>

=
4000J

250K
= 16.0J/K

<latexit sha1_base64="9uMftZvtNIeXb4yjTcWVdMZzSEo=">AAACCnicdZDLSgMxFIYzXmu9jbp0Ey2CIJRJKb0shKIuXFa0F2iHIZNm2tDMhSQjlKFrN76KGxeKuPUJ3Pk2ZnoRFT0Q+Pj/czg5vxtxJpVlfRgLi0vLK6uZtez6xubWtrmz25RhLAhtkJCHou1iSTkLaEMxxWk7EhT7Lqctd3ie+q1bKiQLgxs1iqjt437APEaw0pJjHnQvKFcYXsNTOEdnAE++mDhmzspbloUQgimgcsnSUK1WCqgCUWrpyoFZ1R3zvdsLSezTQBGOpewgK1J2goVihNNxthtLGmEyxH3a0Rhgn0o7mZwyhkda6UEvFPoFCk7U7xMJ9qUc+a7u9LEayN9eKv7ldWLlVeyEBVGsaECmi7yYQxXCNBfYY4ISxUcaMBFM/xWSARaYKJ1eVocwvxT+D81CHpXyxatirnY2iyMD9sEhOAYIlEENXII6aAAC7sADeALPxr3xaLwYr9PWBWM2swd+lPH2CSW/mLA=</latexit>

�S = �Sh +�Sc

<latexit sha1_base64="ZBDeykWhid41hV+oY1LkSyEHANg="></latexit>

= �6.67J/K + 16.0J/k = 9.33J/K

Notice entropy increases



EXAMPLE 15.8

• Entropy Associated with Disorder:  Find the increase in entropy 
of 1.00 kg of ice originally at 0º C that is melted to form water at 0º C.
m = 1.00 kg
T = 0º C = 273K

<latexit sha1_base64="rP1W/KN7zkUgY6dkaeoE4urnHTQ=">AAACAHicdVDLSgMxFM3UV62vURcu3ASL4KpMSuljIRR14bLFthY6Q8mkmTY08yDJCGWYjb/ixoUibv0Md/6NmbaCih4IHM45l5t73IgzqSzrw8itrK6tb+Q3C1vbO7t75v5BT4axILRLQh6Kvosl5SygXcUUp/1IUOy7nN6608vMv72jQrIw6KhZRB0fjwPmMYKVlobmkX1FucLwBp7DBLahHeo07KRDs2iVLMtCCMGMoFrV0qTRqJdRHaLM0iiCJVpD890ehST2aaAIx1IOkBUpJ8FCMcJpWrBjSSNMpnhMB5oG2KfSSeYHpPBUKyPohUK/QMG5+n0iwb6UM9/VSR+rifztZeJf3iBWXt1JWBDFigZksciLOVQhzNqAIyYoUXymCSaC6b9CMsECE6U7K+gSvi6F/5NeuYSqpUq7UmxeLOvIg2NwAs4AAjXQBNegBbqAgBQ8gCfwbNwbj8aL8bqI5ozlzCH4AePtE4NclRs=</latexit>

�S =
Q

T

<latexit sha1_base64="+9m0PgI7B9Dc8Czc5w2o1Ysaxhw=">AAAB+HicdVDLSgMxFM3UV62Pjrp0EyyCCymTUvpYCEU3Lly0YB/QDiWTZtrQZGZIMkId+iVuXCji1k9x59+YaSuo6IELh3Pu5d57vIgzpR3nw8qsrW9sbmW3czu7e/t5++Cwo8JYEtomIQ9lz8OKchbQtmaa014kKRYep11vepX63TsqFQuDWz2LqCvwOGA+I1gbaWjnW/ACCngzTPxzRuh8aBecouM4CCGYElStOIbU67USqkGUWgYFsEJzaL8PRiGJBQ004VipPnIi7SZYakY4necGsaIRJlM8pn1DAyyocpPF4XN4apQR9ENpKtBwoX6fSLBQaiY80ymwnqjfXir+5fVj7dfchAVRrGlAlov8mEMdwjQFOGKSEs1nhmAimbkVkgmWmGiTVc6E8PUp/J90SkVUKZZb5ULjchVHFhyDE3AGEKiCBrgGTdAGBMTgATyBZ+veerRerNdla8ZazRyBH7DePgFO1ZJB</latexit>

Q = mLf,ice

<latexit sha1_base64="elOVG2P/GyRZS9LBlPWKMUYXg2k="></latexit>

Q = 1.00kg(334kJ/kg) = 334kJ = 334, 000J

<latexit sha1_base64="ON1hQ5JZbQjhq4M1ztjEYE5koeQ="></latexit>

�S =
334, 000J

273K
= 1, 220J/K





HOME WORK

• Chap 15 - 2, 3, 47, 53


