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Lecture 2: Dynamic Modeling 
      - Theoretical (or Fundamental) Models

ẋ = f(x, u, p)
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y = g(x, u, p)
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Objectives

• Write balance equations using instantaneous 
methods


• Incorporate appropriate constitutive relationships into 
the equations


• Determine the state, input, and output variables and 
the parameters


• Degrees of freedom analysis 
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Dynamic Modeling

• Non steady-state initial condition, parameter changes, 
disturbances, etc.


• Often in the form of mathematical equation (time differential 
equation) 
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Express the process’s _______________

Dynamic Model


(Predictor)

x(0)
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Why Dynamic Modeling?

• Design (esp. batch processes, cyclic continuous processes that 
are inherently dynamic)


• Operability assessment (stability of intended operating condition, 
sensitivity to disturbances)


• Operator training


• Process optimization


• Design of startup / shutdown / transition procedure


• Design of control system
4

Usage:

Process dynamics must be understood well (often at a quantitative level) 
in order to design and operate the process effectively (e.g., design an 
effective control system)
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Modeling Approaches

5

Fundamental Modeling Empirical Modeling

• Theoretical/Mechanistic modeling

• Physico-chemical understanding + 

Conservation principle

• Difficult to develop: need detailed 

process knowledge

• Usually complex: a large set of 

ODEs or PDEs

• Fundamentally correct - can be 

used for exploratory purposes

• Used for simulation (operator 

training), optimization, and 
transition control

• Explain the observed response, 
cause-effect, pattern, etc.


• Easier to develop: need 
experimental data


• Usually kept simple: a small set of 
linear ODEs


• Lacks fundamental correctness: 
may not be useful in applications 
that require extrapolation beyond 
the conditions under which data 
were collected


• Used for controller design
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Linear System
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(system)
P
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System can be seen as a mapping between input     and output    u
<latexit sha1_base64="6VYvXpwK4vmh7Un1Z3E94MhegOk=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl/RO6qZLhTRBF5kdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FZxKhm0WCxi2fGpAsEjaGmuBXQSCTT0Bdz54+vMv7sHqXgc3epJAl5IhxEPOKPaSM20XywRm7g11yGY2C5xahcZqdWqFdfFjk3mKKElGv3iZ28QszSESDNBleo6JNHelErNmYBZoZcqSCgb0yF0DY1oCMqbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yuqkOqt6UR0mqIWKLRUEqsI5x9ms84BKYFhNDKJPc3IrZiErKtMlmZUs2W6pAzcpY0ERQBgWT0XcQ+H/SPrcdYjvNSql+tUwrj07QKTpDDrpEdXSDGqiFGAL0iJ7Qs/VgvViv1tuiNGcte47RCqz3L0tOmfc=</latexit><latexit sha1_base64="6VYvXpwK4vmh7Un1Z3E94MhegOk=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl/RO6qZLhTRBF5kdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FZxKhm0WCxi2fGpAsEjaGmuBXQSCTT0Bdz54+vMv7sHqXgc3epJAl5IhxEPOKPaSM20XywRm7g11yGY2C5xahcZqdWqFdfFjk3mKKElGv3iZ28QszSESDNBleo6JNHelErNmYBZoZcqSCgb0yF0DY1oCMqbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yuqkOqt6UR0mqIWKLRUEqsI5x9ms84BKYFhNDKJPc3IrZiErKtMlmZUs2W6pAzcpY0ERQBgWT0XcQ+H/SPrcdYjvNSql+tUwrj07QKTpDDrpEdXSDGqiFGAL0iJ7Qs/VgvViv1tuiNGcte47RCqz3L0tOmfc=</latexit><latexit sha1_base64="6VYvXpwK4vmh7Un1Z3E94MhegOk=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl/RO6qZLhTRBF5kdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FZxKhm0WCxi2fGpAsEjaGmuBXQSCTT0Bdz54+vMv7sHqXgc3epJAl5IhxEPOKPaSM20XywRm7g11yGY2C5xahcZqdWqFdfFjk3mKKElGv3iZ28QszSESDNBleo6JNHelErNmYBZoZcqSCgb0yF0DY1oCMqbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yuqkOqt6UR0mqIWKLRUEqsI5x9ms84BKYFhNDKJPc3IrZiErKtMlmZUs2W6pAzcpY0ERQBgWT0XcQ+H/SPrcdYjvNSql+tUwrj07QKTpDDrpEdXSDGqiFGAL0iJ7Qs/VgvViv1tuiNGcte47RCqz3L0tOmfc=</latexit><latexit sha1_base64="6VYvXpwK4vmh7Un1Z3E94MhegOk=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl/RO6qZLhTRBF5kdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FZxKhm0WCxi2fGpAsEjaGmuBXQSCTT0Bdz54+vMv7sHqXgc3epJAl5IhxEPOKPaSM20XywRm7g11yGY2C5xahcZqdWqFdfFjk3mKKElGv3iZ28QszSESDNBleo6JNHelErNmYBZoZcqSCgb0yF0DY1oCMqbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yuqkOqt6UR0mqIWKLRUEqsI5x9ms84BKYFhNDKJPc3IrZiErKtMlmZUs2W6pAzcpY0ERQBgWT0XcQ+H/SPrcdYjvNSql+tUwrj07QKTpDDrpEdXSDGqiFGAL0iJ7Qs/VgvViv1tuiNGcte47RCqz3L0tOmfc=</latexit>

y
<latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="moT6QAgS1/jW0hCefTzAw7Va4Mw=">AAAB+HicbVC7SgNBFL0bX3GNGmubwRCwCrs2Wgo2lhHMA5Il3J29mwyZfTAzK4QltWDrd9iJ/+Jn+AdOHoVJPDBwOOe+5oS5FNp43rdT2ds/ODyqHrsnNff07Lxe6+qsUJw6PJOZ6oeoSYqUOkYYSf1cESahpF44fVj4vRdSWmTps5nlFCQ4TkUsOBortUf1htfylmC7xF+TBqwxqv8Mo4wXCaWGS9R64Hu5CUpURnBJc3dYaMqRT3FMA0tTTEgH5fLMOWtaJWJxpuxLDVuqfztKTLSeJaGtTNBM9La3EP/zBoWJ74JSpHlhKOWrRXEhmcnY4s8sEoq4kTNLkCthb2V8ggq5sclsbFnMVjrW8yaTmEvk5NqI/O1Adkn3puV7Lf/JgypcwhVcgw+3cA+P0IYOcIjgDd6dV+fD+VxFWXHWmV7ABpyvX20xlsk=</latexit><latexit sha1_base64="sWyQKIrHvB1Jgdfwkz7oS4rsR5c=">AAAB/HicbVBJSgNBFP3tGGPU6NZNYQi4Ct1udCm4cZmAGSBpwu/K76RI9UBVtdA0OYC41XO4E6/iMbyBlWFhEh8UPN77U70glUIb1/12dnb39g8OS0fl48rJ6Vn1vNLRSaY4tXkiE9ULUJMUMbWNMJJ6qSKMAkndYPow97vPpLRI4ieTp+RHOI5FKDgaK7XyYbXmNtwF2DbxVqQGKzSH1Z/BKOFZRLHhErXue25q/AKVEVzSrDzINKXIpzimvqUxRqT9YnHojNWtMmJhouyLDVuofzsKjLTOo8BWRmgmetObi/95/cyEd34h4jQzFPPlojCTzCRs/ms2Eoq4kbklyJWwtzI+QYXc2GzWtsxnKx3qWZ1JTCVyKtuMvM1EtknnpuG5Da/lQgku4QquwYNbuIdHaEIbOBC8whu8Oy/Oh/O5THPHWcV6AWtwvn4BOQGYOw==</latexit><latexit sha1_base64="2GSENCUgmufTvLXfqjH/DhOLtvc=">AAAB/HicdVDLSgMxFL3j21q1unUTFMHVkFEHnZ3gxmULVgt1kEx6pw3NPEgyQhn6AeJWv8Od+Ct+hn9gpq1gRQ8EDufcV06US6ENpR/OwuLS8srq2npto765td3Yqd/orFAc2zyTmepETKMUKbaNMBI7uUKWRBJvo+Fl5d8+oNIiS6/NKMcwYf1UxIIzY6XW6L5xQF3qB75HCXV96gUnFQmC81PfJ55LJziAGZr3jc+7XsaLBFPDJdO669HchCVTRnCJ49pdoTFnfMj62LU0ZQnqsJwcOiaHVumROFP2pYZM1J8dJUu0HiWRrUyYGejfXiX+5XULE5+HpUjzwmDKp4viQhKTkerXpCcUciNHljCuhL2V8AFTjBubzdyWarbSsR4fEslyyTjWbEbfQZD/yc2x61HXa1FYgz3YhyPw4Awu4Aqa0AYOCE/wDC/Oo/PqvE3TXHBmse7CHJz3L69mmIk=</latexit><latexit sha1_base64="1cGbG008tRr5Fx7brnKIlQ+QPM4=">AAACB3icdVDLSgMxFM3UV62vqks3wVJwNWTUwc6u6MZlC/YBbSmZ9E4bmnmQZIRS+gHiVr/Dnbj1M/wM/8BMW8GKHggczrmvHD8RXGlCPqzc2vrG5lZ+u7Czu7d/UDw8aqo4lQwaLBaxbPtUgeARNDTXAtqJBBr6Alr++CbzW/cgFY+jOz1JoBfSYcQDzqg2Un3SL5aITVzPdQgmtksc7yIjnle5dF3s2GSOElqi1i9+dgcxS0OINBNUqY5DEt2bUqk5EzArdFMFCWVjOoSOoRENQfWm80NnuGyUAQ5iaV6k8Vz92TGloVKT0DeVIdUj9dvLxL+8TqqDSm/KoyTVELHFoiAVWMc4+zUecAlMi4khlElubsVsRCVl2mSzsiWbLVWgZmUsaCIog4LJ6DsI/D9pntsOsZ06KVWvl2nl0Qk6RWfIQVeoim5RDTUQQ4Ae0RN6th6sF+vVeluU5qxlzzFagfX+BVCamfc=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit><latexit sha1_base64="psng7TB48EWDRZBirUoqo/GqdO4=">AAACB3icdVDdSgJBGJ21P7M/q8tuhkToapktl9w7qZsuFdIEFZkdv9XB2R9mZgMRHyC6refoLrrtMXqM3qBZNcioAwOHc76/OX4iuNKEfFi5tfWNza38dmFnd2//oHh41FJxKhk0WSxi2fapAsEjaGquBbQTCTT0Bdz54+vMv7sHqXgc3epJAr2QDiMecEa1kRqTfrFEbOJ6rkMwsV3ieBcZ8bxqxXWxY5M5SmiJer/42R3ELA0h0kxQpToOSXRvSqXmTMCs0E0VJJSN6RA6hkY0BNWbzg+d4bJRBjiIpXmRxnP1Z8eUhkpNQt9UhlSP1G8vE//yOqkOqr0pj5JUQ8QWi4JUYB3j7Nd4wCUwLSaGUCa5uRWzEZWUaZPNypZstlSBmpWxoImgDAomo+8g8P+kdW47xHYalVLtaplWHp2gU3SGHHSJaugG1VETMQToET2hZ+vBerFerbdFac5a9hyjFVjvX1Hamfs=</latexit>

Linear system should satisfy principle of superposition
This also implies

y = P (u), u 2 D, y 2 R
<latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="moT6QAgS1/jW0hCefTzAw7Va4Mw=">AAAB+HicbVC7SgNBFL0bX3GNGmubwRCwCrs2Wgo2lhHMA5Il3J29mwyZfTAzK4QltWDrd9iJ/+Jn+AdOHoVJPDBwOOe+5oS5FNp43rdT2ds/ODyqHrsnNff07Lxe6+qsUJw6PJOZ6oeoSYqUOkYYSf1cESahpF44fVj4vRdSWmTps5nlFCQ4TkUsOBortUf1htfylmC7xF+TBqwxqv8Mo4wXCaWGS9R64Hu5CUpURnBJc3dYaMqRT3FMA0tTTEgH5fLMOWtaJWJxpuxLDVuqfztKTLSeJaGtTNBM9La3EP/zBoWJ74JSpHlhKOWrRXEhmcnY4s8sEoq4kTNLkCthb2V8ggq5sclsbFnMVjrW8yaTmEvk5NqI/O1Adkn3puV7Lf/JgypcwhVcgw+3cA+P0IYOcIjgDd6dV+fD+VxFWXHWmV7ABpyvX20xlsk=</latexit><latexit sha1_base64="dLrs1iLIoFYLEPG4O1vTMnDJhwQ=">AAACK3icbZDNSgMxFIXv+FvrX3XrJlgKCqXMuNGNIOjCZRWrQlvKnTTTBjOZIckIwzB9Ch9G3OpLuHEnrn0DM20XtnohcDgnuffm82PBtXHdd2dhcWl5ZbW0Vl7f2Nzaruxs3OooUZS1aCQide+jZoJL1jLcCHYfK4ahL9id/3Be5HePTGkeyRuTxqwb4kDygFM01upVGik5Jc2D5LA+SkiHS9IJ0Qwpiuwir4/SWes671WqbsMdF/krvKmowrSavcp3px/RJGTSUIFatz03Nt0MleFUsLzcSTSLkT7ggLWtlBgy3c3G/8pJzTp9EkTKHmnI2P39IsNQ6zT07c1iRT2fFeZ/WTsxwUk34zJODJN0MihIBDERKSCRPleMGpFagVRxuyuhQ1RIjUU5M6XorXSg8xoRGAukrGwZefNE/orbo4bnNrwrF0qwB/twAB4cwxlcQhNaQOEJXuAV3pxn58P5nNBccKZYd2GmnK8fhBSprA==</latexit><latexit sha1_base64="V5gUXAGciKv21ntLeRtULbWkjqw=">AAACK3icdZDLSgMxFIbPeLfeqls3wSIoyDDjRjeCoAuXVWwttKWcSTNtMJMZkowwDONT+DDiVl/CjTtx7RuYaRWslwMhP/+f5Jx8QSK4Np737ExNz8zOzS8sVpaWV1bXquvLTR2nirIGjUWsWgFqJrhkDcONYK1EMYwCwa6C65Myv7phSvNYXposYd0IB5KHnKKxVq/qZuSI1HfS3b3blHS4JJ0IzZCiyE+Lvdts0rooetWa5+57ZZHfwndHu1eDz6r3qu+dfkzTiElDBWrd9r3EdHNUhlPBikon1SxBeo0D1rZSYsR0Nx/9qyDb1umTMFZ2SUNG7vcbOUZaZ1FgT5Yj6p9Zaf6VtVMTHnZzLpPUMEnHjcJUEBOTEhLpc8WoEZkVSBW3sxI6RIXUWJQTXcq3lQ51sU0EJgIpq1hGXyDI/6K57/qe6597sACbsAU74MMBHMMZ1KEBFO7gAR7hybl3XpzXMc0p5xPrBkyU8/YBjUqpsg==</latexit><latexit sha1_base64="PzbXjkdvP9xItNIFRyEYlHAXNUs="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit><latexit sha1_base64="gqIH5p4r9yBNB/uEQ2V2JVOKSXY="></latexit>

Consider u1, u2 2 D
<latexit sha1_base64="U7VGVxAcqnh4EdpBAEkBfO9TQ/c=">AAACIHicdVDLSgMxFM3UV62vUTeCm2ApuJAyUwRduCjowmUF+4C2DHfSTBuayQxJRihD+zHiVr/DnbjUv/APzLQVrI8DIYdz7s29OX7MmdKO82bllpZXVtfy64WNza3tHXt3r6GiRBJaJxGPZMsHRTkTtK6Z5rQVSwqhz2nTH15mfvOOSsUicatHMe2G0BcsYAS0kTz7IPHck0niVXCHCdwJQQ8I8PRq7NlFp1xxMuDfxC1Pb6eI5qh59kenF5EkpEITDkq1XSfW3RSkZoTTcaGTKBoDGUKftg0VEFLVTac/GOOSUXo4iKQ5QuOp+r0jhVCpUeibymxF9dPLxL+8dqKD827KRJxoKshsUJBwrCOcxYF7TFKi+cgQIJKZXTEZgASiTWgLU7K3pQrUuIQ5xBwILZiMvoLA/5NGpew6ZffmtFi9mKeVR4foCB0jF52hKrpGNVRHBE3QA3pET9a99Wy9WK+z0pw179lHC7DePwFef6Ll</latexit><latexit sha1_base64="U7VGVxAcqnh4EdpBAEkBfO9TQ/c=">AAACIHicdVDLSgMxFM3UV62vUTeCm2ApuJAyUwRduCjowmUF+4C2DHfSTBuayQxJRihD+zHiVr/DnbjUv/APzLQVrI8DIYdz7s29OX7MmdKO82bllpZXVtfy64WNza3tHXt3r6GiRBJaJxGPZMsHRTkTtK6Z5rQVSwqhz2nTH15mfvOOSsUicatHMe2G0BcsYAS0kTz7IPHck0niVXCHCdwJQQ8I8PRq7NlFp1xxMuDfxC1Pb6eI5qh59kenF5EkpEITDkq1XSfW3RSkZoTTcaGTKBoDGUKftg0VEFLVTac/GOOSUXo4iKQ5QuOp+r0jhVCpUeibymxF9dPLxL+8dqKD827KRJxoKshsUJBwrCOcxYF7TFKi+cgQIJKZXTEZgASiTWgLU7K3pQrUuIQ5xBwILZiMvoLA/5NGpew6ZffmtFi9mKeVR4foCB0jF52hKrpGNVRHBE3QA3pET9a99Wy9WK+z0pw179lHC7DePwFef6Ll</latexit><latexit sha1_base64="U7VGVxAcqnh4EdpBAEkBfO9TQ/c=">AAACIHicdVDLSgMxFM3UV62vUTeCm2ApuJAyUwRduCjowmUF+4C2DHfSTBuayQxJRihD+zHiVr/DnbjUv/APzLQVrI8DIYdz7s29OX7MmdKO82bllpZXVtfy64WNza3tHXt3r6GiRBJaJxGPZMsHRTkTtK6Z5rQVSwqhz2nTH15mfvOOSsUicatHMe2G0BcsYAS0kTz7IPHck0niVXCHCdwJQQ8I8PRq7NlFp1xxMuDfxC1Pb6eI5qh59kenF5EkpEITDkq1XSfW3RSkZoTTcaGTKBoDGUKftg0VEFLVTac/GOOSUXo4iKQ5QuOp+r0jhVCpUeibymxF9dPLxL+8dqKD827KRJxoKshsUJBwrCOcxYF7TFKi+cgQIJKZXTEZgASiTWgLU7K3pQrUuIQ5xBwILZiMvoLA/5NGpew6ZffmtFi9mKeVR4foCB0jF52hKrpGNVRHBE3QA3pET9a99Wy9WK+z0pw179lHC7DePwFef6Ll</latexit><latexit sha1_base64="U7VGVxAcqnh4EdpBAEkBfO9TQ/c=">AAACIHicdVDLSgMxFM3UV62vUTeCm2ApuJAyUwRduCjowmUF+4C2DHfSTBuayQxJRihD+zHiVr/DnbjUv/APzLQVrI8DIYdz7s29OX7MmdKO82bllpZXVtfy64WNza3tHXt3r6GiRBJaJxGPZMsHRTkTtK6Z5rQVSwqhz2nTH15mfvOOSsUicatHMe2G0BcsYAS0kTz7IPHck0niVXCHCdwJQQ8I8PRq7NlFp1xxMuDfxC1Pb6eI5qh59kenF5EkpEITDkq1XSfW3RSkZoTTcaGTKBoDGUKftg0VEFLVTac/GOOSUXo4iKQ5QuOp+r0jhVCpUeibymxF9dPLxL+8dqKD827KRJxoKshsUJBwrCOcxYF7TFKi+cgQIJKZXTEZgASiTWgLU7K3pQrUuIQ5xBwILZiMvoLA/5NGpew6ZffmtFi9mKeVR4foCB0jF52hKrpGNVRHBE3QA3pET9a99Wy9WK+z0pw179lHC7DePwFef6Ll</latexit>

y1 = P (u1), y2 = P (u2)
<latexit sha1_base64="NmMPbzflow4Gnl8JKbvw1+nmXRI=">AAACInicdVBbS8MwGE29znmr+qYvwTHYQEpbBH1QGPji4wR3ga2UNEu3sPRCkgqlTPwx4qv+Dt/EJ8E/4T8w3So4LwdCTs75vnzJ8WJGhTTNN21hcWl5ZbW0Vl7f2Nza1nd22yJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjS9yv3NDuKBReC3TmDgBGobUpxhJJbn6fupa8Bw2a4lr1Y9uU9cuTnbd1SumYZs54G9iGdPdrIACTVf/6A8inAQklJghIXqWGUsnQ1xSzMik3E8EiREeoyHpKRqigAgnm/5hAqtKGUA/4mqFEk7V7x0ZCoRIA09VBkiOxE8vF//yeon0T52MhnEiSYhng/yEQRnBPBA4oJxgyVJFEOZUvRXiEeIISxXb3JT8bi58MalChmKGMCmrjL6CgP+Ttm1YpmFdHVcaZ0VaJXAADkENWOAENMAlaIIWwOAOPIBH8KTda8/ai/Y6K13Qip49MAft/RMMQaFj</latexit><latexit sha1_base64="NmMPbzflow4Gnl8JKbvw1+nmXRI=">AAACInicdVBbS8MwGE29znmr+qYvwTHYQEpbBH1QGPji4wR3ga2UNEu3sPRCkgqlTPwx4qv+Dt/EJ8E/4T8w3So4LwdCTs75vnzJ8WJGhTTNN21hcWl5ZbW0Vl7f2Nza1nd22yJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjS9yv3NDuKBReC3TmDgBGobUpxhJJbn6fupa8Bw2a4lr1Y9uU9cuTnbd1SumYZs54G9iGdPdrIACTVf/6A8inAQklJghIXqWGUsnQ1xSzMik3E8EiREeoyHpKRqigAgnm/5hAqtKGUA/4mqFEk7V7x0ZCoRIA09VBkiOxE8vF//yeon0T52MhnEiSYhng/yEQRnBPBA4oJxgyVJFEOZUvRXiEeIISxXb3JT8bi58MalChmKGMCmrjL6CgP+Ttm1YpmFdHVcaZ0VaJXAADkENWOAENMAlaIIWwOAOPIBH8KTda8/ai/Y6K13Qip49MAft/RMMQaFj</latexit><latexit sha1_base64="NmMPbzflow4Gnl8JKbvw1+nmXRI=">AAACInicdVBbS8MwGE29znmr+qYvwTHYQEpbBH1QGPji4wR3ga2UNEu3sPRCkgqlTPwx4qv+Dt/EJ8E/4T8w3So4LwdCTs75vnzJ8WJGhTTNN21hcWl5ZbW0Vl7f2Nza1nd22yJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjS9yv3NDuKBReC3TmDgBGobUpxhJJbn6fupa8Bw2a4lr1Y9uU9cuTnbd1SumYZs54G9iGdPdrIACTVf/6A8inAQklJghIXqWGUsnQ1xSzMik3E8EiREeoyHpKRqigAgnm/5hAqtKGUA/4mqFEk7V7x0ZCoRIA09VBkiOxE8vF//yeon0T52MhnEiSYhng/yEQRnBPBA4oJxgyVJFEOZUvRXiEeIISxXb3JT8bi58MalChmKGMCmrjL6CgP+Ttm1YpmFdHVcaZ0VaJXAADkENWOAENMAlaIIWwOAOPIBH8KTda8/ai/Y6K13Qip49MAft/RMMQaFj</latexit><latexit sha1_base64="NmMPbzflow4Gnl8JKbvw1+nmXRI=">AAACInicdVBbS8MwGE29znmr+qYvwTHYQEpbBH1QGPji4wR3ga2UNEu3sPRCkgqlTPwx4qv+Dt/EJ8E/4T8w3So4LwdCTs75vnzJ8WJGhTTNN21hcWl5ZbW0Vl7f2Nza1nd22yJKOCYtHLGIdz0kCKMhaUkqGenGnKDAY6TjjS9yv3NDuKBReC3TmDgBGobUpxhJJbn6fupa8Bw2a4lr1Y9uU9cuTnbd1SumYZs54G9iGdPdrIACTVf/6A8inAQklJghIXqWGUsnQ1xSzMik3E8EiREeoyHpKRqigAgnm/5hAqtKGUA/4mqFEk7V7x0ZCoRIA09VBkiOxE8vF//yeon0T52MhnEiSYhng/yEQRnBPBA4oJxgyVJFEOZUvRXiEeIISxXb3JT8bi58MalChmKGMCmrjL6CgP+Ttm1YpmFdHVcaZ0VaJXAADkENWOAENMAlaIIWwOAOPIBH8KTda8/ai/Y6K13Qip49MAft/RMMQaFj</latexit>

For any scalar values of a and b:
P (au1 + bu2) = aP (u1) + bP (u2) = ay1 + by2

<latexit sha1_base64="pvPbbub32recm7b4XuIFzHAta08="></latexit><latexit sha1_base64="pvPbbub32recm7b4XuIFzHAta08="></latexit><latexit sha1_base64="pvPbbub32recm7b4XuIFzHAta08="></latexit><latexit sha1_base64="pvPbbub32recm7b4XuIFzHAta08="></latexit>

Principle of superposition
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Determine if the systems given below are linear or not

1 y = 3u
<latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="moT6QAgS1/jW0hCefTzAw7Va4Mw=">AAAB+HicbVC7SgNBFL0bX3GNGmubwRCwCrs2Wgo2lhHMA5Il3J29mwyZfTAzK4QltWDrd9iJ/+Jn+AdOHoVJPDBwOOe+5oS5FNp43rdT2ds/ODyqHrsnNff07Lxe6+qsUJw6PJOZ6oeoSYqUOkYYSf1cESahpF44fVj4vRdSWmTps5nlFCQ4TkUsOBortUf1htfylmC7xF+TBqwxqv8Mo4wXCaWGS9R64Hu5CUpURnBJc3dYaMqRT3FMA0tTTEgH5fLMOWtaJWJxpuxLDVuqfztKTLSeJaGtTNBM9La3EP/zBoWJ74JSpHlhKOWrRXEhmcnY4s8sEoq4kTNLkCthb2V8ggq5sclsbFnMVjrW8yaTmEvk5NqI/O1Adkn3puV7Lf/JgypcwhVcgw+3cA+P0IYOcIjgDd6dV+fD+VxFWXHWmV7ABpyvX20xlsk=</latexit><latexit sha1_base64="GOkCtzDwO2t8asZfBtesKAPSHlw=">AAACAnicbVDLSsNAFL2pr1qrVrduBkvBVUl0oRtBcOOygn1AG8rNdNIOnUzCzEQIod8gbvU73In/4Wf4B07aLmzrgYHDOfc1J0gE18Z1v53S1vbO7l55v3JQPTw6rp1UOzpOFWVtGotY9QLUTHDJ2oYbwXqJYhgFgnWD6X3hd5+Z0jyWTyZLmB/hWPKQUzRW6mbkllyRdFiru013DrJJvCWpwxKtYe1nMIppGjFpqECt+56bGD9HZTgVbFYZpJolSKc4Zn1LJUZM+/n83BlpWGVEwljZJw2Zq387coy0zqLAVkZoJnrdK8T/vH5qwhs/5zJJDZN0sShMBTExKf5ORlwxakRmCVLF7a2ETlAhNTahlS3FbKVDPWsQgYlAyio2I289kU3SuWx6btN7dKEMZ3AOF+DBNdzBA7SgDRSm8Apv8O68OB/O5yLNkrOM9RRW4Hz9AiEmmbY=</latexit><latexit sha1_base64="RBIsuv5Jm88A7U5+dYF8K0bCTC8=">AAACAnicdVDLSgMxFL1TX7VWrW7dBEvB1ZCpC90IghuXFewD6lAy6Z02NPMgyQhD6TeIW/0Od+J/+Bn+gZm2gvVx4JLDOUnuvSdIpdCG0nentLa+sblV3q7sVHf39msH1Y5OMsWxzROZqF7ANEoRY9sII7GXKmRRILEbTK4Kv3uPSoskvjV5in7ERrEIBWfGSt2cXJBTkg1qdeo2aQHym3ju/KR1WKI1qH3cDROeRRgbLpnWfY+mxp8yZQSXOKvcZRpTxidshH1LYxah9qfzcWekYZUhCRNlKzZkrn5/MWWR1nkU2JsRM2P90yvEv7x+ZsJzfyriNDMY80WjMJPEJKTYnQyFQm5kbgnjSthZCR8zxbixCa10Kf5WOtSzBpEslYxjxWb0FQT5n3Sarkdd74ZCGY7gGE7AgzO4hGtoQRs4TOARnuDZeXBenNdFmiVnGeshrMB5+wQqXJm8</latexit><latexit sha1_base64="yL+4ixR8AXcg1V3poMTrA0gZJ+Y=">AAACDXicdVDLSgMxFL1TX7W+qi7dBEvB1ZCpC90IRTcuK9gHtEPJpJk2NJMZkowwlH6DuNXvcCdu/QY/wz8w01awPg6EHM65N/fmBIng2mD87hRWVtfWN4qbpa3tnd298v5BS8epoqxJYxGrTkA0E1yypuFGsE6iGIkCwdrB+Cr323dMaR7LW5MlzI/IUPKQU2Ks1M7QBTpFab9cwW4N50C/iefOblyBBRr98kdvENM0YtJQQbTuejgx/oQow6lg01Iv1SwhdEyGrGupJBHT/mS27hRVrTJAYazskQbN1O8dExJpnUWBrYyIGemfXi7+5XVTE577Ey6T1DBJ54PCVCATo/zvaMAVo0ZklhCquN0V0RFRhBqb0NKU/G2lQz2tIkESQSgr2Yy+gkD/k1bN9bDr3eBK/XKRVhGO4BhOwIMzqMM1NKAJFMbwAI/w5Nw7z86L8zovLTiLnkNYgvP2CdfgmzA=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit><latexit sha1_base64="fDfN2TadZsl8olriKapm9mKZvr4=">AAACDXicdVDLSgMxFM34rPVVdekmWAquhpkq6EYounFZwT6gHcqd9E4bmnmQZIQy9BvErX6HO3HrN/gZ/oGZtoL1cSDkcM69uTfHTwRX2nHeraXlldW19cJGcXNre2e3tLffVHEqGTZYLGLZ9kGh4BE2NNcC24lECH2BLX90lfutO5SKx9GtHifohTCIeMAZaCO1xvSCntC0Vyo7dtXJQX8T157eTpnMUe+VPrr9mKUhRpoJUKrjOon2MpCaM4GTYjdVmAAbwQA7hkYQovKy6boTWjFKnwaxNCfSdKp+78ggVGoc+qYyBD1UP71c/MvrpDo49zIeJanGiM0GBamgOqb532mfS2RajA0BJrnZlbIhSGDaJLQwJX9bqkBNKlRAIoBh0WT0FQT9nzSrtuvY7s1puXY5T6tADskROSYuOSM1ck3qpEEYGZEH8kierHvr2XqxXmelS9a854AswHr7BNkgmzQ=</latexit>

2 y = 3u+ 2
<latexit sha1_base64="N543GOolRGqGsBKZhZXdbb0dWjk=">AAACEXicdVDLSgMxFM3UV62vqks3wVIQhGGmCroRim5cVrAPmA4lk95pQzOTIckIQ+lXiFv9Dnfi1i/wM/wDM20F6+NAyOGce3NvTpBwprTjvFuFpeWV1bXiemljc2t7p7y711IilRSaVHAhOwFRwFkMTc00h04igUQBh3Ywusr99h1IxUR8q7ME/IgMYhYySrSRvAxf4BOc4mNc65Urjl1zcuDfxLWnt1NBczR65Y9uX9A0glhTTpTyXCfR/phIzSiHSambKkgIHZEBeIbGJALlj6crT3DVKH0cCmlOrPFU/d4xJpFSWRSYyojoofrp5eJfnpfq8NwfszhJNcR0NihMOdYC5//HfSaBap4ZQqhkZldMh0QSqk1KC1Pyt6UK1aSKOUk4oVAyGX0Fgf8nrZrtOrZ7c1qpX87TKqIDdIiOkIvOUB1dowZqIooEekCP6Mm6t56tF+t1Vlqw5j37aAHW2yd2S5v5</latexit><latexit sha1_base64="N543GOolRGqGsBKZhZXdbb0dWjk=">AAACEXicdVDLSgMxFM3UV62vqks3wVIQhGGmCroRim5cVrAPmA4lk95pQzOTIckIQ+lXiFv9Dnfi1i/wM/wDM20F6+NAyOGce3NvTpBwprTjvFuFpeWV1bXiemljc2t7p7y711IilRSaVHAhOwFRwFkMTc00h04igUQBh3Ywusr99h1IxUR8q7ME/IgMYhYySrSRvAxf4BOc4mNc65Urjl1zcuDfxLWnt1NBczR65Y9uX9A0glhTTpTyXCfR/phIzSiHSambKkgIHZEBeIbGJALlj6crT3DVKH0cCmlOrPFU/d4xJpFSWRSYyojoofrp5eJfnpfq8NwfszhJNcR0NihMOdYC5//HfSaBap4ZQqhkZldMh0QSqk1KC1Pyt6UK1aSKOUk4oVAyGX0Fgf8nrZrtOrZ7c1qpX87TKqIDdIiOkIvOUB1dowZqIooEekCP6Mm6t56tF+t1Vlqw5j37aAHW2yd2S5v5</latexit><latexit sha1_base64="N543GOolRGqGsBKZhZXdbb0dWjk=">AAACEXicdVDLSgMxFM3UV62vqks3wVIQhGGmCroRim5cVrAPmA4lk95pQzOTIckIQ+lXiFv9Dnfi1i/wM/wDM20F6+NAyOGce3NvTpBwprTjvFuFpeWV1bXiemljc2t7p7y711IilRSaVHAhOwFRwFkMTc00h04igUQBh3Ywusr99h1IxUR8q7ME/IgMYhYySrSRvAxf4BOc4mNc65Urjl1zcuDfxLWnt1NBczR65Y9uX9A0glhTTpTyXCfR/phIzSiHSambKkgIHZEBeIbGJALlj6crT3DVKH0cCmlOrPFU/d4xJpFSWRSYyojoofrp5eJfnpfq8NwfszhJNcR0NihMOdYC5//HfSaBap4ZQqhkZldMh0QSqk1KC1Pyt6UK1aSKOUk4oVAyGX0Fgf8nrZrtOrZ7c1qpX87TKqIDdIiOkIvOUB1dowZqIooEekCP6Mm6t56tF+t1Vlqw5j37aAHW2yd2S5v5</latexit><latexit sha1_base64="N543GOolRGqGsBKZhZXdbb0dWjk=">AAACEXicdVDLSgMxFM3UV62vqks3wVIQhGGmCroRim5cVrAPmA4lk95pQzOTIckIQ+lXiFv9Dnfi1i/wM/wDM20F6+NAyOGce3NvTpBwprTjvFuFpeWV1bXiemljc2t7p7y711IilRSaVHAhOwFRwFkMTc00h04igUQBh3Ywusr99h1IxUR8q7ME/IgMYhYySrSRvAxf4BOc4mNc65Urjl1zcuDfxLWnt1NBczR65Y9uX9A0glhTTpTyXCfR/phIzSiHSambKkgIHZEBeIbGJALlj6crT3DVKH0cCmlOrPFU/d4xJpFSWRSYyojoofrp5eJfnpfq8NwfszhJNcR0NihMOdYC5//HfSaBap4ZQqhkZldMh0QSqk1KC1Pyt6UK1aSKOUk4oVAyGX0Fgf8nrZrtOrZ7c1qpX87TKqIDdIiOkIvOUB1dowZqIooEekCP6Mm6t56tF+t1Vlqw5j37aAHW2yd2S5v5</latexit>

3 Can you make (System 2) a linear system by defining a deviation variable?

Note: People often call affine system linear system
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u3(t)
<latexit sha1_base64="V1l08xZNBX9Rt3TXbW2uTN4m6To=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTMkWut0V3DjsoK9QDuUTJppYzOTIckIpfQd3LhQxK3v4863MdNWUNEfAj/fOYec8weJ4Nog9OHkVlbX1jfym4Wt7Z3dveL+QUvLVFHWpFJI1QmIZoLHrGm4EayTKEaiQLB2ML7K6u17pjSX8a2ZJMyPyDDmIafEWNRK++dlc9ovlpB7gXCtWoXIRQhXPGxNreZZCLElmUpgqUa/+N4bSJpGLDZUEK27GCXGnxJlOBVsVuilmiWEjsmQda2NScS0P51vO4MnlgxgKJV9sYFz+n1iSiKtJ1FgOyNiRvp3LYN/1bqpCT1/yuMkNSymi4/CVEAjYXY6HHDFqBETawhV3O4K6YgoQo0NqGBD+LoU/m9aZy5GLr6plOreMo48OALHoAwwuAR1cA0aoAkouAMP4Ak8O9J5dF6c10VrzlnOHIIfct4+AQ3qjsE=</latexit><latexit sha1_base64="V1l08xZNBX9Rt3TXbW2uTN4m6To=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTMkWut0V3DjsoK9QDuUTJppYzOTIckIpfQd3LhQxK3v4863MdNWUNEfAj/fOYec8weJ4Nog9OHkVlbX1jfym4Wt7Z3dveL+QUvLVFHWpFJI1QmIZoLHrGm4EayTKEaiQLB2ML7K6u17pjSX8a2ZJMyPyDDmIafEWNRK++dlc9ovlpB7gXCtWoXIRQhXPGxNreZZCLElmUpgqUa/+N4bSJpGLDZUEK27GCXGnxJlOBVsVuilmiWEjsmQda2NScS0P51vO4MnlgxgKJV9sYFz+n1iSiKtJ1FgOyNiRvp3LYN/1bqpCT1/yuMkNSymi4/CVEAjYXY6HHDFqBETawhV3O4K6YgoQo0NqGBD+LoU/m9aZy5GLr6plOreMo48OALHoAwwuAR1cA0aoAkouAMP4Ak8O9J5dF6c10VrzlnOHIIfct4+AQ3qjsE=</latexit><latexit sha1_base64="V1l08xZNBX9Rt3TXbW2uTN4m6To=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTMkWut0V3DjsoK9QDuUTJppYzOTIckIpfQd3LhQxK3v4863MdNWUNEfAj/fOYec8weJ4Nog9OHkVlbX1jfym4Wt7Z3dveL+QUvLVFHWpFJI1QmIZoLHrGm4EayTKEaiQLB2ML7K6u17pjSX8a2ZJMyPyDDmIafEWNRK++dlc9ovlpB7gXCtWoXIRQhXPGxNreZZCLElmUpgqUa/+N4bSJpGLDZUEK27GCXGnxJlOBVsVuilmiWEjsmQda2NScS0P51vO4MnlgxgKJV9sYFz+n1iSiKtJ1FgOyNiRvp3LYN/1bqpCT1/yuMkNSymi4/CVEAjYXY6HHDFqBETawhV3O4K6YgoQo0NqGBD+LoU/m9aZy5GLr6plOreMo48OALHoAwwuAR1cA0aoAkouAMP4Ak8O9J5dF6c10VrzlnOHIIfct4+AQ3qjsE=</latexit><latexit sha1_base64="V1l08xZNBX9Rt3TXbW2uTN4m6To=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTMkWut0V3DjsoK9QDuUTJppYzOTIckIpfQd3LhQxK3v4863MdNWUNEfAj/fOYec8weJ4Nog9OHkVlbX1jfym4Wt7Z3dveL+QUvLVFHWpFJI1QmIZoLHrGm4EayTKEaiQLB2ML7K6u17pjSX8a2ZJMyPyDDmIafEWNRK++dlc9ovlpB7gXCtWoXIRQhXPGxNreZZCLElmUpgqUa/+N4bSJpGLDZUEK27GCXGnxJlOBVsVuilmiWEjsmQda2NScS0P51vO4MnlgxgKJV9sYFz+n1iSiKtJ1FgOyNiRvp3LYN/1bqpCT1/yuMkNSymi4/CVEAjYXY6HHDFqBETawhV3O4K6YgoQo0NqGBD+LoU/m9aZy5GLr6plOreMo48OALHoAwwuAR1cA0aoAkouAMP4Ak8O9J5dF6c10VrzlnOHIIfct4+AQ3qjsE=</latexit>

y3(t)
<latexit sha1_base64="7xzvXqWzTXu4duNepQUnw4f36ds=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTNktNbpruDGZQV7gXYomTTTxmYmQ5IRhqHv4MaFIm59H3e+jZm2gor+EPj5zjnknN+POVMaoQ+rsLK6tr5R3Cxtbe/s7pX3DzpKJJLQNhFcyJ6PFeUsom3NNKe9WFIc+px2/elVXu/eU6mYiG51GlMvxOOIBYxgbVAnHZ5X9emwXEH2BXIa9TpENkJOzXWMaTRcA6FjSK4KWKo1LL8PRoIkIY004VipvoNi7WVYakY4nZUGiaIxJlM8pn1jIxxS5WXzbWfwxJARDIQ0L9JwTr9PZDhUKg190xliPVG/azn8q9ZPdOB6GYviRNOILD4KEg61gPnpcMQkJZqnxmAimdkVkgmWmGgTUMmE8HUp/N90zmwH2c5NrdJ0l3EUwRE4BlXggEvQBNegBdqAgDvwAJ7AsyWsR+vFel20FqzlzCH4IevtExQOjsU=</latexit><latexit sha1_base64="7xzvXqWzTXu4duNepQUnw4f36ds=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTNktNbpruDGZQV7gXYomTTTxmYmQ5IRhqHv4MaFIm59H3e+jZm2gor+EPj5zjnknN+POVMaoQ+rsLK6tr5R3Cxtbe/s7pX3DzpKJJLQNhFcyJ6PFeUsom3NNKe9WFIc+px2/elVXu/eU6mYiG51GlMvxOOIBYxgbVAnHZ5X9emwXEH2BXIa9TpENkJOzXWMaTRcA6FjSK4KWKo1LL8PRoIkIY004VipvoNi7WVYakY4nZUGiaIxJlM8pn1jIxxS5WXzbWfwxJARDIQ0L9JwTr9PZDhUKg190xliPVG/azn8q9ZPdOB6GYviRNOILD4KEg61gPnpcMQkJZqnxmAimdkVkgmWmGgTUMmE8HUp/N90zmwH2c5NrdJ0l3EUwRE4BlXggEvQBNegBdqAgDvwAJ7AsyWsR+vFel20FqzlzCH4IevtExQOjsU=</latexit><latexit sha1_base64="7xzvXqWzTXu4duNepQUnw4f36ds=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTNktNbpruDGZQV7gXYomTTTxmYmQ5IRhqHv4MaFIm59H3e+jZm2gor+EPj5zjnknN+POVMaoQ+rsLK6tr5R3Cxtbe/s7pX3DzpKJJLQNhFcyJ6PFeUsom3NNKe9WFIc+px2/elVXu/eU6mYiG51GlMvxOOIBYxgbVAnHZ5X9emwXEH2BXIa9TpENkJOzXWMaTRcA6FjSK4KWKo1LL8PRoIkIY004VipvoNi7WVYakY4nZUGiaIxJlM8pn1jIxxS5WXzbWfwxJARDIQ0L9JwTr9PZDhUKg190xliPVG/azn8q9ZPdOB6GYviRNOILD4KEg61gPnpcMQkJZqnxmAimdkVkgmWmGgTUMmE8HUp/N90zmwH2c5NrdJ0l3EUwRE4BlXggEvQBNegBdqAgDvwAJ7AsyWsR+vFel20FqzlzCH4IevtExQOjsU=</latexit><latexit sha1_base64="7xzvXqWzTXu4duNepQUnw4f36ds=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIdTNktNbpruDGZQV7gXYomTTTxmYmQ5IRhqHv4MaFIm59H3e+jZm2gor+EPj5zjnknN+POVMaoQ+rsLK6tr5R3Cxtbe/s7pX3DzpKJJLQNhFcyJ6PFeUsom3NNKe9WFIc+px2/elVXu/eU6mYiG51GlMvxOOIBYxgbVAnHZ5X9emwXEH2BXIa9TpENkJOzXWMaTRcA6FjSK4KWKo1LL8PRoIkIY004VipvoNi7WVYakY4nZUGiaIxJlM8pn1jIxxS5WXzbWfwxJARDIQ0L9JwTr9PZDhUKg190xliPVG/azn8q9ZPdOB6GYviRNOILD4KEg61gPnpcMQkJZqnxmAimdkVkgmWmGgTUMmE8HUp/N90zmwH2c5NrdJ0l3EUwRE4BlXggEvQBNegBdqAgDvwAJ7AsyWsR+vFel20FqzlzCH4IevtExQOjsU=</latexit>

u1(t)
<latexit sha1_base64="ExjM/7tGvSe8ihbm4GEY1NEZU1k=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0WomzCJoa27ghuXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzC2vrG5lZxu7Szu7d/UD486iiRSkLbRHAhewFWlLOYtjXTnPYSSXEUcNoNple5372nUjER3+pZQv0Ij2MWMoK1kTrp0Knq82G5guzLRs31ahDZCNUd18mJW/cuPOgYJUcFrNAalt8HI0HSiMaacKxU30GJ9jMsNSOczkuDVNEEkyke076hMY6o8rPFtXN4ZpQRDIU0FWu4UL9PZDhSahYFpjPCeqJ+e7n4l9dPddjwMxYnqaYxWS4KUw61gPnrcMQkJZrPDMFEMnMrJBMsMdEmoJIJ4etT+D/puLaDbOfGqzQbqziK4AScgipwQB00wTVogTYg4A48gCfwbAnr0XqxXpetBWs1cwx+wHr7BAFujrg=</latexit><latexit sha1_base64="ExjM/7tGvSe8ihbm4GEY1NEZU1k=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0WomzCJoa27ghuXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzC2vrG5lZxu7Szu7d/UD486iiRSkLbRHAhewFWlLOYtjXTnPYSSXEUcNoNple5372nUjER3+pZQv0Ij2MWMoK1kTrp0Knq82G5guzLRs31ahDZCNUd18mJW/cuPOgYJUcFrNAalt8HI0HSiMaacKxU30GJ9jMsNSOczkuDVNEEkyke076hMY6o8rPFtXN4ZpQRDIU0FWu4UL9PZDhSahYFpjPCeqJ+e7n4l9dPddjwMxYnqaYxWS4KUw61gPnrcMQkJZrPDMFEMnMrJBMsMdEmoJIJ4etT+D/puLaDbOfGqzQbqziK4AScgipwQB00wTVogTYg4A48gCfwbAnr0XqxXpetBWs1cwx+wHr7BAFujrg=</latexit><latexit sha1_base64="ExjM/7tGvSe8ihbm4GEY1NEZU1k=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0WomzCJoa27ghuXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzC2vrG5lZxu7Szu7d/UD486iiRSkLbRHAhewFWlLOYtjXTnPYSSXEUcNoNple5372nUjER3+pZQv0Ij2MWMoK1kTrp0Knq82G5guzLRs31ahDZCNUd18mJW/cuPOgYJUcFrNAalt8HI0HSiMaacKxU30GJ9jMsNSOczkuDVNEEkyke076hMY6o8rPFtXN4ZpQRDIU0FWu4UL9PZDhSahYFpjPCeqJ+e7n4l9dPddjwMxYnqaYxWS4KUw61gPnrcMQkJZrPDMFEMnMrJBMsMdEmoJIJ4etT+D/puLaDbOfGqzQbqziK4AScgipwQB00wTVogTYg4A48gCfwbAnr0XqxXpetBWs1cwx+wHr7BAFujrg=</latexit><latexit sha1_base64="ExjM/7tGvSe8ihbm4GEY1NEZU1k=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0WomzCJoa27ghuXFewD2lAm00k7dpIJMxOhhP6DGxeKuPV/3Pk3TtoKKnrgwuGce7n3niDhTGmEPqzC2vrG5lZxu7Szu7d/UD486iiRSkLbRHAhewFWlLOYtjXTnPYSSXEUcNoNple5372nUjER3+pZQv0Ij2MWMoK1kTrp0Knq82G5guzLRs31ahDZCNUd18mJW/cuPOgYJUcFrNAalt8HI0HSiMaacKxU30GJ9jMsNSOczkuDVNEEkyke076hMY6o8rPFtXN4ZpQRDIU0FWu4UL9PZDhSahYFpjPCeqJ+e7n4l9dPddjwMxYnqaYxWS4KUw61gPnrcMQkJZrPDMFEMnMrJBMsMdEmoJIJ4etT+D/puLaDbOfGqzQbqziK4AScgipwQB00wTVogTYg4A48gCfwbAnr0XqxXpetBWs1cwx+wHr7BAFujrg=</latexit>

y1(t)
<latexit sha1_base64="lYwKR1iX33tx4voBECTA8Tpk5E4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZDUoa27ghuXFewD2qFk0kwbm3mQZIRh6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBlUbowyqsrW9sbhW3Szu7e/sH5cOjrooSSVmHRiKSfY8oJnjIOpprwfqxZCTwBOt5s6vc790zqXgU3uo0Zm5AJiH3OSXaSN10hKv6fFSuIPuyWa85dYhshBq4hnNSazgXDsRGyVEBK7RH5ffhOKJJwEJNBVFqgFGs3YxIzalg89IwUSwmdEYmbGBoSAKm3Gxx7RyeGWUM/UiaCjVcqN8nMhIolQae6QyInqrfXi7+5Q0S7TfdjIdxollIl4v8REAdwfx1OOaSUS1SQwiV3NwK6ZRIQrUJqGRC+PoU/k+6NRsjG984lVZzFUcRnIBTUAUYNEALXIM26AAK7sADeALPVmQ9Wi/W67K1YK1mjsEPWG+fB5KOvA==</latexit><latexit sha1_base64="lYwKR1iX33tx4voBECTA8Tpk5E4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZDUoa27ghuXFewD2qFk0kwbm3mQZIRh6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBlUbowyqsrW9sbhW3Szu7e/sH5cOjrooSSVmHRiKSfY8oJnjIOpprwfqxZCTwBOt5s6vc790zqXgU3uo0Zm5AJiH3OSXaSN10hKv6fFSuIPuyWa85dYhshBq4hnNSazgXDsRGyVEBK7RH5ffhOKJJwEJNBVFqgFGs3YxIzalg89IwUSwmdEYmbGBoSAKm3Gxx7RyeGWUM/UiaCjVcqN8nMhIolQae6QyInqrfXi7+5Q0S7TfdjIdxollIl4v8REAdwfx1OOaSUS1SQwiV3NwK6ZRIQrUJqGRC+PoU/k+6NRsjG984lVZzFUcRnIBTUAUYNEALXIM26AAK7sADeALPVmQ9Wi/W67K1YK1mjsEPWG+fB5KOvA==</latexit><latexit sha1_base64="lYwKR1iX33tx4voBECTA8Tpk5E4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZDUoa27ghuXFewD2qFk0kwbm3mQZIRh6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBlUbowyqsrW9sbhW3Szu7e/sH5cOjrooSSVmHRiKSfY8oJnjIOpprwfqxZCTwBOt5s6vc790zqXgU3uo0Zm5AJiH3OSXaSN10hKv6fFSuIPuyWa85dYhshBq4hnNSazgXDsRGyVEBK7RH5ffhOKJJwEJNBVFqgFGs3YxIzalg89IwUSwmdEYmbGBoSAKm3Gxx7RyeGWUM/UiaCjVcqN8nMhIolQae6QyInqrfXi7+5Q0S7TfdjIdxollIl4v8REAdwfx1OOaSUS1SQwiV3NwK6ZRIQrUJqGRC+PoU/k+6NRsjG984lVZzFUcRnIBTUAUYNEALXIM26AAK7sADeALPVmQ9Wi/W67K1YK1mjsEPWG+fB5KOvA==</latexit><latexit sha1_base64="lYwKR1iX33tx4voBECTA8Tpk5E4=">AAAB7XicdVDLSgMxFM3UV62vqks3wSLUzZDUoa27ghuXFewD2qFk0kwbm3mQZIRh6D+4caGIW//HnX9jpq2gogcuHM65l3vv8WLBlUbowyqsrW9sbhW3Szu7e/sH5cOjrooSSVmHRiKSfY8oJnjIOpprwfqxZCTwBOt5s6vc790zqXgU3uo0Zm5AJiH3OSXaSN10hKv6fFSuIPuyWa85dYhshBq4hnNSazgXDsRGyVEBK7RH5ffhOKJJwEJNBVFqgFGs3YxIzalg89IwUSwmdEYmbGBoSAKm3Gxx7RyeGWUM/UiaCjVcqN8nMhIolQae6QyInqrfXi7+5Q0S7TfdjIdxollIl4v8REAdwfx1OOaSUS1SQwiV3NwK6ZRIQrUJqGRC+PoU/k+6NRsjG984lVZzFUcRnIBTUAUYNEALXIM26AAK7sADeALPVmQ9Wi/W67K1YK1mjsEPWG+fB5KOvA==</latexit>

u2(t)
<latexit sha1_base64="weiaXMLquj15AyZQYgoiR8kw0Ts=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJ0zY2kwxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEHGmDUIfztr6xubWdmYnu7u3f3CYOzpuaxkrQltEcqm6AdaUM0FbhhlOu5GiOAw47QTTq9Tv3FOlmRS3ZhZRP8RjwUaMYGOldjwoFszFIJdHLqqU6yUEkVtGXrVetwShSq1UhJ4lKfJgheYg994fShKHVBjCsdY9D0XGT7AyjHA6z/ZjTSNMpnhMe5YKHFLtJ4tr5/DcKkM4ksqWMHChfp9IcKj1LAxsZ4jNRP/2UvEvrxebUc1PmIhiQwVZLhrFHBoJ09fhkClKDJ9Zgoli9lZIJlhhYmxAWRvC16fwf9Iuuh5yvZvLfKO2iiMDTsEZKAAPVEEDXIMmaAEC7sADeALPjnQenRfnddm65qxmTsAPOG+fDI6OwA==</latexit><latexit sha1_base64="weiaXMLquj15AyZQYgoiR8kw0Ts=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJ0zY2kwxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEHGmDUIfztr6xubWdmYnu7u3f3CYOzpuaxkrQltEcqm6AdaUM0FbhhlOu5GiOAw47QTTq9Tv3FOlmRS3ZhZRP8RjwUaMYGOldjwoFszFIJdHLqqU6yUEkVtGXrVetwShSq1UhJ4lKfJgheYg994fShKHVBjCsdY9D0XGT7AyjHA6z/ZjTSNMpnhMe5YKHFLtJ4tr5/DcKkM4ksqWMHChfp9IcKj1LAxsZ4jNRP/2UvEvrxebUc1PmIhiQwVZLhrFHBoJ09fhkClKDJ9Zgoli9lZIJlhhYmxAWRvC16fwf9Iuuh5yvZvLfKO2iiMDTsEZKAAPVEEDXIMmaAEC7sADeALPjnQenRfnddm65qxmTsAPOG+fDI6OwA==</latexit><latexit sha1_base64="weiaXMLquj15AyZQYgoiR8kw0Ts=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJ0zY2kwxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEHGmDUIfztr6xubWdmYnu7u3f3CYOzpuaxkrQltEcqm6AdaUM0FbhhlOu5GiOAw47QTTq9Tv3FOlmRS3ZhZRP8RjwUaMYGOldjwoFszFIJdHLqqU6yUEkVtGXrVetwShSq1UhJ4lKfJgheYg994fShKHVBjCsdY9D0XGT7AyjHA6z/ZjTSNMpnhMe5YKHFLtJ4tr5/DcKkM4ksqWMHChfp9IcKj1LAxsZ4jNRP/2UvEvrxebUc1PmIhiQwVZLhrFHBoJ09fhkClKDJ9Zgoli9lZIJlhhYmxAWRvC16fwf9Iuuh5yvZvLfKO2iiMDTsEZKAAPVEEDXIMmaAEC7sADeALPjnQenRfnddm65qxmTsAPOG+fDI6OwA==</latexit><latexit sha1_base64="weiaXMLquj15AyZQYgoiR8kw0Ts=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJ0zY2kwxJRihD/8GNC0Xc+j/u/BszbQUVPXDhcM693HtPEHGmDUIfztr6xubWdmYnu7u3f3CYOzpuaxkrQltEcqm6AdaUM0FbhhlOu5GiOAw47QTTq9Tv3FOlmRS3ZhZRP8RjwUaMYGOldjwoFszFIJdHLqqU6yUEkVtGXrVetwShSq1UhJ4lKfJgheYg994fShKHVBjCsdY9D0XGT7AyjHA6z/ZjTSNMpnhMe5YKHFLtJ4tr5/DcKkM4ksqWMHChfp9IcKj1LAxsZ4jNRP/2UvEvrxebUc1PmIhiQwVZLhrFHBoJ09fhkClKDJ9Zgoli9lZIJlhhYmxAWRvC16fwf9Iuuh5yvZvLfKO2iiMDTsEZKAAPVEEDXIMmaAEC7sADeALPjnQenRfnddm65qxmTsAPOG+fDI6OwA==</latexit>

y2(t)
<latexit sha1_base64="4b8F1zM6bkzNRi8el5tMpbifCXI=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57vIgzpRH6sNbWNza3tnM7+d29/YPDwtFxV4lYEtohggvZ97CinIW0o5nmtB9JigOP0543u8r83j2VionwVicRdQM8CZnPCNZG6iajcklfjApFZKNatVlBENlV5NSbTUMQqjUqZegYkqEIVmiPCu/DsSBxQENNOFZq4KBIuymWmhFO5/lhrGiEyQxP6MDQEAdUueni2jk8N8oY+kKaCjVcqN8nUhwolQSe6QywnqrfXib+5Q1i7TfclIVRrGlIlov8mEMtYPY6HDNJieaJIZhIZm6FZIolJtoElDchfH0K/yfdsu0g27m5LLYaqzhy4BScgRJwQB20wDVogw4g4A48gCfwbAnr0XqxXpeta9Zq5gT8gPX2CRKyjsQ=</latexit><latexit sha1_base64="4b8F1zM6bkzNRi8el5tMpbifCXI=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57vIgzpRH6sNbWNza3tnM7+d29/YPDwtFxV4lYEtohggvZ97CinIW0o5nmtB9JigOP0543u8r83j2VionwVicRdQM8CZnPCNZG6iajcklfjApFZKNatVlBENlV5NSbTUMQqjUqZegYkqEIVmiPCu/DsSBxQENNOFZq4KBIuymWmhFO5/lhrGiEyQxP6MDQEAdUueni2jk8N8oY+kKaCjVcqN8nUhwolQSe6QywnqrfXib+5Q1i7TfclIVRrGlIlov8mEMtYPY6HDNJieaJIZhIZm6FZIolJtoElDchfH0K/yfdsu0g27m5LLYaqzhy4BScgRJwQB20wDVogw4g4A48gCfwbAnr0XqxXpeta9Zq5gT8gPX2CRKyjsQ=</latexit><latexit sha1_base64="4b8F1zM6bkzNRi8el5tMpbifCXI=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57vIgzpRH6sNbWNza3tnM7+d29/YPDwtFxV4lYEtohggvZ97CinIW0o5nmtB9JigOP0543u8r83j2VionwVicRdQM8CZnPCNZG6iajcklfjApFZKNatVlBENlV5NSbTUMQqjUqZegYkqEIVmiPCu/DsSBxQENNOFZq4KBIuymWmhFO5/lhrGiEyQxP6MDQEAdUueni2jk8N8oY+kKaCjVcqN8nUhwolQSe6QywnqrfXib+5Q1i7TfclIVRrGlIlov8mEMtYPY6HDNJieaJIZhIZm6FZIolJtoElDchfH0K/yfdsu0g27m5LLYaqzhy4BScgRJwQB20wDVogw4g4A48gCfwbAnr0XqxXpeta9Zq5gT8gPX2CRKyjsQ=</latexit><latexit sha1_base64="4b8F1zM6bkzNRi8el5tMpbifCXI=">AAAB7XicdVDLSgMxFM34rPVVdekmWIS6GTKtfe0KblxWsA9oh5JJM21sZjIkGWEY+g9uXCji1v9x59+YaSuo6IELh3Pu5d57vIgzpRH6sNbWNza3tnM7+d29/YPDwtFxV4lYEtohggvZ97CinIW0o5nmtB9JigOP0543u8r83j2VionwVicRdQM8CZnPCNZG6iajcklfjApFZKNatVlBENlV5NSbTUMQqjUqZegYkqEIVmiPCu/DsSBxQENNOFZq4KBIuymWmhFO5/lhrGiEyQxP6MDQEAdUueni2jk8N8oY+kKaCjVcqN8nUhwolQSe6QywnqrfXib+5Q1i7TfclIVRrGlIlov8mEMtYPY6HDNJieaJIZhIZm6FZIolJtoElDchfH0K/yfdsu0g27m5LLYaqzhy4BScgRJwQB20wDVogw4g4A48gCfwbAnr0XqxXpeta9Zq5gT8gPX2CRKyjsQ=</latexit>

y2(t) =
1

2
H(t� 1)

<latexit sha1_base64="eZ+a1Ywuw8WwX3o3ZtG99GKrnLw=">AAACA3icdVDLSgNBEJz1bXxFvellMAjxYJhdNY+DIHjxqGBiIAlhdjKbDJl9MNMrhGXBi7/ixYMiXv0Jb/6Ns0kEFS1oKKq66e5yIyk0EPJhzczOzS8sLi3nVlbX1jfym1sNHcaK8ToLZaiaLtVcioDXQYDkzUhx6ruS37jD88y/ueVKizC4hlHEOz7tB8ITjIKRuvmdUdcpwgE+xW1PUZbYaeKkF0U4tA+6+QIpkfJJ7YhgUjohdqVWM4SQcvXIwbYhGQpoistu/r3dC1ns8wCYpFq3bBJBJ6EKBJM8zbVjzSPKhrTPW4YG1Oe6k4x/SPG+UXrYC5WpAPBY/T6RUF/rke+aTp/CQP/2MvEvrxWDV+0kIohi4AGbLPJiiSHEWSC4JxRnIEeGUKaEuRWzATVZgIktZ0L4+hT/TxpOySYl++q4cFadxrGEdtEeKiIbVdAZukCXqI4YukMP6Ak9W/fWo/VivU5aZ6zpzDb6AevtEzYHlfA=</latexit><latexit sha1_base64="eZ+a1Ywuw8WwX3o3ZtG99GKrnLw=">AAACA3icdVDLSgNBEJz1bXxFvellMAjxYJhdNY+DIHjxqGBiIAlhdjKbDJl9MNMrhGXBi7/ixYMiXv0Jb/6Ns0kEFS1oKKq66e5yIyk0EPJhzczOzS8sLi3nVlbX1jfym1sNHcaK8ToLZaiaLtVcioDXQYDkzUhx6ruS37jD88y/ueVKizC4hlHEOz7tB8ITjIKRuvmdUdcpwgE+xW1PUZbYaeKkF0U4tA+6+QIpkfJJ7YhgUjohdqVWM4SQcvXIwbYhGQpoistu/r3dC1ns8wCYpFq3bBJBJ6EKBJM8zbVjzSPKhrTPW4YG1Oe6k4x/SPG+UXrYC5WpAPBY/T6RUF/rke+aTp/CQP/2MvEvrxWDV+0kIohi4AGbLPJiiSHEWSC4JxRnIEeGUKaEuRWzATVZgIktZ0L4+hT/TxpOySYl++q4cFadxrGEdtEeKiIbVdAZukCXqI4YukMP6Ak9W/fWo/VivU5aZ6zpzDb6AevtEzYHlfA=</latexit><latexit sha1_base64="eZ+a1Ywuw8WwX3o3ZtG99GKrnLw=">AAACA3icdVDLSgNBEJz1bXxFvellMAjxYJhdNY+DIHjxqGBiIAlhdjKbDJl9MNMrhGXBi7/ixYMiXv0Jb/6Ns0kEFS1oKKq66e5yIyk0EPJhzczOzS8sLi3nVlbX1jfym1sNHcaK8ToLZaiaLtVcioDXQYDkzUhx6ruS37jD88y/ueVKizC4hlHEOz7tB8ITjIKRuvmdUdcpwgE+xW1PUZbYaeKkF0U4tA+6+QIpkfJJ7YhgUjohdqVWM4SQcvXIwbYhGQpoistu/r3dC1ns8wCYpFq3bBJBJ6EKBJM8zbVjzSPKhrTPW4YG1Oe6k4x/SPG+UXrYC5WpAPBY/T6RUF/rke+aTp/CQP/2MvEvrxWDV+0kIohi4AGbLPJiiSHEWSC4JxRnIEeGUKaEuRWzATVZgIktZ0L4+hT/TxpOySYl++q4cFadxrGEdtEeKiIbVdAZukCXqI4YukMP6Ak9W/fWo/VivU5aZ6zpzDb6AevtEzYHlfA=</latexit><latexit sha1_base64="eZ+a1Ywuw8WwX3o3ZtG99GKrnLw=">AAACA3icdVDLSgNBEJz1bXxFvellMAjxYJhdNY+DIHjxqGBiIAlhdjKbDJl9MNMrhGXBi7/ixYMiXv0Jb/6Ns0kEFS1oKKq66e5yIyk0EPJhzczOzS8sLi3nVlbX1jfym1sNHcaK8ToLZaiaLtVcioDXQYDkzUhx6ruS37jD88y/ueVKizC4hlHEOz7tB8ITjIKRuvmdUdcpwgE+xW1PUZbYaeKkF0U4tA+6+QIpkfJJ7YhgUjohdqVWM4SQcvXIwbYhGQpoistu/r3dC1ns8wCYpFq3bBJBJ6EKBJM8zbVjzSPKhrTPW4YG1Oe6k4x/SPG+UXrYC5WpAPBY/T6RUF/rke+aTp/CQP/2MvEvrxWDV+0kIohi4AGbLPJiiSHEWSC4JxRnIEeGUKaEuRWzATVZgIktZ0L4+hT/TxpOySYl++q4cFadxrGEdtEeKiIbVdAZukCXqI4YukMP6Ak9W/fWo/VivU5aZ6zpzDb6AevtEzYHlfA=</latexit>

H(t)
<latexit sha1_base64="e+CXOjItjUjh2pxCUn+ZbIXoIu8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0WomzCJoa27gpsuK9gHtKFMppN26EwSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVxKgntkJjHsh9gRTmLaEczzWk/kRSLgNNeMLvJ/d49lYrF0Z2eJ9QXeBKxkBGsc6lV1ZejcgXZ142a69UgshGqO66TE7fuXXnQMUqOClijPSq/D8cxSQWNNOFYqYGDEu1nWGpGOF2UhqmiCSYzPKEDQyMsqPKz5a0LeGGUMQxjaSrScKl+n8iwUGouAtMpsJ6q314u/uUNUh02/IxFSappRFaLwpRDHcP8cThmkhLN54ZgIpm5FZIplphoE0/JhPD1KfyfdF3bQbZz61WajXUcRXAGzkEVOKAOmqAF2qADCJiCB/AEni1hPVov1uuqtWCtZ07BD1hvn5WGjec=</latexit><latexit sha1_base64="e+CXOjItjUjh2pxCUn+ZbIXoIu8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0WomzCJoa27gpsuK9gHtKFMppN26EwSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVxKgntkJjHsh9gRTmLaEczzWk/kRSLgNNeMLvJ/d49lYrF0Z2eJ9QXeBKxkBGsc6lV1ZejcgXZ142a69UgshGqO66TE7fuXXnQMUqOClijPSq/D8cxSQWNNOFYqYGDEu1nWGpGOF2UhqmiCSYzPKEDQyMsqPKz5a0LeGGUMQxjaSrScKl+n8iwUGouAtMpsJ6q314u/uUNUh02/IxFSappRFaLwpRDHcP8cThmkhLN54ZgIpm5FZIplphoE0/JhPD1KfyfdF3bQbZz61WajXUcRXAGzkEVOKAOmqAF2qADCJiCB/AEni1hPVov1uuqtWCtZ07BD1hvn5WGjec=</latexit><latexit sha1_base64="e+CXOjItjUjh2pxCUn+ZbIXoIu8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0WomzCJoa27gpsuK9gHtKFMppN26EwSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVxKgntkJjHsh9gRTmLaEczzWk/kRSLgNNeMLvJ/d49lYrF0Z2eJ9QXeBKxkBGsc6lV1ZejcgXZ142a69UgshGqO66TE7fuXXnQMUqOClijPSq/D8cxSQWNNOFYqYGDEu1nWGpGOF2UhqmiCSYzPKEDQyMsqPKz5a0LeGGUMQxjaSrScKl+n8iwUGouAtMpsJ6q314u/uUNUh02/IxFSappRFaLwpRDHcP8cThmkhLN54ZgIpm5FZIplphoE0/JhPD1KfyfdF3bQbZz61WajXUcRXAGzkEVOKAOmqAF2qADCJiCB/AEni1hPVov1uuqtWCtZ07BD1hvn5WGjec=</latexit><latexit sha1_base64="e+CXOjItjUjh2pxCUn+ZbIXoIu8=">AAAB63icdVDLSsNAFJ3UV62vqks3g0WomzCJoa27gpsuK9gHtKFMppN26EwSZiZCCf0FNy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFjc2t7Z3ibmlv/+DwqHx80lVxKgntkJjHsh9gRTmLaEczzWk/kRSLgNNeMLvJ/d49lYrF0Z2eJ9QXeBKxkBGsc6lV1ZejcgXZ142a69UgshGqO66TE7fuXXnQMUqOClijPSq/D8cxSQWNNOFYqYGDEu1nWGpGOF2UhqmiCSYzPKEDQyMsqPKz5a0LeGGUMQxjaSrScKl+n8iwUGouAtMpsJ6q314u/uUNUh02/IxFSappRFaLwpRDHcP8cThmkhLN54ZgIpm5FZIplphoE0/JhPD1KfyfdF3bQbZz61WajXUcRXAGzkEVOKAOmqAF2qADCJiCB/AEni1hPVov1uuqtWCtZ07BD1hvn5WGjec=</latexit>

t � 1
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Linear vs. Nonlinear Dynamics

• Linear model represents significant simplification


- Knowledge of the output response to one particular input 
change can be extrapolated to predict the output responses 
to many different (sometimes any) input changes.


- Gives approximate behavior (locally valid around some 
particular operating point) for most nonlinear processes. In 
this case, variables must be expressed in terms of deviations 
from the steady-state values at the chosen operating 
point


• Nonlinear Dynamic System: Any system that is NOT 
linear

9
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How can you tell if a differential equation is linear 
or not?

10

If all the terms appear in the equation are linear functions of variables, it 
is linear. Otherwise it is not.

dy

dt
+ 3y = 2u(t)
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Modeling Principle
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2.4 Modeling Procedure

1. Draw the control volume. (Inside C.V., all intrinsic properties should be assumed same.)

2. Identify which balances are necessary.

• Changing volume, height �! Total Mass Balance.
1

• Changing concentration �! Component mass or molar balance.

• Changing temperature �! Energy balance

3. Write down mathematical expression for each term.

4. Put them together into equation.

1
You can always start with the total mass balance for any problems.
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Modeling Procedure

1. Draw the control volume (Inside C.V., all intrinsic 
properties should be assumed same)


2. Identify which balances are necessary

• Changing volume, height: Total Mass Balance


• Changing concentration: Component mass or molar balance


• Changing temperature: Energy balance


3. Write down mathematical expression for each term 


4. Put them together into equation


5. Incorporate constitutive equations if needed


6. Use the chain rule, etc. to simplify 

13
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Examples of Mass Balance
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1. Surge Tank
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<latexit sha1_base64="F4va1nB4bbOWHHP1a4tS2GszQt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqjQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NX4zq</latexit><latexit sha1_base64="F4va1nB4bbOWHHP1a4tS2GszQt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqjQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NX4zq</latexit><latexit sha1_base64="F4va1nB4bbOWHHP1a4tS2GszQt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqjQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NX4zq</latexit><latexit sha1_base64="F4va1nB4bbOWHHP1a4tS2GszQt4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8cWTFtoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8MBVcG9f9dkobm1vbO+Xdyt7+weFR9fikrZNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByN/c7T6g0T+SDmaYYxHQkecQZNVZqjQfVmlt3FyDrxCtIDQo0B9Wv/jBhWYzSMEG17nluaoKcKsOZwFmln2lMKZvQEfYslTRGHeSLQ2fkwipDEiXKljRkof6eyGms9TQObWdMzVivenPxP6+Xmeg2yLlMM4OSLRdFmSAmIfOvyZArZEZMLaFMcXsrYWOqKDM2m4oNwVt9eZ20r+qeW/da17VGo4ijDGdwDpfgwQ004B6a4AMDhGd4hTfn0Xlx3p2PZWvJKWZO4Q+czx/NX4zq</latexit>

⇢
<latexit sha1_base64="1mXLsMG0FjMa9jsXdyhjwkaDKkg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZrND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7KxubW9U92t7e0fHB7Vj0+6RmWa0A5RXOl+hA3lTNKOZZbTfqopFhGnvWh6V/i9J6oNU/LRzlIaCjyRLGYE20Ia6kSN6g2/6S+A1klQkgaUaI/qX8OxIpmg0hKOjRkEfmrDHGvLCKfz2jAzNMVkiid04KjEgpowX9w6RxdOGaNYaVfSooX6eyLHwpiZiFynwDYxq14h/ucNMhvfhjmTaWapJMtFccaRVah4HI2ZpsTymSOYaOZuRSTBGhPr4qm5EILVl9dJ96oZ+M3g4brRapVxVOEMzuESAriBFtxDGzpAIIFneIU3T3gv3rv3sWyteOXMKfyB9/kDHxKORQ==</latexit><latexit sha1_base64="1mXLsMG0FjMa9jsXdyhjwkaDKkg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZrND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7KxubW9U92t7e0fHB7Vj0+6RmWa0A5RXOl+hA3lTNKOZZbTfqopFhGnvWh6V/i9J6oNU/LRzlIaCjyRLGYE20Ia6kSN6g2/6S+A1klQkgaUaI/qX8OxIpmg0hKOjRkEfmrDHGvLCKfz2jAzNMVkiid04KjEgpowX9w6RxdOGaNYaVfSooX6eyLHwpiZiFynwDYxq14h/ucNMhvfhjmTaWapJMtFccaRVah4HI2ZpsTymSOYaOZuRSTBGhPr4qm5EILVl9dJ96oZ+M3g4brRapVxVOEMzuESAriBFtxDGzpAIIFneIU3T3gv3rv3sWyteOXMKfyB9/kDHxKORQ==</latexit><latexit sha1_base64="1mXLsMG0FjMa9jsXdyhjwkaDKkg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZrND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7KxubW9U92t7e0fHB7Vj0+6RmWa0A5RXOl+hA3lTNKOZZbTfqopFhGnvWh6V/i9J6oNU/LRzlIaCjyRLGYE20Ia6kSN6g2/6S+A1klQkgaUaI/qX8OxIpmg0hKOjRkEfmrDHGvLCKfz2jAzNMVkiid04KjEgpowX9w6RxdOGaNYaVfSooX6eyLHwpiZiFynwDYxq14h/ucNMhvfhjmTaWapJMtFccaRVah4HI2ZpsTymSOYaOZuRSTBGhPr4qm5EILVl9dJ96oZ+M3g4brRapVxVOEMzuESAriBFtxDGzpAIIFneIU3T3gv3rv3sWyteOXMKfyB9/kDHxKORQ==</latexit><latexit sha1_base64="1mXLsMG0FjMa9jsXdyhjwkaDKkg=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxOZrND5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KUs6M9f1vr7KxubW9U92t7e0fHB7Vj0+6RmWa0A5RXOl+hA3lTNKOZZbTfqopFhGnvWh6V/i9J6oNU/LRzlIaCjyRLGYE20Ia6kSN6g2/6S+A1klQkgaUaI/qX8OxIpmg0hKOjRkEfmrDHGvLCKfz2jAzNMVkiid04KjEgpowX9w6RxdOGaNYaVfSooX6eyLHwpiZiFynwDYxq14h/ucNMhvfhjmTaWapJMtFccaRVah4HI2ZpsTymSOYaOZuRSTBGhPr4qm5EILVl9dJ96oZ+M3g4brRapVxVOEMzuESAriBFtxDGzpAIIFneIU3T3gv3rv3sWyteOXMKfyB9/kDHxKORQ==</latexit>

A
<latexit sha1_base64="MSyZiznOBC02cSmoG6FAN9tyDjU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U63kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkkOMww==</latexit><latexit sha1_base64="MSyZiznOBC02cSmoG6FAN9tyDjU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U63kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkkOMww==</latexit><latexit sha1_base64="MSyZiznOBC02cSmoG6FAN9tyDjU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U63kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkkOMww==</latexit><latexit sha1_base64="MSyZiznOBC02cSmoG6FAN9tyDjU=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeKF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipeTsoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukfVX13KrXvK7U63kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AkkOMww==</latexit>

F1, F2
<latexit sha1_base64="qetrloYXEf8Wj6RllKh03omrAXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdIuixIBSPFewHtMuSTbNtaDZZk6xQlvojvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTjm9mfueRKs2kuDeThPoxHgoWMYKNlbqNwLt4agS1oFxxq+4caJV4OalAjmZQ/uoPJEljKgzhWOue5ybGz7AyjHA6LfVTTRNMxnhIe5YKHFPtZ/N7p+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif10tNdO1nTCSpoYIsFkUpR0ai2fNowBQlhk8swUQxeysiI6wwMTaikg3BW355lbRrVc+teneXlXo9j6MIJ3AK5+DBFdThFprQAgIcnuEV3pwH58V5dz4WrQUnnzmGP3A+fwDGa48f</latexit><latexit sha1_base64="qetrloYXEf8Wj6RllKh03omrAXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdIuixIBSPFewHtMuSTbNtaDZZk6xQlvojvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTjm9mfueRKs2kuDeThPoxHgoWMYKNlbqNwLt4agS1oFxxq+4caJV4OalAjmZQ/uoPJEljKgzhWOue5ybGz7AyjHA6LfVTTRNMxnhIe5YKHFPtZ/N7p+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif10tNdO1nTCSpoYIsFkUpR0ai2fNowBQlhk8swUQxeysiI6wwMTaikg3BW355lbRrVc+teneXlXo9j6MIJ3AK5+DBFdThFprQAgIcnuEV3pwH58V5dz4WrQUnnzmGP3A+fwDGa48f</latexit><latexit sha1_base64="qetrloYXEf8Wj6RllKh03omrAXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdIuixIBSPFewHtMuSTbNtaDZZk6xQlvojvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTjm9mfueRKs2kuDeThPoxHgoWMYKNlbqNwLt4agS1oFxxq+4caJV4OalAjmZQ/uoPJEljKgzhWOue5ybGz7AyjHA6LfVTTRNMxnhIe5YKHFPtZ/N7p+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif10tNdO1nTCSpoYIsFkUpR0ai2fNowBQlhk8swUQxeysiI6wwMTaikg3BW355lbRrVc+teneXlXo9j6MIJ3AK5+DBFdThFprQAgIcnuEV3pwH58V5dz4WrQUnnzmGP3A+fwDGa48f</latexit><latexit sha1_base64="qetrloYXEf8Wj6RllKh03omrAXw=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBg5TdIuixIBSPFewHtMuSTbNtaDZZk6xQlvojvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKa+sbm1vF7dLO7t7+QfnwqK1lqghtEcml6oZYU84EbRlmOO0miuI45LQTjm9mfueRKs2kuDeThPoxHgoWMYKNlbqNwLt4agS1oFxxq+4caJV4OalAjmZQ/uoPJEljKgzhWOue5ybGz7AyjHA6LfVTTRNMxnhIe5YKHFPtZ/N7p+jMKgMUSWVLGDRXf09kONZ6Eoe2M8ZmpJe9mfif10tNdO1nTCSpoYIsFkUpR0ai2fNowBQlhk8swUQxeysiI6wwMTaikg3BW355lbRrVc+teneXlXo9j6MIJ3AK5+DBFdThFprQAgIcnuEV3pwH58V5dz4WrQUnnzmGP3A+fwDGa48f</latexit>

: liquid density

: cross-sectional area of vessel

: volumetric flow rate (vol./time)

Given

Total M.B.

Total mass inside CV: 

Rate of mass accumulation inside CV:

Rate of mass into CV by flow:

Rate of mass out of CV by flow:

m = ⇢V
<latexit sha1_base64="MwZJCIHoU+XsM5dxqsmItfplb6U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEA8KAS8eI5gHJkuYncwmQ+axzMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3RQlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBFsnPQp0g3p6pFCrX674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fziKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjqzBjMkktlWSxKE45sgrN3kcDpimxfOIIJpq5WxEZYY2JdSGVXAjB8surpHVRDfxqcH9ZqV/ncRThBE7hHAKoQR3uoAFNICDhGV7hzTPei/fufSxaC14+cwx/4H3+ABvPj90=</latexit><latexit sha1_base64="MwZJCIHoU+XsM5dxqsmItfplb6U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEA8KAS8eI5gHJkuYncwmQ+axzMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3RQlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBFsnPQp0g3p6pFCrX674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fziKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjqzBjMkktlWSxKE45sgrN3kcDpimxfOIIJpq5WxEZYY2JdSGVXAjB8surpHVRDfxqcH9ZqV/ncRThBE7hHAKoQR3uoAFNICDhGV7hzTPei/fufSxaC14+cwx/4H3+ABvPj90=</latexit><latexit sha1_base64="MwZJCIHoU+XsM5dxqsmItfplb6U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEA8KAS8eI5gHJkuYncwmQ+axzMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3RQlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBFsnPQp0g3p6pFCrX674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fziKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjqzBjMkktlWSxKE45sgrN3kcDpimxfOIIJpq5WxEZYY2JdSGVXAjB8surpHVRDfxqcH9ZqV/ncRThBE7hHAKoQR3uoAFNICDhGV7hzTPei/fufSxaC14+cwx/4H3+ABvPj90=</latexit><latexit sha1_base64="MwZJCIHoU+XsM5dxqsmItfplb6U=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEA8KAS8eI5gHJkuYncwmQ+axzMwKYclfePGgiFf/xpt/4yTZgyYWNBRV3XR3RQlnxvr+t1dYW9/Y3Cpul3Z29/YPyodHLaNSTWiTKK50J8KGciZp0zLLaSfRFIuI03Y0vp357SeqDVPywU4SGgo8lCxmBFsnPQp0g3p6pFCrX674VX8OtEqCnFQgR6Nf/uoNFEkFlZZwbEw38BMbZlhbRjidlnqpoQkmYzykXUclFtSE2fziKTpzygDFSruSFs3V3xMZFsZMROQ6BbYjs+zNxP+8bmrjqzBjMkktlWSxKE45sgrN3kcDpimxfOIIJpq5WxEZYY2JdSGVXAjB8surpHVRDfxqcH9ZqV/ncRThBE7hHAKoQR3uoAFNICDhGV7hzTPei/fufSxaC14+cwx/4H3+ABvPj90=</latexit>

d(⇢V )

dt
<latexit sha1_base64="j1kqAY934whc5wVQaKYYHiv3Xe4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLpwUXDjsoJ9QFPKZDJph04mYWYi1BD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74Zup3HqhULBb3epLQfoSHgoWMYG2kgX3khRKTLKh5chSj9lmeBTof2FWn7syAlolbkCoUaA7sLy+ISRpRoQnHSvVcJ9H9DEvNCKd5xUsVTTAZ4yHtGSpwRFU/m12fo1OjBCiMpSmh0Uz9PZHhSKlJ5JvOCOuRWvSm4n9eL9XhVT9jIkk1FWS+KEw50jGaRoECJinRfGIIJpKZWxEZYROHNoFVTAju4svLpH1ed526e3dRbVwXcZThGE6gBi5cQgNuoQktIPAIz/AKb9aT9WK9Wx/z1pJVzBzCH1ifPyM1lP0=</latexit><latexit sha1_base64="j1kqAY934whc5wVQaKYYHiv3Xe4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLpwUXDjsoJ9QFPKZDJph04mYWYi1BD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74Zup3HqhULBb3epLQfoSHgoWMYG2kgX3khRKTLKh5chSj9lmeBTof2FWn7syAlolbkCoUaA7sLy+ISRpRoQnHSvVcJ9H9DEvNCKd5xUsVTTAZ4yHtGSpwRFU/m12fo1OjBCiMpSmh0Uz9PZHhSKlJ5JvOCOuRWvSm4n9eL9XhVT9jIkk1FWS+KEw50jGaRoECJinRfGIIJpKZWxEZYROHNoFVTAju4svLpH1ed526e3dRbVwXcZThGE6gBi5cQgNuoQktIPAIz/AKb9aT9WK9Wx/z1pJVzBzCH1ifPyM1lP0=</latexit><latexit sha1_base64="j1kqAY934whc5wVQaKYYHiv3Xe4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLpwUXDjsoJ9QFPKZDJph04mYWYi1BD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74Zup3HqhULBb3epLQfoSHgoWMYG2kgX3khRKTLKh5chSj9lmeBTof2FWn7syAlolbkCoUaA7sLy+ISRpRoQnHSvVcJ9H9DEvNCKd5xUsVTTAZ4yHtGSpwRFU/m12fo1OjBCiMpSmh0Uz9PZHhSKlJ5JvOCOuRWvSm4n9eL9XhVT9jIkk1FWS+KEw50jGaRoECJinRfGIIJpKZWxEZYROHNoFVTAju4svLpH1ed526e3dRbVwXcZThGE6gBi5cQgNuoQktIPAIz/AKb9aT9WK9Wx/z1pJVzBzCH1ifPyM1lP0=</latexit><latexit sha1_base64="j1kqAY934whc5wVQaKYYHiv3Xe4=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLpwUXDjsoJ9QFPKZDJph04mYWYi1BD8FTcuFHHrf7jzb5y2WWjrgQuHc+7l3nv8hDOlHefbKq2srq1vlDcrW9s7u3v2/kFbxakktEViHsuujxXlTNCWZprTbiIpjnxOO/74Zup3HqhULBb3epLQfoSHgoWMYG2kgX3khRKTLKh5chSj9lmeBTof2FWn7syAlolbkCoUaA7sLy+ISRpRoQnHSvVcJ9H9DEvNCKd5xUsVTTAZ4yHtGSpwRFU/m12fo1OjBCiMpSmh0Uz9PZHhSKlJ5JvOCOuRWvSm4n9eL9XhVT9jIkk1FWS+KEw50jGaRoECJinRfGIIJpKZWxEZYROHNoFVTAju4svLpH1ed526e3dRbVwXcZThGE6gBi5cQgNuoQktIPAIz/AKb9aT9WK9Wx/z1pJVzBzCH1ifPyM1lP0=</latexit>

⇢F1
<latexit sha1_base64="e9p8+JUfUinhjksZqoEy+XKn4/o=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiIIhlBBMDyRH2NnPJkr3dc3dPCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCgV3Fjf//YKK6tr6xvFzdLW9s7uXnn/oGlUphk2mBJKtyJqUHCJDcutwFaqkSaRwIdoeD31H55QG67kvR2lGCa0L3nMGbVOanX0QJGbbtAtV/yqPwNZJkFOKpCj3i1/dXqKZQlKywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKQJmnA8u3dCTpzSI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY0vwzGXaWZRsvmiOBPEKjJ9nvS4RmbFyBHKNHe3EjagmjLrIiq5EILFl5dJ86wa+NXg7rxSu8rjKMIRHMMpBHABNbiFOjSAgYBneIU379F78d69j3lrwctnDuEPvM8fLmePXw==</latexit><latexit sha1_base64="e9p8+JUfUinhjksZqoEy+XKn4/o=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiIIhlBBMDyRH2NnPJkr3dc3dPCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCgV3Fjf//YKK6tr6xvFzdLW9s7uXnn/oGlUphk2mBJKtyJqUHCJDcutwFaqkSaRwIdoeD31H55QG67kvR2lGCa0L3nMGbVOanX0QJGbbtAtV/yqPwNZJkFOKpCj3i1/dXqKZQlKywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKQJmnA8u3dCTpzSI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY0vwzGXaWZRsvmiOBPEKjJ9nvS4RmbFyBHKNHe3EjagmjLrIiq5EILFl5dJ86wa+NXg7rxSu8rjKMIRHMMpBHABNbiFOjSAgYBneIU379F78d69j3lrwctnDuEPvM8fLmePXw==</latexit><latexit sha1_base64="e9p8+JUfUinhjksZqoEy+XKn4/o=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiIIhlBBMDyRH2NnPJkr3dc3dPCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCgV3Fjf//YKK6tr6xvFzdLW9s7uXnn/oGlUphk2mBJKtyJqUHCJDcutwFaqkSaRwIdoeD31H55QG67kvR2lGCa0L3nMGbVOanX0QJGbbtAtV/yqPwNZJkFOKpCj3i1/dXqKZQlKywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKQJmnA8u3dCTpzSI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY0vwzGXaWZRsvmiOBPEKjJ9nvS4RmbFyBHKNHe3EjagmjLrIiq5EILFl5dJ86wa+NXg7rxSu8rjKMIRHMMpBHABNbiFOjSAgYBneIU379F78d69j3lrwctnDuEPvM8fLmePXw==</latexit><latexit sha1_base64="e9p8+JUfUinhjksZqoEy+XKn4/o=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0MIiIIhlBBMDyRH2NnPJkr3dc3dPCCF/wsZCEVv/jp3/xk1yhSY+GHi8N8PMvCgV3Fjf//YKK6tr6xvFzdLW9s7uXnn/oGlUphk2mBJKtyJqUHCJDcutwFaqkSaRwIdoeD31H55QG67kvR2lGCa0L3nMGbVOanX0QJGbbtAtV/yqPwNZJkFOKpCj3i1/dXqKZQlKywQ1ph34qQ3HVFvOBE5KncxgStmQ9rHtqKQJmnA8u3dCTpzSI7HSrqQlM/X3xJgmxoySyHUm1A7MojcV//PamY0vwzGXaWZRsvmiOBPEKjJ9nvS4RmbFyBHKNHe3EjagmjLrIiq5EILFl5dJ86wa+NXg7rxSu8rjKMIRHMMpBHABNbiFOjSAgYBneIU379F78d69j3lrwctnDuEPvM8fLmePXw==</latexit>

⇢F2
<latexit sha1_base64="ixsW3KaGe5qO1g7Xi3irm/aEaVI=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqewWQQ8eCoJ4rGA/oF1KNs22odlkTbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDAR3FjP+0aFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNS23gnUSzUgcCtYOxzczv/3EtOFKPthJwoKYDCWPOCXWSZ2eHil826/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7vFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex4PuGbUiokjhGrubsV0RDSh1kVUciH4yy+vklat6ntV//6iUr/O4yjCCZzCOfhwCXW4gwY0gYKAZ3iFN/SIXtA7+li0FlA+cwx/gD5/AC/rj2A=</latexit><latexit sha1_base64="ixsW3KaGe5qO1g7Xi3irm/aEaVI=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqewWQQ8eCoJ4rGA/oF1KNs22odlkTbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDAR3FjP+0aFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNS23gnUSzUgcCtYOxzczv/3EtOFKPthJwoKYDCWPOCXWSZ2eHil826/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7vFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex4PuGbUiokjhGrubsV0RDSh1kVUciH4yy+vklat6ntV//6iUr/O4yjCCZzCOfhwCXW4gwY0gYKAZ3iFN/SIXtA7+li0FlA+cwx/gD5/AC/rj2A=</latexit><latexit sha1_base64="ixsW3KaGe5qO1g7Xi3irm/aEaVI=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqewWQQ8eCoJ4rGA/oF1KNs22odlkTbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDAR3FjP+0aFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNS23gnUSzUgcCtYOxzczv/3EtOFKPthJwoKYDCWPOCXWSZ2eHil826/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7vFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex4PuGbUiokjhGrubsV0RDSh1kVUciH4yy+vklat6ntV//6iUr/O4yjCCZzCOfhwCXW4gwY0gYKAZ3iFN/SIXtA7+li0FlA+cwx/gD5/AC/rj2A=</latexit><latexit sha1_base64="ixsW3KaGe5qO1g7Xi3irm/aEaVI=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqewWQQ8eCoJ4rGA/oF1KNs22odlkTbJCWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMvDAR3FjP+0aFtfWNza3idmlnd2//oHx41DIq1ZQ1qRJKd0JimOCSNS23gnUSzUgcCtYOxzczv/3EtOFKPthJwoKYDCWPOCXWSZ2eHil826/1yxWv6s2BV4mfkwrkaPTLX72BomnMpKWCGNP1vcQGGdGWU8GmpV5qWELomAxZ11FJYmaCbH7vFJ85ZYAjpV1Ji+fq74mMxMZM4tB1xsSOzLI3E//zuqmNroKMyyS1TNLFoigV2Co8ex4PuGbUiokjhGrubsV0RDSh1kVUciH4yy+vklat6ntV//6iUr/O4yjCCZzCOfhwCXW4gwY0gYKAZ3iFN/SIXtA7+li0FlA+cwx/gD5/AC/rj2A=</latexit>

d(⇢V )

dt
= ⇢F1 � ⇢F2

<latexit sha1_base64="zRFlSuxjO7twEk6r/By8sl0MvhU=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQpuBoh6AHhYEgHie4F1hLSdN0C0ubkqTCKPsOXvwqXjwo4tWLN7+NWVdBp38I/PJ/nofk+fsJo1JZ1qdRWlhcWl4pr1bW1jc2t8ztnY7kqcCkjTnjoucjSRiNSVtRxUgvEQRFPiNdf3Q5rXfviJCUx7dqnBA3QoOYhhQjpS3PPHJCgXAW1Bwx5LBzOMkCNYEXML9eeTY8/saGZ1atupUL/gW7gCoo1PLMDyfgOI1IrDBDUvZtK1FuhoSimJFJxUklSRAeoQHpa4xRRKSb5TtN4IF2AhhyoU+sYO7+nMhQJOU48nVnhNRQztem5n+1fqrCMzejcZIqEuPZQ2HKoOJwGhAMqCBYsbEGhAXVf4V4iHRISsdY0SHY8yv/hU6jblt1++ak2jwv4iiDPbAPasAGp6AJrkELtAEG9+ARPIMX48F4Ml6Nt1lryShmdsEvGe9fhnCb+g==</latexit><latexit sha1_base64="zRFlSuxjO7twEk6r/By8sl0MvhU=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQpuBoh6AHhYEgHie4F1hLSdN0C0ubkqTCKPsOXvwqXjwo4tWLN7+NWVdBp38I/PJ/nofk+fsJo1JZ1qdRWlhcWl4pr1bW1jc2t8ztnY7kqcCkjTnjoucjSRiNSVtRxUgvEQRFPiNdf3Q5rXfviJCUx7dqnBA3QoOYhhQjpS3PPHJCgXAW1Bwx5LBzOMkCNYEXML9eeTY8/saGZ1atupUL/gW7gCoo1PLMDyfgOI1IrDBDUvZtK1FuhoSimJFJxUklSRAeoQHpa4xRRKSb5TtN4IF2AhhyoU+sYO7+nMhQJOU48nVnhNRQztem5n+1fqrCMzejcZIqEuPZQ2HKoOJwGhAMqCBYsbEGhAXVf4V4iHRISsdY0SHY8yv/hU6jblt1++ak2jwv4iiDPbAPasAGp6AJrkELtAEG9+ARPIMX48F4Ml6Nt1lryShmdsEvGe9fhnCb+g==</latexit><latexit sha1_base64="zRFlSuxjO7twEk6r/By8sl0MvhU=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQpuBoh6AHhYEgHie4F1hLSdN0C0ubkqTCKPsOXvwqXjwo4tWLN7+NWVdBp38I/PJ/nofk+fsJo1JZ1qdRWlhcWl4pr1bW1jc2t8ztnY7kqcCkjTnjoucjSRiNSVtRxUgvEQRFPiNdf3Q5rXfviJCUx7dqnBA3QoOYhhQjpS3PPHJCgXAW1Bwx5LBzOMkCNYEXML9eeTY8/saGZ1atupUL/gW7gCoo1PLMDyfgOI1IrDBDUvZtK1FuhoSimJFJxUklSRAeoQHpa4xRRKSb5TtN4IF2AhhyoU+sYO7+nMhQJOU48nVnhNRQztem5n+1fqrCMzejcZIqEuPZQ2HKoOJwGhAMqCBYsbEGhAXVf4V4iHRISsdY0SHY8yv/hU6jblt1++ak2jwv4iiDPbAPasAGp6AJrkELtAEG9+ARPIMX48F4Ml6Nt1lryShmdsEvGe9fhnCb+g==</latexit><latexit sha1_base64="zRFlSuxjO7twEk6r/By8sl0MvhU=">AAACE3icbZBNS8MwGMfT+TbnW9Wjl+AQpuBoh6AHhYEgHie4F1hLSdN0C0ubkqTCKPsOXvwqXjwo4tWLN7+NWVdBp38I/PJ/nofk+fsJo1JZ1qdRWlhcWl4pr1bW1jc2t8ztnY7kqcCkjTnjoucjSRiNSVtRxUgvEQRFPiNdf3Q5rXfviJCUx7dqnBA3QoOYhhQjpS3PPHJCgXAW1Bwx5LBzOMkCNYEXML9eeTY8/saGZ1atupUL/gW7gCoo1PLMDyfgOI1IrDBDUvZtK1FuhoSimJFJxUklSRAeoQHpa4xRRKSb5TtN4IF2AhhyoU+sYO7+nMhQJOU48nVnhNRQztem5n+1fqrCMzejcZIqEuPZQ2HKoOJwGhAMqCBYsbEGhAXVf4V4iHRISsdY0SHY8yv/hU6jblt1++ak2jwv4iiDPbAPasAGp6AJrkELtAEG9+ARPIMX48F4Ml6Nt1lryShmdsEvGe9fhnCb+g==</latexit>

1
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Constitutive Equation?

V = Ah
<latexit sha1_base64="ozLNaKJL0XlUSDHpMpmLvXTn/D8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IsQ8eKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0tr6xuVXeruzs7u0fVA+PWjrJFMMmS0SiOiHVKLjEpuFGYCdVSONQYDsc38389hMqzRP5aCYpBjEdSh5xRo2V2i1yQ27JqF+tuXV3DrJKvILUoECjX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/d0rOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvudDLhCZsTEEsoUt7cSNqKKMmMTqtgQvOWXV0nrou65de/hsub7RRxlOIFTOAcPrsCHe2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AGCbI5a</latexit><latexit sha1_base64="ozLNaKJL0XlUSDHpMpmLvXTn/D8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IsQ8eKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0tr6xuVXeruzs7u0fVA+PWjrJFMMmS0SiOiHVKLjEpuFGYCdVSONQYDsc38389hMqzRP5aCYpBjEdSh5xRo2V2i1yQ27JqF+tuXV3DrJKvILUoECjX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/d0rOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvudDLhCZsTEEsoUt7cSNqKKMmMTqtgQvOWXV0nrou65de/hsub7RRxlOIFTOAcPrsCHe2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AGCbI5a</latexit><latexit sha1_base64="ozLNaKJL0XlUSDHpMpmLvXTn/D8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IsQ8eKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0tr6xuVXeruzs7u0fVA+PWjrJFMMmS0SiOiHVKLjEpuFGYCdVSONQYDsc38389hMqzRP5aCYpBjEdSh5xRo2V2i1yQ27JqF+tuXV3DrJKvILUoECjX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/d0rOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvudDLhCZsTEEsoUt7cSNqKKMmMTqtgQvOWXV0nrou65de/hsub7RRxlOIFTOAcPrsCHe2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AGCbI5a</latexit><latexit sha1_base64="ozLNaKJL0XlUSDHpMpmLvXTn/D8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0IsQ8eKxgv2ANpTNdtIu3WzC7kYooT/CiwdFvPp7vPlv3LY5aOuDgcd7M8zMC1PBtXHdb6e0tr6xuVXeruzs7u0fVA+PWjrJFMMmS0SiOiHVKLjEpuFGYCdVSONQYDsc38389hMqzRP5aCYpBjEdSh5xRo2V2i1yQ27JqF+tuXV3DrJKvILUoECjX/3qDRKWxSgNE1TrruemJsipMpwJnFZ6mcaUsjEdYtdSSWPUQT4/d0rOrDIgUaJsSUPm6u+JnMZaT+LQdsbUjPSyNxP/87qZia6DnMs0MyjZYlGUCWISMvudDLhCZsTEEsoUt7cSNqKKMmMTqtgQvOWXV0nrou65de/hsub7RRxlOIFTOAcPrsCHe2hAExiM4Rle4c1JnRfn3flYtJacYuYY/sD5/AGCbI5a</latexit>

2

2 1
d(⇢Ah)

dt
= ⇢F1 � ⇢F2

<latexit sha1_base64="+SIor0mI/KGS9GOak+bz8q8FIwQ=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKmhJiqAboSKIywr2Ak0Ik8mkGTq5MDMRSshLuPFV3LhQxK3gzrdxmkbQ6g8DH/85hzPndxNGhTSMT62ysLi0vFJdra2tb2xu6ds7PRGnHJMujlnMBy4ShNGIdCWVjAwSTlDoMtJ3x5fTev+OcEHj6FZOEmKHaBRRn2IkleXoR5bPEc68hsWDGF7A4DDPPJnDc1gYV44Jj7+x5eh1o2kUgn/BLKEOSnUc/cPyYpyGJJKYISGGppFIO0NcUsxIXrNSQRKEx2hEhgojFBJhZ8VVOTxQjgf9mKsXSVi4PycyFAoxCV3VGSIZiPna1PyvNkylf2ZnNEpSSSI8W+SnDMoYTiOCHuUESzZRgDCn6q8QB0jFJFWQNRWCOX/yX+i1mqbRNG9O6u12GUcV7IF90AAmOAVtcA06oAswuAeP4Bm8aA/ak/aqvc1aK1o5swt+SXv/ApdpnIU=</latexit><latexit sha1_base64="+SIor0mI/KGS9GOak+bz8q8FIwQ=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKmhJiqAboSKIywr2Ak0Ik8mkGTq5MDMRSshLuPFV3LhQxK3gzrdxmkbQ6g8DH/85hzPndxNGhTSMT62ysLi0vFJdra2tb2xu6ds7PRGnHJMujlnMBy4ShNGIdCWVjAwSTlDoMtJ3x5fTev+OcEHj6FZOEmKHaBRRn2IkleXoR5bPEc68hsWDGF7A4DDPPJnDc1gYV44Jj7+x5eh1o2kUgn/BLKEOSnUc/cPyYpyGJJKYISGGppFIO0NcUsxIXrNSQRKEx2hEhgojFBJhZ8VVOTxQjgf9mKsXSVi4PycyFAoxCV3VGSIZiPna1PyvNkylf2ZnNEpSSSI8W+SnDMoYTiOCHuUESzZRgDCn6q8QB0jFJFWQNRWCOX/yX+i1mqbRNG9O6u12GUcV7IF90AAmOAVtcA06oAswuAeP4Bm8aA/ak/aqvc1aK1o5swt+SXv/ApdpnIU=</latexit><latexit sha1_base64="+SIor0mI/KGS9GOak+bz8q8FIwQ=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKmhJiqAboSKIywr2Ak0Ik8mkGTq5MDMRSshLuPFV3LhQxK3gzrdxmkbQ6g8DH/85hzPndxNGhTSMT62ysLi0vFJdra2tb2xu6ds7PRGnHJMujlnMBy4ShNGIdCWVjAwSTlDoMtJ3x5fTev+OcEHj6FZOEmKHaBRRn2IkleXoR5bPEc68hsWDGF7A4DDPPJnDc1gYV44Jj7+x5eh1o2kUgn/BLKEOSnUc/cPyYpyGJJKYISGGppFIO0NcUsxIXrNSQRKEx2hEhgojFBJhZ8VVOTxQjgf9mKsXSVi4PycyFAoxCV3VGSIZiPna1PyvNkylf2ZnNEpSSSI8W+SnDMoYTiOCHuUESzZRgDCn6q8QB0jFJFWQNRWCOX/yX+i1mqbRNG9O6u12GUcV7IF90AAmOAVtcA06oAswuAeP4Bm8aA/ak/aqvc1aK1o5swt+SXv/ApdpnIU=</latexit><latexit sha1_base64="+SIor0mI/KGS9GOak+bz8q8FIwQ=">AAACFXicbZDLSsNAFIYn9VbrLerSzWARKmhJiqAboSKIywr2Ak0Ik8mkGTq5MDMRSshLuPFV3LhQxK3gzrdxmkbQ6g8DH/85hzPndxNGhTSMT62ysLi0vFJdra2tb2xu6ds7PRGnHJMujlnMBy4ShNGIdCWVjAwSTlDoMtJ3x5fTev+OcEHj6FZOEmKHaBRRn2IkleXoR5bPEc68hsWDGF7A4DDPPJnDc1gYV44Jj7+x5eh1o2kUgn/BLKEOSnUc/cPyYpyGJJKYISGGppFIO0NcUsxIXrNSQRKEx2hEhgojFBJhZ8VVOTxQjgf9mKsXSVi4PycyFAoxCV3VGSIZiPna1PyvNkylf2ZnNEpSSSI8W+SnDMoYTiOCHuUESzZRgDCn6q8QB0jFJFWQNRWCOX/yX+i1mqbRNG9O6u12GUcV7IF90AAmOAVtcA06oAswuAeP4Bm8aA/ak/aqvc1aK1o5swt+SXv/ApdpnIU=</latexit>

If     and     are constants,⇢
<latexit sha1_base64="m60p2uj2EI1WfytL02Uuj5fpvHE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYGuhDWWz3TRL9yPsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8KOXMWN//9ipr6xubW9Xt2s7u3v5B/fCoa1SmCe0QxZXuRdhQziTtWGY57aWaYhFx+hhNbgv/8Ylqw5R8sNOUhgKPJYsZwbaQBjpRw3rDb/pzoFUSlKQBJdrD+tdgpEgmqLSEY2P6gZ/aMMfaMsLprDbIDE0xmeAx7TsqsaAmzOe3ztCZU0YoVtqVtGiu/p7IsTBmKiLXKbBNzLJXiP95/czG12HOZJpZKsliUZxxZBUqHkcjpimxfOoIJpq5WxFJsMbEunhqLoRg+eVV0r1oBn4zuL9stG7KOKpwAqdwDgFcQQvuoA0dIJDAM7zCmye8F+/d+1i0Vrxy5hj+wPv8AR1Ejj8=</latexit><latexit sha1_base64="m60p2uj2EI1WfytL02Uuj5fpvHE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYGuhDWWz3TRL9yPsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8KOXMWN//9ipr6xubW9Xt2s7u3v5B/fCoa1SmCe0QxZXuRdhQziTtWGY57aWaYhFx+hhNbgv/8Ylqw5R8sNOUhgKPJYsZwbaQBjpRw3rDb/pzoFUSlKQBJdrD+tdgpEgmqLSEY2P6gZ/aMMfaMsLprDbIDE0xmeAx7TsqsaAmzOe3ztCZU0YoVtqVtGiu/p7IsTBmKiLXKbBNzLJXiP95/czG12HOZJpZKsliUZxxZBUqHkcjpimxfOoIJpq5WxFJsMbEunhqLoRg+eVV0r1oBn4zuL9stG7KOKpwAqdwDgFcQQvuoA0dIJDAM7zCmye8F+/d+1i0Vrxy5hj+wPv8AR1Ejj8=</latexit><latexit sha1_base64="m60p2uj2EI1WfytL02Uuj5fpvHE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYGuhDWWz3TRL9yPsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8KOXMWN//9ipr6xubW9Xt2s7u3v5B/fCoa1SmCe0QxZXuRdhQziTtWGY57aWaYhFx+hhNbgv/8Ylqw5R8sNOUhgKPJYsZwbaQBjpRw3rDb/pzoFUSlKQBJdrD+tdgpEgmqLSEY2P6gZ/aMMfaMsLprDbIDE0xmeAx7TsqsaAmzOe3ztCZU0YoVtqVtGiu/p7IsTBmKiLXKbBNzLJXiP95/czG12HOZJpZKsliUZxxZBUqHkcjpimxfOoIJpq5WxFJsMbEunhqLoRg+eVV0r1oBn4zuL9stG7KOKpwAqdwDgFcQQvuoA0dIJDAM7zCmye8F+/d+1i0Vrxy5hj+wPv8AR1Ejj8=</latexit><latexit sha1_base64="m60p2uj2EI1WfytL02Uuj5fpvHE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHisYGuhDWWz3TRL9yPsboQS+he8eFDEq3/Im//GTZuDtj4YeLw3w8y8KOXMWN//9ipr6xubW9Xt2s7u3v5B/fCoa1SmCe0QxZXuRdhQziTtWGY57aWaYhFx+hhNbgv/8Ylqw5R8sNOUhgKPJYsZwbaQBjpRw3rDb/pzoFUSlKQBJdrD+tdgpEgmqLSEY2P6gZ/aMMfaMsLprDbIDE0xmeAx7TsqsaAmzOe3ztCZU0YoVtqVtGiu/p7IsTBmKiLXKbBNzLJXiP95/czG12HOZJpZKsliUZxxZBUqHkcjpimxfOoIJpq5WxFJsMbEunhqLoRg+eVV0r1oBn4zuL9stG7KOKpwAqdwDgFcQQvuoA0dIJDAM7zCmye8F+/d+1i0Vrxy5hj+wPv8AR1Ejj8=</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>

⇢A
dh

dt
= ⇢F1 � ⇢F2

<latexit sha1_base64="ZNgeTHHZ9vIeFGDNHJw/MRf1lWc=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLAkRVAEoSKIywr2Ak0Ik8mkGTq5MDMRSsg7uPFV3LhQxK0bd76N0zSCtv4w8PGfczhzfjdhVEjD+NIqC4tLyyvV1dra+sbmlr690xVxyjHp4JjFvO8iQRiNSEdSyUg/4QSFLiM9d3Q1qffuCRc0ju7kOCF2iIYR9SlGUlmOfmTxIIaX0PI5wpkX5Jknc3gBC/vaMeHxDzYdvW40jEJwHswS6qBU29E/LS/GaUgiiRkSYmAaibQzxCXFjOQ1KxUkQXiEhmSgMEIhEXZW3JTDA+V40I+5epGEhft7IkOhEOPQVZ0hkoGYrU3M/2qDVPpndkajJJUkwtNFfsqgjOEkIOhRTrBkYwUIc6r+CnGAVDpSxVhTIZizJ89Dt9kwjYZ5e1JvnZdxVMEe2AeHwASnoAVuQBt0AAYP4Am8gFftUXvW3rT3aWtFK2d2wR9pH9+5Fpwa</latexit><latexit sha1_base64="ZNgeTHHZ9vIeFGDNHJw/MRf1lWc=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLAkRVAEoSKIywr2Ak0Ik8mkGTq5MDMRSsg7uPFV3LhQxK0bd76N0zSCtv4w8PGfczhzfjdhVEjD+NIqC4tLyyvV1dra+sbmlr690xVxyjHp4JjFvO8iQRiNSEdSyUg/4QSFLiM9d3Q1qffuCRc0ju7kOCF2iIYR9SlGUlmOfmTxIIaX0PI5wpkX5Jknc3gBC/vaMeHxDzYdvW40jEJwHswS6qBU29E/LS/GaUgiiRkSYmAaibQzxCXFjOQ1KxUkQXiEhmSgMEIhEXZW3JTDA+V40I+5epGEhft7IkOhEOPQVZ0hkoGYrU3M/2qDVPpndkajJJUkwtNFfsqgjOEkIOhRTrBkYwUIc6r+CnGAVDpSxVhTIZizJ89Dt9kwjYZ5e1JvnZdxVMEe2AeHwASnoAVuQBt0AAYP4Am8gFftUXvW3rT3aWtFK2d2wR9pH9+5Fpwa</latexit><latexit sha1_base64="ZNgeTHHZ9vIeFGDNHJw/MRf1lWc=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLAkRVAEoSKIywr2Ak0Ik8mkGTq5MDMRSsg7uPFV3LhQxK0bd76N0zSCtv4w8PGfczhzfjdhVEjD+NIqC4tLyyvV1dra+sbmlr690xVxyjHp4JjFvO8iQRiNSEdSyUg/4QSFLiM9d3Q1qffuCRc0ju7kOCF2iIYR9SlGUlmOfmTxIIaX0PI5wpkX5Jknc3gBC/vaMeHxDzYdvW40jEJwHswS6qBU29E/LS/GaUgiiRkSYmAaibQzxCXFjOQ1KxUkQXiEhmSgMEIhEXZW3JTDA+V40I+5epGEhft7IkOhEOPQVZ0hkoGYrU3M/2qDVPpndkajJJUkwtNFfsqgjOEkIOhRTrBkYwUIc6r+CnGAVDpSxVhTIZizJ89Dt9kwjYZ5e1JvnZdxVMEe2AeHwASnoAVuQBt0AAYP4Am8gFftUXvW3rT3aWtFK2d2wR9pH9+5Fpwa</latexit><latexit sha1_base64="ZNgeTHHZ9vIeFGDNHJw/MRf1lWc=">AAACE3icbZDLSsNAFIYn9VbrLerSzWARRLAkRVAEoSKIywr2Ak0Ik8mkGTq5MDMRSsg7uPFV3LhQxK0bd76N0zSCtv4w8PGfczhzfjdhVEjD+NIqC4tLyyvV1dra+sbmlr690xVxyjHp4JjFvO8iQRiNSEdSyUg/4QSFLiM9d3Q1qffuCRc0ju7kOCF2iIYR9SlGUlmOfmTxIIaX0PI5wpkX5Jknc3gBC/vaMeHxDzYdvW40jEJwHswS6qBU29E/LS/GaUgiiRkSYmAaibQzxCXFjOQ1KxUkQXiEhmSgMEIhEXZW3JTDA+V40I+5epGEhft7IkOhEOPQVZ0hkoGYrU3M/2qDVPpndkajJJUkwtNFfsqgjOEkIOhRTrBkYwUIc6r+CnGAVDpSxVhTIZizJ89Dt9kwjYZ5e1JvnZdxVMEe2AeHwASnoAVuQBt0AAYP4Am8gFftUXvW3rT3aWtFK2d2wR9pH9+5Fpwa</latexit>

state variable:

input variables:

output variable:

parameter:

h
<latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit>

F1, F2
<latexit sha1_base64="nLmubXozvMrNbJ29uzcZdPYxeIY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBMVTQSgeK9gPaJclm2bb0GyyJlmhLPVHePGgiFf/jjf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OLqZ+u1HqjST4t6ME+rHeCBYxAg2VurUA+/8qR5Ug1LZrbgzoGXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLppNhLNU0wGeEB7VoqcEy1n83unaBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10ZWfMZGkhgoyXxSlHBmJps+jPlOUGD62BBPF7K2IDLHCxNiIijYEb/HlZdKqVjy34t1dlGvXeRwFOIYTOAMPLqEGt9CAJhDg8Ayv8OY8OC/Ou/Mxb11x8pkj+APn8wfEnY8Z</latexit><latexit sha1_base64="nLmubXozvMrNbJ29uzcZdPYxeIY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBMVTQSgeK9gPaJclm2bb0GyyJlmhLPVHePGgiFf/jjf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OLqZ+u1HqjST4t6ME+rHeCBYxAg2VurUA+/8qR5Ug1LZrbgzoGXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLppNhLNU0wGeEB7VoqcEy1n83unaBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10ZWfMZGkhgoyXxSlHBmJps+jPlOUGD62BBPF7K2IDLHCxNiIijYEb/HlZdKqVjy34t1dlGvXeRwFOIYTOAMPLqEGt9CAJhDg8Ayv8OY8OC/Ou/Mxb11x8pkj+APn8wfEnY8Z</latexit><latexit sha1_base64="nLmubXozvMrNbJ29uzcZdPYxeIY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBMVTQSgeK9gPaJclm2bb0GyyJlmhLPVHePGgiFf/jjf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OLqZ+u1HqjST4t6ME+rHeCBYxAg2VurUA+/8qR5Ug1LZrbgzoGXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLppNhLNU0wGeEB7VoqcEy1n83unaBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10ZWfMZGkhgoyXxSlHBmJps+jPlOUGD62BBPF7K2IDLHCxNiIijYEb/HlZdKqVjy34t1dlGvXeRwFOIYTOAMPLqEGt9CAJhDg8Ayv8OY8OC/Ou/Mxb11x8pkj+APn8wfEnY8Z</latexit><latexit sha1_base64="nLmubXozvMrNbJ29uzcZdPYxeIY=">AAAB73icbVBNSwMxEJ31s9avqkcvwSJ4kLJbBMVTQSgeK9gPaJclm2bb0GyyJlmhLPVHePGgiFf/jjf/jWm7B219MPB4b4aZeWHCmTau++2srK6tb2wWtorbO7t7+6WDw5aWqSK0SSSXqhNiTTkTtGmY4bSTKIrjkNN2OLqZ+u1HqjST4t6ME+rHeCBYxAg2VurUA+/8qR5Ug1LZrbgzoGXi5aQMORpB6avXlySNqTCEY627npsYP8PKMMLppNhLNU0wGeEB7VoqcEy1n83unaBTq/RRJJUtYdBM/T2R4VjrcRzazhiboV70puJ/Xjc10ZWfMZGkhgoyXxSlHBmJps+jPlOUGD62BBPF7K2IDLHCxNiIijYEb/HlZdKqVjy34t1dlGvXeRwFOIYTOAMPLqEGt9CAJhDg8Ayv8OY8OC/Ou/Mxb11x8pkj+APn8wfEnY8Z</latexit>

h
<latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit><latexit sha1_base64="7a6n6U5mrq77HQlBjOYOrydDepM=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqHgqePHYgv2ANpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsbm1vVPcLe3tHxwelY9P2jpOFcMWi0WsugHVKLjEluFGYDdRSKNAYCeY3M39zhMqzWP5YKYJ+hEdSR5yRo2VmuNBueJW3QXIOvFyUoEcjUH5qz+MWRqhNExQrXuemxg/o8pwJnBW6qcaE8omdIQ9SyWNUPvZ4tAZubDKkISxsiUNWai/JzIaaT2NAtsZUTPWq95c/M/rpSa88TMuk9SgZMtFYSqIicn8azLkCpkRU0soU9zeStiYKsqMzaZkQ/BWX14n7auq51a95nWlfpvHUYQzOIdL8KAGdbiHBrSAAcIzvMKb8+i8OO/Ox7K14OQzp/AHzucPy5GM5A==</latexit>

A
<latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit><latexit sha1_base64="PZKFqqFDf4WJeZNHdPUKZZZhipk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDxVvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjdt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrYuq51a9xmWldpPHUYQTOIVz8OAKanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fkHWMvQ==</latexit>
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2. Isothermal Chemical Reactor

Ethylene oxide (A) is reacted with water (B) in a CSTR to form ethylene glycol (P): A + B 

! P. Assume the temperature is maintained at a constant value and that the water is in 

large excess. Also assume that  

Develop a model to find the concentration for each species as a function of time. 

CA, CB , CP
<latexit sha1_base64="S/4N7pdji+EHm1MXnsDLefS2UAo=">AAAB9HicdVBLSwMxGMz6rPVV9eglWAQPsmS1i11P1V48VrAPaJeSTbNtaDa7JtlCKf0dXjwo4tUf481/Y7atoKIDCcPMfOTLBAlnSiP0YS0tr6yurec28ptb2zu7hb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDYTXzmyMqFYvFnR4n1I9wX7CQEayN5Fe7V6ew2r3Orlq3UEQ2cj3XQRDZLnK884x4XrnkutCx0QxFsIDJv3d6MUkjKjThWKm2gxLtT7DUjHA6zXdSRRNMhrhP24YKHFHlT2ZLT+GxUXowjKU5QsOZ+n1igiOlxlFgkhHWA/Xby8S/vHaqw7I/YSJJNRVk/lCYcqhjmDUAe0xSovnYEEwkM7tCMsASE216ypsSvn4K/yeNM9tBtnNbKlYuF3XkwCE4AifAARegAm5ADdQBAffgATyBZ2tkPVov1us8umQtZg7AD1hvn3Q8kJM=</latexit><latexit sha1_base64="S/4N7pdji+EHm1MXnsDLefS2UAo=">AAAB9HicdVBLSwMxGMz6rPVV9eglWAQPsmS1i11P1V48VrAPaJeSTbNtaDa7JtlCKf0dXjwo4tUf481/Y7atoKIDCcPMfOTLBAlnSiP0YS0tr6yurec28ptb2zu7hb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDYTXzmyMqFYvFnR4n1I9wX7CQEayN5Fe7V6ew2r3Orlq3UEQ2cj3XQRDZLnK884x4XrnkutCx0QxFsIDJv3d6MUkjKjThWKm2gxLtT7DUjHA6zXdSRRNMhrhP24YKHFHlT2ZLT+GxUXowjKU5QsOZ+n1igiOlxlFgkhHWA/Xby8S/vHaqw7I/YSJJNRVk/lCYcqhjmDUAe0xSovnYEEwkM7tCMsASE216ypsSvn4K/yeNM9tBtnNbKlYuF3XkwCE4AifAARegAm5ADdQBAffgATyBZ2tkPVov1us8umQtZg7AD1hvn3Q8kJM=</latexit><latexit sha1_base64="S/4N7pdji+EHm1MXnsDLefS2UAo=">AAAB9HicdVBLSwMxGMz6rPVV9eglWAQPsmS1i11P1V48VrAPaJeSTbNtaDa7JtlCKf0dXjwo4tUf481/Y7atoKIDCcPMfOTLBAlnSiP0YS0tr6yurec28ptb2zu7hb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDYTXzmyMqFYvFnR4n1I9wX7CQEayN5Fe7V6ew2r3Orlq3UEQ2cj3XQRDZLnK884x4XrnkutCx0QxFsIDJv3d6MUkjKjThWKm2gxLtT7DUjHA6zXdSRRNMhrhP24YKHFHlT2ZLT+GxUXowjKU5QsOZ+n1igiOlxlFgkhHWA/Xby8S/vHaqw7I/YSJJNRVk/lCYcqhjmDUAe0xSovnYEEwkM7tCMsASE216ypsSvn4K/yeNM9tBtnNbKlYuF3XkwCE4AifAARegAm5ADdQBAffgATyBZ2tkPVov1us8umQtZg7AD1hvn3Q8kJM=</latexit><latexit sha1_base64="S/4N7pdji+EHm1MXnsDLefS2UAo=">AAAB9HicdVBLSwMxGMz6rPVV9eglWAQPsmS1i11P1V48VrAPaJeSTbNtaDa7JtlCKf0dXjwo4tUf481/Y7atoKIDCcPMfOTLBAlnSiP0YS0tr6yurec28ptb2zu7hb39hopTSWidxDyWrQArypmgdc00p61EUhwFnDaDYTXzmyMqFYvFnR4n1I9wX7CQEayN5Fe7V6ew2r3Orlq3UEQ2cj3XQRDZLnK884x4XrnkutCx0QxFsIDJv3d6MUkjKjThWKm2gxLtT7DUjHA6zXdSRRNMhrhP24YKHFHlT2ZLT+GxUXowjKU5QsOZ+n1igiOlxlFgkhHWA/Xby8S/vHaqw7I/YSJJNRVk/lCYcqhjmDUAe0xSovnYEEwkM7tCMsASE216ypsSvn4K/yeNM9tBtnNbKlYuF3XkwCE4AifAARegAm5ADdQBAffgATyBZ2tkPVov1us8umQtZg7AD1hvn3Q8kJM=</latexit>

Fi
<latexit sha1_base64="wp+zGyoHKASoJL8AlBknyAWLsl4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVrCa3gCAeI5oYSJYwO5lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3+YngSmP8YRWWlldW14rrpY3Nre2d8u5eW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3544vcv7tnUvE4utWThHkhGUY84JRoI91c9nm/XME2duuugxG2XezUT3NSr9eqroscG89QgQWa/fJ7bxDTNGSRpoIo1XVwor2MSM2pYNNSL1UsIXRMhqxraERCprxsduoUHRllgIJYmoo0mqnfJzISKjUJfdMZEj1Sv71c/MvrpjqoeRmPklSziM4XBalAOkb532jAJaNaTAwhVHJzK6IjIgnVJp2SCeHrU/Q/aZ/YDrad62qlcbaIowgHcAjH4MA5NOAKmtACCkN4gCd4toT1aL1Yr/PWgrWY2YcfsN4+AYEVjeg=</latexit><latexit sha1_base64="wp+zGyoHKASoJL8AlBknyAWLsl4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVrCa3gCAeI5oYSJYwO5lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3+YngSmP8YRWWlldW14rrpY3Nre2d8u5eW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3544vcv7tnUvE4utWThHkhGUY84JRoI91c9nm/XME2duuugxG2XezUT3NSr9eqroscG89QgQWa/fJ7bxDTNGSRpoIo1XVwor2MSM2pYNNSL1UsIXRMhqxraERCprxsduoUHRllgIJYmoo0mqnfJzISKjUJfdMZEj1Sv71c/MvrpjqoeRmPklSziM4XBalAOkb532jAJaNaTAwhVHJzK6IjIgnVJp2SCeHrU/Q/aZ/YDrad62qlcbaIowgHcAjH4MA5NOAKmtACCkN4gCd4toT1aL1Yr/PWgrWY2YcfsN4+AYEVjeg=</latexit><latexit sha1_base64="wp+zGyoHKASoJL8AlBknyAWLsl4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVrCa3gCAeI5oYSJYwO5lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3+YngSmP8YRWWlldW14rrpY3Nre2d8u5eW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3544vcv7tnUvE4utWThHkhGUY84JRoI91c9nm/XME2duuugxG2XezUT3NSr9eqroscG89QgQWa/fJ7bxDTNGSRpoIo1XVwor2MSM2pYNNSL1UsIXRMhqxraERCprxsduoUHRllgIJYmoo0mqnfJzISKjUJfdMZEj1Sv71c/MvrpjqoeRmPklSziM4XBalAOkb532jAJaNaTAwhVHJzK6IjIgnVJp2SCeHrU/Q/aZ/YDrad62qlcbaIowgHcAjH4MA5NOAKmtACCkN4gCd4toT1aL1Yr/PWgrWY2YcfsN4+AYEVjeg=</latexit><latexit sha1_base64="wp+zGyoHKASoJL8AlBknyAWLsl4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVrCa3gCAeI5oYSJYwO5lNhsw+mJkVwpJP8OJBEa9+kTf/xtkkgooWNBRV3XR3+YngSmP8YRWWlldW14rrpY3Nre2d8u5eW8WppKxFYxHLjk8UEzxiLc21YJ1EMhL6gt3544vcv7tnUvE4utWThHkhGUY84JRoI91c9nm/XME2duuugxG2XezUT3NSr9eqroscG89QgQWa/fJ7bxDTNGSRpoIo1XVwor2MSM2pYNNSL1UsIXRMhqxraERCprxsduoUHRllgIJYmoo0mqnfJzISKjUJfdMZEj1Sv71c/MvrpjqoeRmPklSziM4XBalAOkb532jAJaNaTAwhVHJzK6IjIgnVJp2SCeHrU/Q/aZ/YDrad62qlcbaIowgHcAjH4MA5NOAKmtACCkN4gCd4toT1aL1Yr/PWgrWY2YcfsN4+AYEVjeg=</latexit>

CAi
<latexit sha1_base64="g/Vw2eXHawyrx5ml9w3JNC2I/7g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSbaaLOrdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbSVSSWiLCC5kN8CKchbTlmaa024iKY4CTjvBpJH7nXsqFRPxrZ4m1I/wKGYhI1gbqd0YZFdsNihXkI1cz3UQRLaLHO88J55Xq7oudGw0RwUs0RyU3/tDQdKIxppwrFTPQYn2Myw1I5zOSv1U0QSTCR7RnqExjqjys/m1M3hilCEMhTQVazhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzFieppjFZLApTDrWA+etwyCQlmk8NwUQycyskYywx0Sagkgnh61P4P2mf2Q6ynZtqpX6xjKMIjsAxOAUOuAR1cA2aoAUIuAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AcoFjzw=</latexit><latexit sha1_base64="g/Vw2eXHawyrx5ml9w3JNC2I/7g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSbaaLOrdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbSVSSWiLCC5kN8CKchbTlmaa024iKY4CTjvBpJH7nXsqFRPxrZ4m1I/wKGYhI1gbqd0YZFdsNihXkI1cz3UQRLaLHO88J55Xq7oudGw0RwUs0RyU3/tDQdKIxppwrFTPQYn2Myw1I5zOSv1U0QSTCR7RnqExjqjys/m1M3hilCEMhTQVazhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzFieppjFZLApTDrWA+etwyCQlmk8NwUQycyskYywx0Sagkgnh61P4P2mf2Q6ynZtqpX6xjKMIjsAxOAUOuAR1cA2aoAUIuAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AcoFjzw=</latexit><latexit sha1_base64="g/Vw2eXHawyrx5ml9w3JNC2I/7g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSbaaLOrdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbSVSSWiLCC5kN8CKchbTlmaa024iKY4CTjvBpJH7nXsqFRPxrZ4m1I/wKGYhI1gbqd0YZFdsNihXkI1cz3UQRLaLHO88J55Xq7oudGw0RwUs0RyU3/tDQdKIxppwrFTPQYn2Myw1I5zOSv1U0QSTCR7RnqExjqjys/m1M3hilCEMhTQVazhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzFieppjFZLApTDrWA+etwyCQlmk8NwUQycyskYywx0Sagkgnh61P4P2mf2Q6ynZtqpX6xjKMIjsAxOAUOuAR1cA2aoAUIuAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AcoFjzw=</latexit><latexit sha1_base64="g/Vw2eXHawyrx5ml9w3JNC2I/7g=">AAAB7XicdVDLSsNAFJ3UV62vqks3g0VwFSbaaLOrdOOygn1AG8pkOmnHTjJhZiKU0H9w40IRt/6PO//GSVtBRQ9cOJxzL/feEyScKY3Qh1VYWV1b3yhulra2d3b3yvsHbSVSSWiLCC5kN8CKchbTlmaa024iKY4CTjvBpJH7nXsqFRPxrZ4m1I/wKGYhI1gbqd0YZFdsNihXkI1cz3UQRLaLHO88J55Xq7oudGw0RwUs0RyU3/tDQdKIxppwrFTPQYn2Myw1I5zOSv1U0QSTCR7RnqExjqjys/m1M3hilCEMhTQVazhXv09kOFJqGgWmM8J6rH57ufiX10t1WPMzFieppjFZLApTDrWA+etwyCQlmk8NwUQycyskYywx0Sagkgnh61P4P2mf2Q6ynZtqpX6xjKMIjsAxOAUOuAR1cA2aoAUIuAMP4Ak8W8J6tF6s10VrwVrOHIIfsN4+AcoFjzw=</latexit> V

<latexit sha1_base64="Ugr6bFyX+zrF32/qomKBO0ONHig=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbOa1ewt4MVjAuYByRJmJ73JmNkHM7NCCPkCLx4U8eonefNvnE0iqGhBQ1HVTXdXkAquNCEf1srq2vrGZmGruL2zu7dfOjhsqSSTDJosEYnsBFSB4DE0NdcCOqkEGgUC2sH4Ovfb9yAVT+JbPUnBj+gw5iFnVBup0eqXysQmruc6BBPbJY53kRPPq1ZcFzs2maOMlqj3S++9QcKyCGLNBFWq65BU+1MqNWcCZsVepiClbEyH0DU0phEofzo/dIZPjTLAYSJNxRrP1e8TUxopNYkC0xlRPVK/vVz8y+tmOqz6Ux6nmYaYLRaFmcA6wfnXeMAlMC0mhlAmubkVsxGVlGmTTdGE8PUp/p+0zm2H2E6jUq5dLuMooGN0gs6Qg65QDd2gOmoihgA9oCf0bN1Zj9aL9bpoXbGWM0foB6y3Tx9xjRw=</latexit><latexit sha1_base64="Ugr6bFyX+zrF32/qomKBO0ONHig=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbOa1ewt4MVjAuYByRJmJ73JmNkHM7NCCPkCLx4U8eonefNvnE0iqGhBQ1HVTXdXkAquNCEf1srq2vrGZmGruL2zu7dfOjhsqSSTDJosEYnsBFSB4DE0NdcCOqkEGgUC2sH4Ovfb9yAVT+JbPUnBj+gw5iFnVBup0eqXysQmruc6BBPbJY53kRPPq1ZcFzs2maOMlqj3S++9QcKyCGLNBFWq65BU+1MqNWcCZsVepiClbEyH0DU0phEofzo/dIZPjTLAYSJNxRrP1e8TUxopNYkC0xlRPVK/vVz8y+tmOqz6Ux6nmYaYLRaFmcA6wfnXeMAlMC0mhlAmubkVsxGVlGmTTdGE8PUp/p+0zm2H2E6jUq5dLuMooGN0gs6Qg65QDd2gOmoihgA9oCf0bN1Zj9aL9bpoXbGWM0foB6y3Tx9xjRw=</latexit><latexit sha1_base64="Ugr6bFyX+zrF32/qomKBO0ONHig=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbOa1ewt4MVjAuYByRJmJ73JmNkHM7NCCPkCLx4U8eonefNvnE0iqGhBQ1HVTXdXkAquNCEf1srq2vrGZmGruL2zu7dfOjhsqSSTDJosEYnsBFSB4DE0NdcCOqkEGgUC2sH4Ovfb9yAVT+JbPUnBj+gw5iFnVBup0eqXysQmruc6BBPbJY53kRPPq1ZcFzs2maOMlqj3S++9QcKyCGLNBFWq65BU+1MqNWcCZsVepiClbEyH0DU0phEofzo/dIZPjTLAYSJNxRrP1e8TUxopNYkC0xlRPVK/vVz8y+tmOqz6Ux6nmYaYLRaFmcA6wfnXeMAlMC0mhlAmubkVsxGVlGmTTdGE8PUp/p+0zm2H2E6jUq5dLuMooGN0gs6Qg65QDd2gOmoihgA9oCf0bN1Zj9aL9bpoXbGWM0foB6y3Tx9xjRw=</latexit><latexit sha1_base64="Ugr6bFyX+zrF32/qomKBO0ONHig=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8LbOa1ewt4MVjAuYByRJmJ73JmNkHM7NCCPkCLx4U8eonefNvnE0iqGhBQ1HVTXdXkAquNCEf1srq2vrGZmGruL2zu7dfOjhsqSSTDJosEYnsBFSB4DE0NdcCOqkEGgUC2sH4Ovfb9yAVT+JbPUnBj+gw5iFnVBup0eqXysQmruc6BBPbJY53kRPPq1ZcFzs2maOMlqj3S++9QcKyCGLNBFWq65BU+1MqNWcCZsVepiClbEyH0DU0phEofzo/dIZPjTLAYSJNxRrP1e8TUxopNYkC0xlRPVK/vVz8y+tmOqz6Ux6nmYaYLRaFmcA6wfnXeMAlMC0mhlAmubkVsxGVlGmTTdGE8PUp/p+0zm2H2E6jUq5dLuMooGN0gs6Qg65QDd2gOmoihgA9oCf0bN1Zj9aL9bpoXbGWM0foB6y3Tx9xjRw=</latexit>

F,CA, CB , CP
<latexit sha1_base64="qT9tEYUJYuQXXhA5rHlMpIqP08M=">AAAB+XicdVDLSgMxFM34rPU16tJNsAguZMhoRzu7akFcVrAPaIeSSTNtaOZBkimUoX/ixoUibv0Td/6NmbaCih7I5XDOvdyb4yecSYXQh7G0vLK6tl7YKG5ube/smnv7TRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryR7Xcb42pkCyO7tUkoV6IBxELGMFKSz3TvDmFtd5VXq7zUu+ZJWQhx3VsBJHlINs9z4nrVsqOA20LzVACC+j+924/JmlII0U4lrJjo0R5GRaKEU6nxW4qaYLJCA9oR9MIh1R62ezyKTzWSh8GsdAvUnCmfp/IcCjlJPR1Z4jVUP72cvEvr5OqoOJlLEpSRSMyXxSkHKoY5jHAPhOUKD7RBBPB9K2QDLHAROmwijqEr5/C/0nzzLKRZd+VS9WLRRwFcAiOwAmwwSWogltQBw1AwBg8gCfwbGTGo/FivM5bl4zFzAH4AePtEz9ekXA=</latexit><latexit sha1_base64="qT9tEYUJYuQXXhA5rHlMpIqP08M=">AAAB+XicdVDLSgMxFM34rPU16tJNsAguZMhoRzu7akFcVrAPaIeSSTNtaOZBkimUoX/ixoUibv0Td/6NmbaCih7I5XDOvdyb4yecSYXQh7G0vLK6tl7YKG5ube/smnv7TRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryR7Xcb42pkCyO7tUkoV6IBxELGMFKSz3TvDmFtd5VXq7zUu+ZJWQhx3VsBJHlINs9z4nrVsqOA20LzVACC+j+924/JmlII0U4lrJjo0R5GRaKEU6nxW4qaYLJCA9oR9MIh1R62ezyKTzWSh8GsdAvUnCmfp/IcCjlJPR1Z4jVUP72cvEvr5OqoOJlLEpSRSMyXxSkHKoY5jHAPhOUKD7RBBPB9K2QDLHAROmwijqEr5/C/0nzzLKRZd+VS9WLRRwFcAiOwAmwwSWogltQBw1AwBg8gCfwbGTGo/FivM5bl4zFzAH4AePtEz9ekXA=</latexit><latexit sha1_base64="qT9tEYUJYuQXXhA5rHlMpIqP08M=">AAAB+XicdVDLSgMxFM34rPU16tJNsAguZMhoRzu7akFcVrAPaIeSSTNtaOZBkimUoX/ixoUibv0Td/6NmbaCih7I5XDOvdyb4yecSYXQh7G0vLK6tl7YKG5ube/smnv7TRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryR7Xcb42pkCyO7tUkoV6IBxELGMFKSz3TvDmFtd5VXq7zUu+ZJWQhx3VsBJHlINs9z4nrVsqOA20LzVACC+j+924/JmlII0U4lrJjo0R5GRaKEU6nxW4qaYLJCA9oR9MIh1R62ezyKTzWSh8GsdAvUnCmfp/IcCjlJPR1Z4jVUP72cvEvr5OqoOJlLEpSRSMyXxSkHKoY5jHAPhOUKD7RBBPB9K2QDLHAROmwijqEr5/C/0nzzLKRZd+VS9WLRRwFcAiOwAmwwSWogltQBw1AwBg8gCfwbGTGo/FivM5bl4zFzAH4AePtEz9ekXA=</latexit><latexit sha1_base64="qT9tEYUJYuQXXhA5rHlMpIqP08M=">AAAB+XicdVDLSgMxFM34rPU16tJNsAguZMhoRzu7akFcVrAPaIeSSTNtaOZBkimUoX/ixoUibv0Td/6NmbaCih7I5XDOvdyb4yecSYXQh7G0vLK6tl7YKG5ube/smnv7TRmngtAGiXks2j6WlLOINhRTnLYTQXHoc9ryR7Xcb42pkCyO7tUkoV6IBxELGMFKSz3TvDmFtd5VXq7zUu+ZJWQhx3VsBJHlINs9z4nrVsqOA20LzVACC+j+924/JmlII0U4lrJjo0R5GRaKEU6nxW4qaYLJCA9oR9MIh1R62ezyKTzWSh8GsdAvUnCmfp/IcCjlJPR1Z4jVUP72cvEvr5OqoOJlLEpSRSMyXxSkHKoY5jHAPhOUKD7RBBPB9K2QDLHAROmwijqEr5/C/0nzzLKRZd+VS9WLRRwFcAiOwAmwwSWogltQBw1AwBg8gCfwbGTGo/FivM5bl4zFzAH4AePtEz9ekXA=</latexit>

⇢i = ⇢
<latexit sha1_base64="PVEfnbaTGtH/DJVshxTfjPlrbTs=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapgpgiIIBTcuK9hWaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzEwr+DxwuYdz7iU3J0w408bz3p3S0vLK6lp5vbKxubW9U93da2uZKkJbRHKpbkOsKWeCtgwznN4miuI45LQTji9zvzOhSjMpbsw0oUGMh4JFjGBjpaCnRrLP0AUqSLXmuXUvB/pNfLfoXg0WaParb72BJGlMhSEca931vcQEGVaGEU5nlV6qaYLJGA9p11KBY6qDrDh6ho6sMkCRVLaEQYX6dSPDsdbTOLSTMTYj/dPLxb+8bmqisyBjIkkNFWT+UJRyZCTKE0ADpigxfGoJJorZWxEZYYWJsTlVbAifP0X/k3bd9T3Xvz6pNc4XcZThAA7hGHw4hQZcQRNaQOAO7uERnpyJ8+A8Oy/z0ZKz2NmHb3BePwD27JGJ</latexit><latexit sha1_base64="PVEfnbaTGtH/DJVshxTfjPlrbTs=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapgpgiIIBTcuK9hWaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzEwr+DxwuYdz7iU3J0w408bz3p3S0vLK6lp5vbKxubW9U93da2uZKkJbRHKpbkOsKWeCtgwznN4miuI45LQTji9zvzOhSjMpbsw0oUGMh4JFjGBjpaCnRrLP0AUqSLXmuXUvB/pNfLfoXg0WaParb72BJGlMhSEca931vcQEGVaGEU5nlV6qaYLJGA9p11KBY6qDrDh6ho6sMkCRVLaEQYX6dSPDsdbTOLSTMTYj/dPLxb+8bmqisyBjIkkNFWT+UJRyZCTKE0ADpigxfGoJJorZWxEZYYWJsTlVbAifP0X/k3bd9T3Xvz6pNc4XcZThAA7hGHw4hQZcQRNaQOAO7uERnpyJ8+A8Oy/z0ZKz2NmHb3BePwD27JGJ</latexit><latexit sha1_base64="PVEfnbaTGtH/DJVshxTfjPlrbTs=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapgpgiIIBTcuK9hWaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzEwr+DxwuYdz7iU3J0w408bz3p3S0vLK6lp5vbKxubW9U93da2uZKkJbRHKpbkOsKWeCtgwznN4miuI45LQTji9zvzOhSjMpbsw0oUGMh4JFjGBjpaCnRrLP0AUqSLXmuXUvB/pNfLfoXg0WaParb72BJGlMhSEca931vcQEGVaGEU5nlV6qaYLJGA9p11KBY6qDrDh6ho6sMkCRVLaEQYX6dSPDsdbTOLSTMTYj/dPLxb+8bmqisyBjIkkNFWT+UJRyZCTKE0ADpigxfGoJJorZWxEZYYWJsTlVbAifP0X/k3bd9T3Xvz6pNc4XcZThAA7hGHw4hQZcQRNaQOAO7uERnpyJ8+A8Oy/z0ZKz2NmHb3BePwD27JGJ</latexit><latexit sha1_base64="PVEfnbaTGtH/DJVshxTfjPlrbTs=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgapgpgiIIBTcuK9hWaIeSSTNtaCYZk0yhDP0ONy4UcevHuPNvzEwr+DxwuYdz7iU3J0w408bz3p3S0vLK6lp5vbKxubW9U93da2uZKkJbRHKpbkOsKWeCtgwznN4miuI45LQTji9zvzOhSjMpbsw0oUGMh4JFjGBjpaCnRrLP0AUqSLXmuXUvB/pNfLfoXg0WaParb72BJGlMhSEca931vcQEGVaGEU5nlV6qaYLJGA9p11KBY6qDrDh6ho6sMkCRVLaEQYX6dSPDsdbTOLSTMTYj/dPLxb+8bmqisyBjIkkNFWT+UJRyZCTKE0ADpigxfGoJJorZWxEZYYWJsTlVbAifP0X/k3bd9T3Xvz6pNc4XcZThAA7hGHw4hQZcQRNaQOAO7uERnpyJ8+A8Oy/z0ZKz2NmHb3BePwD27JGJ</latexit>

Total Mass Balance

d(⇢V )

dt
= ⇢iFi � ⇢F

<latexit sha1_base64="AWaN9a0LUGZ13X7KWVoyp3EE4qg=">AAACE3icdVDLSsNAFJ3UV62vqEs3g0WogiUpgiIIBUFcVrAPaEKZTCbt0EkmzEyEEvIPbvwVNy4UcevGnX/jJK3g88Blzj33Xu7c48WMSmVZ70Zpbn5hcam8XFlZXVvfMDe3OpInApM25oyLnockYTQibUUVI71YEBR6jHS98Xle794QISmPrtUkJm6IhhENKEZKSwPzwAkEwqlfc8SIw85+lvoqg2cwTwcUXug4LBJNzapVb1g54G9i14vXqoIZWgPzzfE5TkISKcyQlH3bipWbIqEoZiSrOIkkMcJjNCR9TSMUEummxU0Z3NOKDwMudEQKFurXiRSFUk5CT3eGSI3kz1ou/lXrJyo4cVMaxYkiEZ4uChIGFYe5QdCngmDFJpogLKj+K8QjpE1S2saKNuHzUvg/6TTqtlW3r46qzdOZHWWwA3ZBDdjgGDTBJWiBNsDgFtyDR/Bk3BkPxrPxMm0tGbOZbfANxusHPCOcbQ==</latexit><latexit sha1_base64="AWaN9a0LUGZ13X7KWVoyp3EE4qg=">AAACE3icdVDLSsNAFJ3UV62vqEs3g0WogiUpgiIIBUFcVrAPaEKZTCbt0EkmzEyEEvIPbvwVNy4UcevGnX/jJK3g88Blzj33Xu7c48WMSmVZ70Zpbn5hcam8XFlZXVvfMDe3OpInApM25oyLnockYTQibUUVI71YEBR6jHS98Xle794QISmPrtUkJm6IhhENKEZKSwPzwAkEwqlfc8SIw85+lvoqg2cwTwcUXug4LBJNzapVb1g54G9i14vXqoIZWgPzzfE5TkISKcyQlH3bipWbIqEoZiSrOIkkMcJjNCR9TSMUEummxU0Z3NOKDwMudEQKFurXiRSFUk5CT3eGSI3kz1ou/lXrJyo4cVMaxYkiEZ4uChIGFYe5QdCngmDFJpogLKj+K8QjpE1S2saKNuHzUvg/6TTqtlW3r46qzdOZHWWwA3ZBDdjgGDTBJWiBNsDgFtyDR/Bk3BkPxrPxMm0tGbOZbfANxusHPCOcbQ==</latexit><latexit sha1_base64="AWaN9a0LUGZ13X7KWVoyp3EE4qg=">AAACE3icdVDLSsNAFJ3UV62vqEs3g0WogiUpgiIIBUFcVrAPaEKZTCbt0EkmzEyEEvIPbvwVNy4UcevGnX/jJK3g88Blzj33Xu7c48WMSmVZ70Zpbn5hcam8XFlZXVvfMDe3OpInApM25oyLnockYTQibUUVI71YEBR6jHS98Xle794QISmPrtUkJm6IhhENKEZKSwPzwAkEwqlfc8SIw85+lvoqg2cwTwcUXug4LBJNzapVb1g54G9i14vXqoIZWgPzzfE5TkISKcyQlH3bipWbIqEoZiSrOIkkMcJjNCR9TSMUEummxU0Z3NOKDwMudEQKFurXiRSFUk5CT3eGSI3kz1ou/lXrJyo4cVMaxYkiEZ4uChIGFYe5QdCngmDFJpogLKj+K8QjpE1S2saKNuHzUvg/6TTqtlW3r46qzdOZHWWwA3ZBDdjgGDTBJWiBNsDgFtyDR/Bk3BkPxrPxMm0tGbOZbfANxusHPCOcbQ==</latexit><latexit sha1_base64="AWaN9a0LUGZ13X7KWVoyp3EE4qg=">AAACE3icdVDLSsNAFJ3UV62vqEs3g0WogiUpgiIIBUFcVrAPaEKZTCbt0EkmzEyEEvIPbvwVNy4UcevGnX/jJK3g88Blzj33Xu7c48WMSmVZ70Zpbn5hcam8XFlZXVvfMDe3OpInApM25oyLnockYTQibUUVI71YEBR6jHS98Xle794QISmPrtUkJm6IhhENKEZKSwPzwAkEwqlfc8SIw85+lvoqg2cwTwcUXug4LBJNzapVb1g54G9i14vXqoIZWgPzzfE5TkISKcyQlH3bipWbIqEoZiSrOIkkMcJjNCR9TSMUEummxU0Z3NOKDwMudEQKFurXiRSFUk5CT3eGSI3kz1ou/lXrJyo4cVMaxYkiEZ4uChIGFYe5QdCngmDFJpogLKj+K8QjpE1S2saKNuHzUvg/6TTqtlW3r46qzdOZHWWwA3ZBDdjgGDTBJWiBNsDgFtyDR/Bk3BkPxrPxMm0tGbOZbfANxusHPCOcbQ==</latexit>

dV

dt
= Fi � F

<latexit sha1_base64="UKm0/9/whzISzyWPHOB+sldoLHo=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR3DjMFEERhIIgLivYB7SlZDKZNjSTGZI7Qhlm46+4caGIWz/DnX9jpq3g80ByD+fcS3KPnwiuwXXfrbn5hcWl5dJKeXVtfWPT3tpu6jhVlDVoLGLV9olmgkvWAA6CtRPFSOQL1vJHF4XfumVK81jewDhhvYgMJA85JWCkvr3bDRWhWdDMswByfI4v+xwfmduuuE7VLYB/E8+ZVLeCZqj37bduENM0YhKoIFp3PDeBXkYUcCpYXu6mmiWEjsiAdQyVJGK6l00WyPGBUQIcxsocCXiifp3ISKT1OPJNZ0RgqH96hfiX10khPO1lXCYpMEmnD4WpwBDjIg0ccMUoiLEhhCpu/orpkJhEwGRWNiF8bor/J82q47mOd31cqZ3N4iihPbSPDpGHTlANXaE6aiCKcnSPHtGTdWc9WM/Wy7R1zprN7KBvsF4/APDXlUc=</latexit><latexit sha1_base64="UKm0/9/whzISzyWPHOB+sldoLHo=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR3DjMFEERhIIgLivYB7SlZDKZNjSTGZI7Qhlm46+4caGIWz/DnX9jpq3g80ByD+fcS3KPnwiuwXXfrbn5hcWl5dJKeXVtfWPT3tpu6jhVlDVoLGLV9olmgkvWAA6CtRPFSOQL1vJHF4XfumVK81jewDhhvYgMJA85JWCkvr3bDRWhWdDMswByfI4v+xwfmduuuE7VLYB/E8+ZVLeCZqj37bduENM0YhKoIFp3PDeBXkYUcCpYXu6mmiWEjsiAdQyVJGK6l00WyPGBUQIcxsocCXiifp3ISKT1OPJNZ0RgqH96hfiX10khPO1lXCYpMEmnD4WpwBDjIg0ccMUoiLEhhCpu/orpkJhEwGRWNiF8bor/J82q47mOd31cqZ3N4iihPbSPDpGHTlANXaE6aiCKcnSPHtGTdWc9WM/Wy7R1zprN7KBvsF4/APDXlUc=</latexit><latexit sha1_base64="UKm0/9/whzISzyWPHOB+sldoLHo=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR3DjMFEERhIIgLivYB7SlZDKZNjSTGZI7Qhlm46+4caGIWz/DnX9jpq3g80ByD+fcS3KPnwiuwXXfrbn5hcWl5dJKeXVtfWPT3tpu6jhVlDVoLGLV9olmgkvWAA6CtRPFSOQL1vJHF4XfumVK81jewDhhvYgMJA85JWCkvr3bDRWhWdDMswByfI4v+xwfmduuuE7VLYB/E8+ZVLeCZqj37bduENM0YhKoIFp3PDeBXkYUcCpYXu6mmiWEjsiAdQyVJGK6l00WyPGBUQIcxsocCXiifp3ISKT1OPJNZ0RgqH96hfiX10khPO1lXCYpMEmnD4WpwBDjIg0ccMUoiLEhhCpu/orpkJhEwGRWNiF8bor/J82q47mOd31cqZ3N4iihPbSPDpGHTlANXaE6aiCKcnSPHtGTdWc9WM/Wy7R1zprN7KBvsF4/APDXlUc=</latexit><latexit sha1_base64="UKm0/9/whzISzyWPHOB+sldoLHo=">AAACAHicdVDLSgMxFM34rPU16sKFm2AR3DjMFEERhIIgLivYB7SlZDKZNjSTGZI7Qhlm46+4caGIWz/DnX9jpq3g80ByD+fcS3KPnwiuwXXfrbn5hcWl5dJKeXVtfWPT3tpu6jhVlDVoLGLV9olmgkvWAA6CtRPFSOQL1vJHF4XfumVK81jewDhhvYgMJA85JWCkvr3bDRWhWdDMswByfI4v+xwfmduuuE7VLYB/E8+ZVLeCZqj37bduENM0YhKoIFp3PDeBXkYUcCpYXu6mmiWEjsiAdQyVJGK6l00WyPGBUQIcxsocCXiifp3ISKT1OPJNZ0RgqH96hfiX10khPO1lXCYpMEmnD4WpwBDjIg0ccMUoiLEhhCpu/orpkJhEwGRWNiF8bor/J82q47mOd31cqZ3N4iihPbSPDpGHTlANXaE6aiCKcnSPHtGTdWc9WM/Wy7R1zprN7KBvsF4/APDXlUc=</latexit>

note: dV

dt
6= 0

<latexit sha1_base64="Vb16V/erHB7Wws1WlKXRtG7SfCY=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyEztti6KrhxWcE+oC0lk8m0oZnMmGSEOhR/xY0LRdz6H+78G9OHoKIHLhzOuZd77/ETzpRG6MPKLS2vrK7l1wsbm1vbO/buXlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/uhi6rduqVQsFtd6nNBehAeChYxgbaS+fdANJSZZ0JxkgZ7ArqA3EPXtInKqVVQqlSFyysjzvIoh6NSrVF3oOmiGIlig3rffu0FM0ogKTThWquOiRPcyLDUjnE4K3VTRBJMRHtCOoQJHVPWy2fUTeGyUAIaxNCU0nKnfJzIcKTWOfNMZYT1Uv72p+JfXSXVY6WVMJKmmgswXhSmHOobTKGDAJCWajw3BRDJzKyRDbOLQJrCCCeHrU/g/aXqOixz3qlSsnS/iyINDcAROgAvOQA1cgjpoAALuwAN4As/WvfVovViv89actZjZBz9gvX0CiOeVPg==</latexit><latexit sha1_base64="Vb16V/erHB7Wws1WlKXRtG7SfCY=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyEztti6KrhxWcE+oC0lk8m0oZnMmGSEOhR/xY0LRdz6H+78G9OHoKIHLhzOuZd77/ETzpRG6MPKLS2vrK7l1wsbm1vbO/buXlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/uhi6rduqVQsFtd6nNBehAeChYxgbaS+fdANJSZZ0JxkgZ7ArqA3EPXtInKqVVQqlSFyysjzvIoh6NSrVF3oOmiGIlig3rffu0FM0ogKTThWquOiRPcyLDUjnE4K3VTRBJMRHtCOoQJHVPWy2fUTeGyUAIaxNCU0nKnfJzIcKTWOfNMZYT1Uv72p+JfXSXVY6WVMJKmmgswXhSmHOobTKGDAJCWajw3BRDJzKyRDbOLQJrCCCeHrU/g/aXqOixz3qlSsnS/iyINDcAROgAvOQA1cgjpoAALuwAN4As/WvfVovViv89actZjZBz9gvX0CiOeVPg==</latexit><latexit sha1_base64="Vb16V/erHB7Wws1WlKXRtG7SfCY=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyEztti6KrhxWcE+oC0lk8m0oZnMmGSEOhR/xY0LRdz6H+78G9OHoKIHLhzOuZd77/ETzpRG6MPKLS2vrK7l1wsbm1vbO/buXlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/uhi6rduqVQsFtd6nNBehAeChYxgbaS+fdANJSZZ0JxkgZ7ArqA3EPXtInKqVVQqlSFyysjzvIoh6NSrVF3oOmiGIlig3rffu0FM0ogKTThWquOiRPcyLDUjnE4K3VTRBJMRHtCOoQJHVPWy2fUTeGyUAIaxNCU0nKnfJzIcKTWOfNMZYT1Uv72p+JfXSXVY6WVMJKmmgswXhSmHOobTKGDAJCWajw3BRDJzKyRDbOLQJrCCCeHrU/g/aXqOixz3qlSsnS/iyINDcAROgAvOQA1cgjpoAALuwAN4As/WvfVovViv89actZjZBz9gvX0CiOeVPg==</latexit><latexit sha1_base64="Vb16V/erHB7Wws1WlKXRtG7SfCY=">AAAB/XicdVDLSgMxFM3UV62v8bFzEyyCqyEztti6KrhxWcE+oC0lk8m0oZnMmGSEOhR/xY0LRdz6H+78G9OHoKIHLhzOuZd77/ETzpRG6MPKLS2vrK7l1wsbm1vbO/buXlPFqSS0QWIey7aPFeVM0IZmmtN2IimOfE5b/uhi6rduqVQsFtd6nNBehAeChYxgbaS+fdANJSZZ0JxkgZ7ArqA3EPXtInKqVVQqlSFyysjzvIoh6NSrVF3oOmiGIlig3rffu0FM0ogKTThWquOiRPcyLDUjnE4K3VTRBJMRHtCOoQJHVPWy2fUTeGyUAIaxNCU0nKnfJzIcKTWOfNMZYT1Uv72p+JfXSXVY6WVMJKmmgswXhSmHOobTKGDAJCWajw3BRDJzKyRDbOLQJrCCCeHrU/g/aXqOixz3qlSsnS/iyINDcAROgAvOQA1cgjpoAALuwAN4As/WvfVovViv89actZjZBz9gvX0CiOeVPg==</latexit>

1
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Component Mass Balances CA, CB , CP


moles

vol

�

<latexit sha1_base64="6k8u5HEzUh7AvEmAUz3E2DLdses=">AAACI3icbVDLSsNAFJ34tr6qLt0Ei+BCSiKCIi7UblxWsFVoQphMb9rBSSbM3BRLiN/ixl9x40IRNy78F6dtFr4OzHDmnHu5c0+YCq7RcT6sqemZ2bn5hcXK0vLK6lp1faOtZaYYtJgUUt2EVIPgCbSQo4CbVAGNQwHX4W1j5F8PQGkukyscpuDHtJfwiDOKRgqqx43gbO++EZyPrua9JyDCjhcpynIP4Q7zWArQRVG+BlIUhad4r49+UK05dWcM+y9xS1IjJZpB9c3rSpbFkCATVOuO66To51QhZwKKipdpSCm7pT3oGJrQGLSfj3cs7B2jdO1IKnMStMfq946cxloP49BUxhT7+rc3Ev/zOhlGR37OkzRDSNhkUJQJG6U9CszucgUMxdAQyhQ3f7VZn5qA0MRaMSG4v1f+S9r7ddepu5cHtdOTMo4FskW2yS5xySE5JRekSVqEkQfyRF7Iq/VoPVtv1vukdMoqezbJD1ifX7aIpjg=</latexit><latexit sha1_base64="6k8u5HEzUh7AvEmAUz3E2DLdses=">AAACI3icbVDLSsNAFJ34tr6qLt0Ei+BCSiKCIi7UblxWsFVoQphMb9rBSSbM3BRLiN/ixl9x40IRNy78F6dtFr4OzHDmnHu5c0+YCq7RcT6sqemZ2bn5hcXK0vLK6lp1faOtZaYYtJgUUt2EVIPgCbSQo4CbVAGNQwHX4W1j5F8PQGkukyscpuDHtJfwiDOKRgqqx43gbO++EZyPrua9JyDCjhcpynIP4Q7zWArQRVG+BlIUhad4r49+UK05dWcM+y9xS1IjJZpB9c3rSpbFkCATVOuO66To51QhZwKKipdpSCm7pT3oGJrQGLSfj3cs7B2jdO1IKnMStMfq946cxloP49BUxhT7+rc3Ev/zOhlGR37OkzRDSNhkUJQJG6U9CszucgUMxdAQyhQ3f7VZn5qA0MRaMSG4v1f+S9r7ddepu5cHtdOTMo4FskW2yS5xySE5JRekSVqEkQfyRF7Iq/VoPVtv1vukdMoqezbJD1ifX7aIpjg=</latexit><latexit sha1_base64="6k8u5HEzUh7AvEmAUz3E2DLdses=">AAACI3icbVDLSsNAFJ34tr6qLt0Ei+BCSiKCIi7UblxWsFVoQphMb9rBSSbM3BRLiN/ixl9x40IRNy78F6dtFr4OzHDmnHu5c0+YCq7RcT6sqemZ2bn5hcXK0vLK6lp1faOtZaYYtJgUUt2EVIPgCbSQo4CbVAGNQwHX4W1j5F8PQGkukyscpuDHtJfwiDOKRgqqx43gbO++EZyPrua9JyDCjhcpynIP4Q7zWArQRVG+BlIUhad4r49+UK05dWcM+y9xS1IjJZpB9c3rSpbFkCATVOuO66To51QhZwKKipdpSCm7pT3oGJrQGLSfj3cs7B2jdO1IKnMStMfq946cxloP49BUxhT7+rc3Ev/zOhlGR37OkzRDSNhkUJQJG6U9CszucgUMxdAQyhQ3f7VZn5qA0MRaMSG4v1f+S9r7ddepu5cHtdOTMo4FskW2yS5xySE5JRekSVqEkQfyRF7Iq/VoPVtv1vukdMoqezbJD1ifX7aIpjg=</latexit><latexit sha1_base64="6k8u5HEzUh7AvEmAUz3E2DLdses=">AAACI3icbVDLSsNAFJ34tr6qLt0Ei+BCSiKCIi7UblxWsFVoQphMb9rBSSbM3BRLiN/ixl9x40IRNy78F6dtFr4OzHDmnHu5c0+YCq7RcT6sqemZ2bn5hcXK0vLK6lp1faOtZaYYtJgUUt2EVIPgCbSQo4CbVAGNQwHX4W1j5F8PQGkukyscpuDHtJfwiDOKRgqqx43gbO++EZyPrua9JyDCjhcpynIP4Q7zWArQRVG+BlIUhad4r49+UK05dWcM+y9xS1IjJZpB9c3rSpbFkCATVOuO66To51QhZwKKipdpSCm7pT3oGJrQGLSfj3cs7B2jdO1IKnMStMfq946cxloP49BUxhT7+rc3Ev/zOhlGR37OkzRDSNhkUJQJG6U9CszucgUMxdAQyhQ3f7VZn5qA0MRaMSG4v1f+S9r7ddepu5cHtdOTMo4FskW2yS5xySE5JRekSVqEkQfyRF7Iq/VoPVtv1vukdMoqezbJD1ifX7aIpjg=</latexit>

A :
d(V CAMA)

dt
= FiCAiMA � FCAMA + rA · V ·MA

<latexit sha1_base64="BwFxOxhVuajulXTUhEqmUfAD0So="></latexit><latexit sha1_base64="BwFxOxhVuajulXTUhEqmUfAD0So="></latexit><latexit sha1_base64="BwFxOxhVuajulXTUhEqmUfAD0So="></latexit><latexit sha1_base64="BwFxOxhVuajulXTUhEqmUfAD0So="></latexit>

MA : molecular weight [mass/mol]
<latexit sha1_base64="spJz/4K7dDxQeKsX5p7Jbo4qkJU=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8xV0RFPEQ8eJFiGAekCxhdtJJhszsLjO9aljyG178FS8eFPGoJ//GyeOgiQUNRVX3THcFsRQGXffbmZtfWFxazqxkV9fWNzZzW9sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBr3LoV+9A21EFN5iPwZfsU4o2oIztFIz5143L84aCA+YUhVJ4Ilkmt6D6HSRDmh9bClmzKG1Bz5t5vJuwR2BzhJvQvJkglIz99loRTxRECKX9p2658bop0yj4BIG2UZiIGa8xzpQtzRkCoyfji4b0H2rtGg70rZCpCP190TKlDF9FdhOxbBrpr2h+J9XT7B96qcijBOEkI8/aieSYkSHMdGW0MBR9i1hXAu7K+VdphlHG2bWhuBNnzxLKkcFzy14N8f54vkkjgzZJXvkgHjkhBTJFSmRMuHkkTyTV/LmPDkvzrvzMW6dcyYzO+QPnK8fpi+grQ==</latexit><latexit sha1_base64="spJz/4K7dDxQeKsX5p7Jbo4qkJU=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8xV0RFPEQ8eJFiGAekCxhdtJJhszsLjO9aljyG178FS8eFPGoJ//GyeOgiQUNRVX3THcFsRQGXffbmZtfWFxazqxkV9fWNzZzW9sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBr3LoV+9A21EFN5iPwZfsU4o2oIztFIz5143L84aCA+YUhVJ4Ilkmt6D6HSRDmh9bClmzKG1Bz5t5vJuwR2BzhJvQvJkglIz99loRTxRECKX9p2658bop0yj4BIG2UZiIGa8xzpQtzRkCoyfji4b0H2rtGg70rZCpCP190TKlDF9FdhOxbBrpr2h+J9XT7B96qcijBOEkI8/aieSYkSHMdGW0MBR9i1hXAu7K+VdphlHG2bWhuBNnzxLKkcFzy14N8f54vkkjgzZJXvkgHjkhBTJFSmRMuHkkTyTV/LmPDkvzrvzMW6dcyYzO+QPnK8fpi+grQ==</latexit><latexit sha1_base64="spJz/4K7dDxQeKsX5p7Jbo4qkJU=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8xV0RFPEQ8eJFiGAekCxhdtJJhszsLjO9aljyG178FS8eFPGoJ//GyeOgiQUNRVX3THcFsRQGXffbmZtfWFxazqxkV9fWNzZzW9sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBr3LoV+9A21EFN5iPwZfsU4o2oIztFIz5143L84aCA+YUhVJ4Ilkmt6D6HSRDmh9bClmzKG1Bz5t5vJuwR2BzhJvQvJkglIz99loRTxRECKX9p2658bop0yj4BIG2UZiIGa8xzpQtzRkCoyfji4b0H2rtGg70rZCpCP190TKlDF9FdhOxbBrpr2h+J9XT7B96qcijBOEkI8/aieSYkSHMdGW0MBR9i1hXAu7K+VdphlHG2bWhuBNnzxLKkcFzy14N8f54vkkjgzZJXvkgHjkhBTJFSmRMuHkkTyTV/LmPDkvzrvzMW6dcyYzO+QPnK8fpi+grQ==</latexit><latexit sha1_base64="spJz/4K7dDxQeKsX5p7Jbo4qkJU=">AAACGXicbVDLSgNBEJz1GeMr6tHLYBA8xV0RFPEQ8eJFiGAekCxhdtJJhszsLjO9aljyG178FS8eFPGoJ//GyeOgiQUNRVX3THcFsRQGXffbmZtfWFxazqxkV9fWNzZzW9sVEyWaQ5lHMtK1gBmQIoQyCpRQizUwFUioBr3LoV+9A21EFN5iPwZfsU4o2oIztFIz5143L84aCA+YUhVJ4Ilkmt6D6HSRDmh9bClmzKG1Bz5t5vJuwR2BzhJvQvJkglIz99loRTxRECKX9p2658bop0yj4BIG2UZiIGa8xzpQtzRkCoyfji4b0H2rtGg70rZCpCP190TKlDF9FdhOxbBrpr2h+J9XT7B96qcijBOEkI8/aieSYkSHMdGW0MBR9i1hXAu7K+VdphlHG2bWhuBNnzxLKkcFzy14N8f54vkkjgzZJXvkgHjkhBTJFSmRMuHkkTyTV/LmPDkvzrvzMW6dcyYzO+QPnK8fpi+grQ==</latexit>

Similarly,

P :
d(V Cp)

dt
= 0� FCP + rpV

<latexit sha1_base64="NWqiZa8OBOzOr7nCCwJlJGCJZIE=">AAACEnicbVDLSgNBEJyNrxhfUY9eGoOQIIZdERRRCATEYwTzgCQss7OzyZDZBzOzQlj2G7z4K148KOLVkzf/xkmyB00saCiquunuciLOpDLNbyO3tLyyupZfL2xsbm3vFHf3WjKMBaFNEvJQdBwsKWcBbSqmOO1EgmLf4bTtjOoTv/1AhWRhcK/GEe37eBAwjxGstGQXK41L6HkCk8Qtt+p2VEkTV6VwDSacwA3U7QYcg7AjaNnFklk1p4BFYmWkhDI07OJXzw1J7NNAEY6l7FpmpPoJFooRTtNCL5Y0wmSEB7SraYB9KvvJ9KUUjrTighcKXYGCqfp7IsG+lGPf0Z0+VkM5703E/7xurLyLfsKCKFY0ILNFXsxBhTDJB1wmKFF8rAkmgulbgQyxDkjpFAs6BGv+5UXSOq1aZtW6OyvVrrI48ugAHaIystA5qqFb1EBNRNAjekav6M14Ml6Md+Nj1pozspl99AfG5w/PA5pa</latexit><latexit sha1_base64="NWqiZa8OBOzOr7nCCwJlJGCJZIE=">AAACEnicbVDLSgNBEJyNrxhfUY9eGoOQIIZdERRRCATEYwTzgCQss7OzyZDZBzOzQlj2G7z4K148KOLVkzf/xkmyB00saCiquunuciLOpDLNbyO3tLyyupZfL2xsbm3vFHf3WjKMBaFNEvJQdBwsKWcBbSqmOO1EgmLf4bTtjOoTv/1AhWRhcK/GEe37eBAwjxGstGQXK41L6HkCk8Qtt+p2VEkTV6VwDSacwA3U7QYcg7AjaNnFklk1p4BFYmWkhDI07OJXzw1J7NNAEY6l7FpmpPoJFooRTtNCL5Y0wmSEB7SraYB9KvvJ9KUUjrTighcKXYGCqfp7IsG+lGPf0Z0+VkM5703E/7xurLyLfsKCKFY0ILNFXsxBhTDJB1wmKFF8rAkmgulbgQyxDkjpFAs6BGv+5UXSOq1aZtW6OyvVrrI48ugAHaIystA5qqFb1EBNRNAjekav6M14Ml6Md+Nj1pozspl99AfG5w/PA5pa</latexit><latexit sha1_base64="NWqiZa8OBOzOr7nCCwJlJGCJZIE=">AAACEnicbVDLSgNBEJyNrxhfUY9eGoOQIIZdERRRCATEYwTzgCQss7OzyZDZBzOzQlj2G7z4K148KOLVkzf/xkmyB00saCiquunuciLOpDLNbyO3tLyyupZfL2xsbm3vFHf3WjKMBaFNEvJQdBwsKWcBbSqmOO1EgmLf4bTtjOoTv/1AhWRhcK/GEe37eBAwjxGstGQXK41L6HkCk8Qtt+p2VEkTV6VwDSacwA3U7QYcg7AjaNnFklk1p4BFYmWkhDI07OJXzw1J7NNAEY6l7FpmpPoJFooRTtNCL5Y0wmSEB7SraYB9KvvJ9KUUjrTighcKXYGCqfp7IsG+lGPf0Z0+VkM5703E/7xurLyLfsKCKFY0ILNFXsxBhTDJB1wmKFF8rAkmgulbgQyxDkjpFAs6BGv+5UXSOq1aZtW6OyvVrrI48ugAHaIystA5qqFb1EBNRNAjekav6M14Ml6Md+Nj1pozspl99AfG5w/PA5pa</latexit><latexit sha1_base64="NWqiZa8OBOzOr7nCCwJlJGCJZIE=">AAACEnicbVDLSgNBEJyNrxhfUY9eGoOQIIZdERRRCATEYwTzgCQss7OzyZDZBzOzQlj2G7z4K148KOLVkzf/xkmyB00saCiquunuciLOpDLNbyO3tLyyupZfL2xsbm3vFHf3WjKMBaFNEvJQdBwsKWcBbSqmOO1EgmLf4bTtjOoTv/1AhWRhcK/GEe37eBAwjxGstGQXK41L6HkCk8Qtt+p2VEkTV6VwDSacwA3U7QYcg7AjaNnFklk1p4BFYmWkhDI07OJXzw1J7NNAEY6l7FpmpPoJFooRTtNCL5Y0wmSEB7SraYB9KvvJ9KUUjrTighcKXYGCqfp7IsG+lGPf0Z0+VkM5703E/7xurLyLfsKCKFY0ILNFXsxBhTDJB1wmKFF8rAkmgulbgQyxDkjpFAs6BGv+5UXSOq1aZtW6OyvVrrI48ugAHaIystA5qqFb1EBNRNAjekav6M14Ml6Md+Nj1pozspl99AfG5w/PA5pa</latexit>

2

3

Constitutive equations:

rA = �kCA, rp = kCA
<latexit sha1_base64="stY1FlB2kwA7atHejSLgHWkGEU4=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK40JKIoAuFlm5cVrAPaEOYTCft0MmDmYlQQgU3/oobF4q49SPc+TdO0yy09cDAuefcy517vJgzqSzr21haXlldWy9sFDe3tnd2zb39lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o/rUb99TIVkU3qlxTJ0AD0LmM4KVllyzJNwaukanaITqbu0EPQg31nVWuWbZqlgZ0CKxc1KGHA3X/Or1I5IENFSEYym7thUrJ8VCMcLppNhLJI0xGeEB7Woa4oBKJ82OmKAjrfSRHwn9QoUy9fdEigMpx4GnOwOshnLem4r/ed1E+ZdOysI4UTQks0V+wpGK0DQR1GeCEsXHmmAimP4rIkMsMFE6t6IOwZ4/eZG0ziq2VbFvz8vVqzyOApTgEI7Bhguowg00oAkEHuEZXuHNeDJejHfjY9a6ZOQzB/AHxucPxCGU8w==</latexit><latexit sha1_base64="stY1FlB2kwA7atHejSLgHWkGEU4=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK40JKIoAuFlm5cVrAPaEOYTCft0MmDmYlQQgU3/oobF4q49SPc+TdO0yy09cDAuefcy517vJgzqSzr21haXlldWy9sFDe3tnd2zb39lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o/rUb99TIVkU3qlxTJ0AD0LmM4KVllyzJNwaukanaITqbu0EPQg31nVWuWbZqlgZ0CKxc1KGHA3X/Or1I5IENFSEYym7thUrJ8VCMcLppNhLJI0xGeEB7Woa4oBKJ82OmKAjrfSRHwn9QoUy9fdEigMpx4GnOwOshnLem4r/ed1E+ZdOysI4UTQks0V+wpGK0DQR1GeCEsXHmmAimP4rIkMsMFE6t6IOwZ4/eZG0ziq2VbFvz8vVqzyOApTgEI7Bhguowg00oAkEHuEZXuHNeDJejHfjY9a6ZOQzB/AHxucPxCGU8w==</latexit><latexit sha1_base64="stY1FlB2kwA7atHejSLgHWkGEU4=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK40JKIoAuFlm5cVrAPaEOYTCft0MmDmYlQQgU3/oobF4q49SPc+TdO0yy09cDAuefcy517vJgzqSzr21haXlldWy9sFDe3tnd2zb39lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o/rUb99TIVkU3qlxTJ0AD0LmM4KVllyzJNwaukanaITqbu0EPQg31nVWuWbZqlgZ0CKxc1KGHA3X/Or1I5IENFSEYym7thUrJ8VCMcLppNhLJI0xGeEB7Woa4oBKJ82OmKAjrfSRHwn9QoUy9fdEigMpx4GnOwOshnLem4r/ed1E+ZdOysI4UTQks0V+wpGK0DQR1GeCEsXHmmAimP4rIkMsMFE6t6IOwZ4/eZG0ziq2VbFvz8vVqzyOApTgEI7Bhguowg00oAkEHuEZXuHNeDJejHfjY9a6ZOQzB/AHxucPxCGU8w==</latexit><latexit sha1_base64="stY1FlB2kwA7atHejSLgHWkGEU4=">AAACBHicbVDLSsNAFL3xWesr6rKbwSK40JKIoAuFlm5cVrAPaEOYTCft0MmDmYlQQgU3/oobF4q49SPc+TdO0yy09cDAuefcy517vJgzqSzr21haXlldWy9sFDe3tnd2zb39lowSQWiTRDwSHQ9LyllIm4opTjuxoDjwOG17o/rUb99TIVkU3qlxTJ0AD0LmM4KVllyzJNwaukanaITqbu0EPQg31nVWuWbZqlgZ0CKxc1KGHA3X/Or1I5IENFSEYym7thUrJ8VCMcLppNhLJI0xGeEB7Woa4oBKJ82OmKAjrfSRHwn9QoUy9fdEigMpx4GnOwOshnLem4r/ed1E+ZdOysI4UTQks0V+wpGK0DQR1GeCEsXHmmAimP4rIkMsMFE6t6IOwZ4/eZG0ziq2VbFvz8vVqzyOApTgEI7Bhguowg00oAkEHuEZXuHNeDJejHfjY9a6ZOQzB/AHxucPxCGU8w==</latexit>

4
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d(V CA)

dt
= FiCAi � FCA � V kCA

<latexit sha1_base64="OOQPbTtoIAiFxe+H5pyMPqGZn/o=">AAACGnicbVDNS8MwHE3n15xfVY9egkOYB0crgh4UNgbD4wTXDbZS0jTdwtIPklQYpX+HF/8VLx4U8SZe/G9Mtx5080HI4733I/k9N2ZUSMP41korq2vrG+XNytb2zu6evn9giSjhmHRxxCLed5EgjIakK6lkpB9zggKXkZ47aeV+74FwQaPwXk5jYgdoFFKfYiSV5Ojm0OcIp17Ngi2neQqz1JMZvIFthyohbdIMnsG2stRlTfKMo1eNujEDXCZmQaqgQMfRP4dehJOAhBIzJMTANGJpp4hLihnJKsNEkBjhCRqRgaIhCoiw09lqGTxRigf9iKsTSjhTf0+kKBBiGrgqGSA5FoteLv7nDRLpX9kpDeNEkhDPH/ITBmUE856gRznBkk0VQZhT9VeIx0h1JVWbFVWCubjyMrHO66ZRN+8uqo3roo4yOALHoAZMcAka4BZ0QBdg8AiewSt40560F+1d+5hHS1oxcwj+QPv6AUbgnTM=</latexit><latexit sha1_base64="OOQPbTtoIAiFxe+H5pyMPqGZn/o=">AAACGnicbVDNS8MwHE3n15xfVY9egkOYB0crgh4UNgbD4wTXDbZS0jTdwtIPklQYpX+HF/8VLx4U8SZe/G9Mtx5080HI4733I/k9N2ZUSMP41korq2vrG+XNytb2zu6evn9giSjhmHRxxCLed5EgjIakK6lkpB9zggKXkZ47aeV+74FwQaPwXk5jYgdoFFKfYiSV5Ojm0OcIp17Ngi2neQqz1JMZvIFthyohbdIMnsG2stRlTfKMo1eNujEDXCZmQaqgQMfRP4dehJOAhBIzJMTANGJpp4hLihnJKsNEkBjhCRqRgaIhCoiw09lqGTxRigf9iKsTSjhTf0+kKBBiGrgqGSA5FoteLv7nDRLpX9kpDeNEkhDPH/ITBmUE856gRznBkk0VQZhT9VeIx0h1JVWbFVWCubjyMrHO66ZRN+8uqo3roo4yOALHoAZMcAka4BZ0QBdg8AiewSt40560F+1d+5hHS1oxcwj+QPv6AUbgnTM=</latexit><latexit sha1_base64="OOQPbTtoIAiFxe+H5pyMPqGZn/o=">AAACGnicbVDNS8MwHE3n15xfVY9egkOYB0crgh4UNgbD4wTXDbZS0jTdwtIPklQYpX+HF/8VLx4U8SZe/G9Mtx5080HI4733I/k9N2ZUSMP41korq2vrG+XNytb2zu6evn9giSjhmHRxxCLed5EgjIakK6lkpB9zggKXkZ47aeV+74FwQaPwXk5jYgdoFFKfYiSV5Ojm0OcIp17Ngi2neQqz1JMZvIFthyohbdIMnsG2stRlTfKMo1eNujEDXCZmQaqgQMfRP4dehJOAhBIzJMTANGJpp4hLihnJKsNEkBjhCRqRgaIhCoiw09lqGTxRigf9iKsTSjhTf0+kKBBiGrgqGSA5FoteLv7nDRLpX9kpDeNEkhDPH/ITBmUE856gRznBkk0VQZhT9VeIx0h1JVWbFVWCubjyMrHO66ZRN+8uqo3roo4yOALHoAZMcAka4BZ0QBdg8AiewSt40560F+1d+5hHS1oxcwj+QPv6AUbgnTM=</latexit><latexit sha1_base64="OOQPbTtoIAiFxe+H5pyMPqGZn/o=">AAACGnicbVDNS8MwHE3n15xfVY9egkOYB0crgh4UNgbD4wTXDbZS0jTdwtIPklQYpX+HF/8VLx4U8SZe/G9Mtx5080HI4733I/k9N2ZUSMP41korq2vrG+XNytb2zu6evn9giSjhmHRxxCLed5EgjIakK6lkpB9zggKXkZ47aeV+74FwQaPwXk5jYgdoFFKfYiSV5Ojm0OcIp17Ngi2neQqz1JMZvIFthyohbdIMnsG2stRlTfKMo1eNujEDXCZmQaqgQMfRP4dehJOAhBIzJMTANGJpp4hLihnJKsNEkBjhCRqRgaIhCoiw09lqGTxRigf9iKsTSjhTf0+kKBBiGrgqGSA5FoteLv7nDRLpX9kpDeNEkhDPH/ITBmUE856gRznBkk0VQZhT9VeIx0h1JVWbFVWCubjyMrHO66ZRN+8uqo3roo4yOALHoAZMcAka4BZ0QBdg8AiewSt40560F+1d+5hHS1oxcwj+QPv6AUbgnTM=</latexit>

d(V CP )

dt
= �FCP + V kCA

<latexit sha1_base64="EtM9ifzkVrfvYfzNKlSgblszUzA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpiCURQRcKlYK4rGAf0IYwmUzaoZNJmJkIJeQP3Pgrblwo4tatO//GaZuFth64cOace5l7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG9bHfvuBCEkjfq9GMXFC1Oc0oBgpLbnmYS8QCKd+pQXrbuMIZqmvMngF4cmNfsNj2Bpq49o1y1bVmgDOEzsnZZCj4ZpfPT/CSUi4wgxJ2bWtWDkpEopiRrJSL5EkRniI+qSrKUchkU46uSeDB1rxYRAJXVzBifp7IkWhlKPQ050hUgM5643F/7xuooILJ6U8ThThePpRkDCoIjgOB/pUEKzYSBOEBdW7QjxAOiClIyzpEOzZk+dJ67RqW1X77qxcu8zjKII9sA8qwAbnoAZuQQM0AQaP4Bm8gjfjyXgx3o2PaWvByGd2wR8Ynz/V6ZlP</latexit><latexit sha1_base64="EtM9ifzkVrfvYfzNKlSgblszUzA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpiCURQRcKlYK4rGAf0IYwmUzaoZNJmJkIJeQP3Pgrblwo4tatO//GaZuFth64cOace5l7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG9bHfvuBCEkjfq9GMXFC1Oc0oBgpLbnmYS8QCKd+pQXrbuMIZqmvMngF4cmNfsNj2Bpq49o1y1bVmgDOEzsnZZCj4ZpfPT/CSUi4wgxJ2bWtWDkpEopiRrJSL5EkRniI+qSrKUchkU46uSeDB1rxYRAJXVzBifp7IkWhlKPQ050hUgM5643F/7xuooILJ6U8ThThePpRkDCoIjgOB/pUEKzYSBOEBdW7QjxAOiClIyzpEOzZk+dJ67RqW1X77qxcu8zjKII9sA8qwAbnoAZuQQM0AQaP4Bm8gjfjyXgx3o2PaWvByGd2wR8Ynz/V6ZlP</latexit><latexit sha1_base64="EtM9ifzkVrfvYfzNKlSgblszUzA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpiCURQRcKlYK4rGAf0IYwmUzaoZNJmJkIJeQP3Pgrblwo4tatO//GaZuFth64cOace5l7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG9bHfvuBCEkjfq9GMXFC1Oc0oBgpLbnmYS8QCKd+pQXrbuMIZqmvMngF4cmNfsNj2Bpq49o1y1bVmgDOEzsnZZCj4ZpfPT/CSUi4wgxJ2bWtWDkpEopiRrJSL5EkRniI+qSrKUchkU46uSeDB1rxYRAJXVzBifp7IkWhlKPQ050hUgM5643F/7xuooILJ6U8ThThePpRkDCoIjgOB/pUEKzYSBOEBdW7QjxAOiClIyzpEOzZk+dJ67RqW1X77qxcu8zjKII9sA8qwAbnoAZuQQM0AQaP4Bm8gjfjyXgx3o2PaWvByGd2wR8Ynz/V6ZlP</latexit><latexit sha1_base64="EtM9ifzkVrfvYfzNKlSgblszUzA=">AAACD3icbVDLSsNAFJ3UV62vqEs3g0WpiCURQRcKlYK4rGAf0IYwmUzaoZNJmJkIJeQP3Pgrblwo4tatO//GaZuFth64cOace5l7jxczKpVlfRuFhcWl5ZXiamltfWNzy9zeackoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG9bHfvuBCEkjfq9GMXFC1Oc0oBgpLbnmYS8QCKd+pQXrbuMIZqmvMngF4cmNfsNj2Bpq49o1y1bVmgDOEzsnZZCj4ZpfPT/CSUi4wgxJ2bWtWDkpEopiRrJSL5EkRniI+qSrKUchkU46uSeDB1rxYRAJXVzBifp7IkWhlKPQ050hUgM5643F/7xuooILJ6U8ThThePpRkDCoIjgOB/pUEKzYSBOEBdW7QjxAOiClIyzpEOzZk+dJ67RqW1X77qxcu8zjKII9sA8qwAbnoAZuQQM0AQaP4Bm8gjfjyXgx3o2PaWvByGd2wR8Ynz/V6ZlP</latexit>

2’

3’

2’
d(V CA)

dt
= V

dCA

dt
+ CA

dV

dt
<latexit sha1_base64="FtVzkFibHbEWcgRyi10qNfEy0IY="></latexit><latexit sha1_base64="FtVzkFibHbEWcgRyi10qNfEy0IY="></latexit><latexit sha1_base64="FtVzkFibHbEWcgRyi10qNfEy0IY="></latexit><latexit sha1_base64="FtVzkFibHbEWcgRyi10qNfEy0IY="></latexit>

= V
dCA

dt
+ CA(Fi � F )

<latexit sha1_base64="mNBvXOwpEd/8b7kdu+KaGI5ruXg=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQEcuMCLpQqBSKywr2Ae0wZDKZNjTzIMkIZZgPcOOvuHGhiFs/wJ1/Y/pYaOuBwOGcc7m5x405k8o0v43c0vLK6lp+vbCxubW9U9zda8koEYQ2ScQj0XGxpJyFtKmY4rQTC4oDl9O2O6yN/fYDFZJF4b0axdQOcD9kPiNYackplq5RC/V8gUnq1ZybLPVUhk6Qpqhcdxg6RfVjnTIr5gRokVgzUoIZGk7xq+dFJAloqAjHUnYtM1Z2ioVihNOs0EskjTEZ4j7tahrigEo7nRyToSOteMiPhH6hQhP190SKAylHgauTAVYDOe+Nxf+8bqL8SztlYZwoGpLpIj/hSEVo3AzymKBE8ZEmmAim/4rIAOtmlO6voEuw5k9eJK2zimVWrLvzUvVqVkceDuAQymDBBVThFhrQBAKP8Ayv8GY8GS/Gu/ExjeaM2cw+/IHx+QMDDJhd</latexit><latexit sha1_base64="mNBvXOwpEd/8b7kdu+KaGI5ruXg=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQEcuMCLpQqBSKywr2Ae0wZDKZNjTzIMkIZZgPcOOvuHGhiFs/wJ1/Y/pYaOuBwOGcc7m5x405k8o0v43c0vLK6lp+vbCxubW9U9zda8koEYQ2ScQj0XGxpJyFtKmY4rQTC4oDl9O2O6yN/fYDFZJF4b0axdQOcD9kPiNYackplq5RC/V8gUnq1ZybLPVUhk6Qpqhcdxg6RfVjnTIr5gRokVgzUoIZGk7xq+dFJAloqAjHUnYtM1Z2ioVihNOs0EskjTEZ4j7tahrigEo7nRyToSOteMiPhH6hQhP190SKAylHgauTAVYDOe+Nxf+8bqL8SztlYZwoGpLpIj/hSEVo3AzymKBE8ZEmmAim/4rIAOtmlO6voEuw5k9eJK2zimVWrLvzUvVqVkceDuAQymDBBVThFhrQBAKP8Ayv8GY8GS/Gu/ExjeaM2cw+/IHx+QMDDJhd</latexit><latexit sha1_base64="mNBvXOwpEd/8b7kdu+KaGI5ruXg=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQEcuMCLpQqBSKywr2Ae0wZDKZNjTzIMkIZZgPcOOvuHGhiFs/wJ1/Y/pYaOuBwOGcc7m5x405k8o0v43c0vLK6lp+vbCxubW9U9zda8koEYQ2ScQj0XGxpJyFtKmY4rQTC4oDl9O2O6yN/fYDFZJF4b0axdQOcD9kPiNYackplq5RC/V8gUnq1ZybLPVUhk6Qpqhcdxg6RfVjnTIr5gRokVgzUoIZGk7xq+dFJAloqAjHUnYtM1Z2ioVihNOs0EskjTEZ4j7tahrigEo7nRyToSOteMiPhH6hQhP190SKAylHgauTAVYDOe+Nxf+8bqL8SztlYZwoGpLpIj/hSEVo3AzymKBE8ZEmmAim/4rIAOtmlO6voEuw5k9eJK2zimVWrLvzUvVqVkceDuAQymDBBVThFhrQBAKP8Ayv8GY8GS/Gu/ExjeaM2cw+/IHx+QMDDJhd</latexit><latexit sha1_base64="mNBvXOwpEd/8b7kdu+KaGI5ruXg=">AAACDHicbVDLSgMxFL1TX7W+qi7dBItQEcuMCLpQqBSKywr2Ae0wZDKZNjTzIMkIZZgPcOOvuHGhiFs/wJ1/Y/pYaOuBwOGcc7m5x405k8o0v43c0vLK6lp+vbCxubW9U9zda8koEYQ2ScQj0XGxpJyFtKmY4rQTC4oDl9O2O6yN/fYDFZJF4b0axdQOcD9kPiNYackplq5RC/V8gUnq1ZybLPVUhk6Qpqhcdxg6RfVjnTIr5gRokVgzUoIZGk7xq+dFJAloqAjHUnYtM1Z2ioVihNOs0EskjTEZ4j7tahrigEo7nRyToSOteMiPhH6hQhP190SKAylHgauTAVYDOe+Nxf+8bqL8SztlYZwoGpLpIj/hSEVo3AzymKBE8ZEmmAim/4rIAOtmlO6voEuw5k9eJK2zimVWrLvzUvVqVkceDuAQymDBBVThFhrQBAKP8Ayv8GY8GS/Gu/ExjeaM2cw+/IHx+QMDDJhd</latexit>

= FiCAi � FCA � V kCA
<latexit sha1_base64="Vugngo1RuBRl6GXXQbORWVjqlrI=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL4KZlRgRdKLQUissK9gLtMGTSTBuauZBkhDJ04cZXceNCEbc+hDvfxrSdhbYeCPn4/3NIzu/FnEllWd9Gbm19Y3Mrv13Y2d3bPzAPj9oySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0443rM7/zQIVkUXivJjF1AjwMmc8IVlpyzeINargM1d20xqaojBoaa6jcHuvLNUtWxZoXWgU7gxJk1XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xOC/1E0hiTMR7SnsYQB1Q66XyJKTrVygD5kdAnVGiu/p5IcSDlJPB0Z4DVSC57M/E/r5co/8pJWRgnioZk8ZCfcKQiNEsEDZigRPGJBkwE039FZIQFJkrnVtAh2Msrr0L7vGJbFfvuolS9zuLIQxFO4AxsuIQq3EITWkDgEZ7hFd6MJ+PFeDc+Fq05I5s5hj9lfP4AGmaVKQ==</latexit><latexit sha1_base64="Vugngo1RuBRl6GXXQbORWVjqlrI=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL4KZlRgRdKLQUissK9gLtMGTSTBuauZBkhDJ04cZXceNCEbc+hDvfxrSdhbYeCPn4/3NIzu/FnEllWd9Gbm19Y3Mrv13Y2d3bPzAPj9oySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0443rM7/zQIVkUXivJjF1AjwMmc8IVlpyzeINargM1d20xqaojBoaa6jcHuvLNUtWxZoXWgU7gxJk1XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xOC/1E0hiTMR7SnsYQB1Q66XyJKTrVygD5kdAnVGiu/p5IcSDlJPB0Z4DVSC57M/E/r5co/8pJWRgnioZk8ZCfcKQiNEsEDZigRPGJBkwE039FZIQFJkrnVtAh2Msrr0L7vGJbFfvuolS9zuLIQxFO4AxsuIQq3EITWkDgEZ7hFd6MJ+PFeDc+Fq05I5s5hj9lfP4AGmaVKQ==</latexit><latexit sha1_base64="Vugngo1RuBRl6GXXQbORWVjqlrI=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL4KZlRgRdKLQUissK9gLtMGTSTBuauZBkhDJ04cZXceNCEbc+hDvfxrSdhbYeCPn4/3NIzu/FnEllWd9Gbm19Y3Mrv13Y2d3bPzAPj9oySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0443rM7/zQIVkUXivJjF1AjwMmc8IVlpyzeINargM1d20xqaojBoaa6jcHuvLNUtWxZoXWgU7gxJk1XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xOC/1E0hiTMR7SnsYQB1Q66XyJKTrVygD5kdAnVGiu/p5IcSDlJPB0Z4DVSC57M/E/r5co/8pJWRgnioZk8ZCfcKQiNEsEDZigRPGJBkwE039FZIQFJkrnVtAh2Msrr0L7vGJbFfvuolS9zuLIQxFO4AxsuIQq3EITWkDgEZ7hFd6MJ+PFeDc+Fq05I5s5hj9lfP4AGmaVKQ==</latexit><latexit sha1_base64="Vugngo1RuBRl6GXXQbORWVjqlrI=">AAACBHicbZDLSgMxFIbP1Futt1GX3QSL4KZlRgRdKLQUissK9gLtMGTSTBuauZBkhDJ04cZXceNCEbc+hDvfxrSdhbYeCPn4/3NIzu/FnEllWd9Gbm19Y3Mrv13Y2d3bPzAPj9oySgShLRLxSHQ9LClnIW0ppjjtxoLiwOO0443rM7/zQIVkUXivJjF1AjwMmc8IVlpyzeINargM1d20xqaojBoaa6jcHuvLNUtWxZoXWgU7gxJk1XTNr/4gIklAQ0U4lrJnW7FyUiwUI5xOC/1E0hiTMR7SnsYQB1Q66XyJKTrVygD5kdAnVGiu/p5IcSDlJPB0Z4DVSC57M/E/r5co/8pJWRgnioZk8ZCfcKQiNEsEDZigRPGJBkwE039FZIQFJkrnVtAh2Msrr0L7vGJbFfvuolS9zuLIQxFO4AxsuIQq3EITWkDgEZ7hFd6MJ+PFeDc+Fq05I5s5hj9lfP4AGmaVKQ==</latexit>

LHS

RHS

2’’
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Similarly,        becomes3’

dCP

dt
= �Fi

V
CP + kCA

<latexit sha1_base64="3xPyFlmUh0D5q1UPY+rwHblahHY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdKFQCYjLCPYBbQiTyaQdOnkwMxHKkK9w46+4caGIW3Hn3zhts9DWAxcO59zLvfcEGaNCWta3sbC4tLyyWlmrrm9sbm2bO7stkeYckyZOWco7ARKE0YQ0JZWMdDJOUBww0g6GzthvPxAuaJrcy1FGvBj1ExpRjKSWfPOkF3GEVej4bqFCWcArWEo3Pi1Uq4COr9wCHsOh41/7Zs2qWxPAeWKXpAZKuL751QtTnMckkZghIbq2lUlPIS4pZqSo9nJBMoSHqE+6miYoJsJTk7cKeKiVEEYp15VIOFF/TygUCzGKA90ZIzkQs95Y/M/r5jK68BRNslySBE8XRTmDMoXjjGBIOcGSjTRBmFN9K8QDpEOROsmqDsGefXmetE7rtlW3785qjcsyjgrYBwfgCNjgHDTALXBBE2DwCJ7BK3gznowX4934mLYuGOXMHvgD4/MHbIaeNg==</latexit><latexit sha1_base64="3xPyFlmUh0D5q1UPY+rwHblahHY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdKFQCYjLCPYBbQiTyaQdOnkwMxHKkK9w46+4caGIW3Hn3zhts9DWAxcO59zLvfcEGaNCWta3sbC4tLyyWlmrrm9sbm2bO7stkeYckyZOWco7ARKE0YQ0JZWMdDJOUBww0g6GzthvPxAuaJrcy1FGvBj1ExpRjKSWfPOkF3GEVej4bqFCWcArWEo3Pi1Uq4COr9wCHsOh41/7Zs2qWxPAeWKXpAZKuL751QtTnMckkZghIbq2lUlPIS4pZqSo9nJBMoSHqE+6miYoJsJTk7cKeKiVEEYp15VIOFF/TygUCzGKA90ZIzkQs95Y/M/r5jK68BRNslySBE8XRTmDMoXjjGBIOcGSjTRBmFN9K8QDpEOROsmqDsGefXmetE7rtlW3785qjcsyjgrYBwfgCNjgHDTALXBBE2DwCJ7BK3gznowX4934mLYuGOXMHvgD4/MHbIaeNg==</latexit><latexit sha1_base64="3xPyFlmUh0D5q1UPY+rwHblahHY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdKFQCYjLCPYBbQiTyaQdOnkwMxHKkK9w46+4caGIW3Hn3zhts9DWAxcO59zLvfcEGaNCWta3sbC4tLyyWlmrrm9sbm2bO7stkeYckyZOWco7ARKE0YQ0JZWMdDJOUBww0g6GzthvPxAuaJrcy1FGvBj1ExpRjKSWfPOkF3GEVej4bqFCWcArWEo3Pi1Uq4COr9wCHsOh41/7Zs2qWxPAeWKXpAZKuL751QtTnMckkZghIbq2lUlPIS4pZqSo9nJBMoSHqE+6miYoJsJTk7cKeKiVEEYp15VIOFF/TygUCzGKA90ZIzkQs95Y/M/r5jK68BRNslySBE8XRTmDMoXjjGBIOcGSjTRBmFN9K8QDpEOROsmqDsGefXmetE7rtlW3785qjcsyjgrYBwfgCNjgHDTALXBBE2DwCJ7BK3gznowX4934mLYuGOXMHvgD4/MHbIaeNg==</latexit><latexit sha1_base64="3xPyFlmUh0D5q1UPY+rwHblahHY=">AAACFnicbVDLSsNAFJ34rPUVdelmsAiCWBIRdKFQCYjLCPYBbQiTyaQdOnkwMxHKkK9w46+4caGIW3Hn3zhts9DWAxcO59zLvfcEGaNCWta3sbC4tLyyWlmrrm9sbm2bO7stkeYckyZOWco7ARKE0YQ0JZWMdDJOUBww0g6GzthvPxAuaJrcy1FGvBj1ExpRjKSWfPOkF3GEVej4bqFCWcArWEo3Pi1Uq4COr9wCHsOh41/7Zs2qWxPAeWKXpAZKuL751QtTnMckkZghIbq2lUlPIS4pZqSo9nJBMoSHqE+6miYoJsJTk7cKeKiVEEYp15VIOFF/TygUCzGKA90ZIzkQs95Y/M/r5jK68BRNslySBE8XRTmDMoXjjGBIOcGSjTRBmFN9K8QDpEOROsmqDsGefXmetE7rtlW3785qjcsyjgrYBwfgCNjgHDTALXBBE2DwCJ7BK3gznowX4934mLYuGOXMHvgD4/MHbIaeNg==</latexit>

3’’

State Variables

x =

2

4
V
CA

CP

3

5

<latexit sha1_base64="ysGkfhHe9gV0Jvw06abzuHSkomA=">AAACJ3icbVBNSwMxEM36bf2qevQSLIKnsiuCHlQqXjxWsK3QXUo2nW2D2eySzIpl6b/x4l/xIqiIHv0npu0etPog5PHezCTzwlQKg6776czMzs0vLC4tl1ZW19Y3yptbTZNkmkODJzLRNyEzIIWCBgqUcJNqYHEooRXeXoz81h1oIxJ1jYMUgpj1lIgEZ2ilTvnsnp5SX0KEbT+EnlA505oNhjkf0ib1fXrROZ9cdeqD6hY29bXo9THolCtu1R2D/iVeQSqkQL1TfvG7Cc9iUMglM6btuSkGdioKLmFY8jMDKeO3rAdtSxWLwQT5eM8h3bNKl0aJtkchHas/O3IWGzOIQ1sZM+ybaW8k/ue1M4yOg1yoNENQfPJQlEmKCR2FRrtCA0c5sIRxLexfKe8zzTjaaEs2BG965b+keVD13Kp3dVipnRRxLJEdskv2iUeOSI1ckjppEE4eyBN5JW/Oo/PsvDsfk9IZp+jZJr/gfH0DtSOlNw==</latexit><latexit sha1_base64="ysGkfhHe9gV0Jvw06abzuHSkomA=">AAACJ3icbVBNSwMxEM36bf2qevQSLIKnsiuCHlQqXjxWsK3QXUo2nW2D2eySzIpl6b/x4l/xIqiIHv0npu0etPog5PHezCTzwlQKg6776czMzs0vLC4tl1ZW19Y3yptbTZNkmkODJzLRNyEzIIWCBgqUcJNqYHEooRXeXoz81h1oIxJ1jYMUgpj1lIgEZ2ilTvnsnp5SX0KEbT+EnlA505oNhjkf0ib1fXrROZ9cdeqD6hY29bXo9THolCtu1R2D/iVeQSqkQL1TfvG7Cc9iUMglM6btuSkGdioKLmFY8jMDKeO3rAdtSxWLwQT5eM8h3bNKl0aJtkchHas/O3IWGzOIQ1sZM+ybaW8k/ue1M4yOg1yoNENQfPJQlEmKCR2FRrtCA0c5sIRxLexfKe8zzTjaaEs2BG965b+keVD13Kp3dVipnRRxLJEdskv2iUeOSI1ckjppEE4eyBN5JW/Oo/PsvDsfk9IZp+jZJr/gfH0DtSOlNw==</latexit><latexit sha1_base64="ysGkfhHe9gV0Jvw06abzuHSkomA=">AAACJ3icbVBNSwMxEM36bf2qevQSLIKnsiuCHlQqXjxWsK3QXUo2nW2D2eySzIpl6b/x4l/xIqiIHv0npu0etPog5PHezCTzwlQKg6776czMzs0vLC4tl1ZW19Y3yptbTZNkmkODJzLRNyEzIIWCBgqUcJNqYHEooRXeXoz81h1oIxJ1jYMUgpj1lIgEZ2ilTvnsnp5SX0KEbT+EnlA505oNhjkf0ib1fXrROZ9cdeqD6hY29bXo9THolCtu1R2D/iVeQSqkQL1TfvG7Cc9iUMglM6btuSkGdioKLmFY8jMDKeO3rAdtSxWLwQT5eM8h3bNKl0aJtkchHas/O3IWGzOIQ1sZM+ybaW8k/ue1M4yOg1yoNENQfPJQlEmKCR2FRrtCA0c5sIRxLexfKe8zzTjaaEs2BG965b+keVD13Kp3dVipnRRxLJEdskv2iUeOSI1ckjppEE4eyBN5JW/Oo/PsvDsfk9IZp+jZJr/gfH0DtSOlNw==</latexit><latexit sha1_base64="ysGkfhHe9gV0Jvw06abzuHSkomA=">AAACJ3icbVBNSwMxEM36bf2qevQSLIKnsiuCHlQqXjxWsK3QXUo2nW2D2eySzIpl6b/x4l/xIqiIHv0npu0etPog5PHezCTzwlQKg6776czMzs0vLC4tl1ZW19Y3yptbTZNkmkODJzLRNyEzIIWCBgqUcJNqYHEooRXeXoz81h1oIxJ1jYMUgpj1lIgEZ2ilTvnsnp5SX0KEbT+EnlA505oNhjkf0ib1fXrROZ9cdeqD6hY29bXo9THolCtu1R2D/iVeQSqkQL1TfvG7Cc9iUMglM6btuSkGdioKLmFY8jMDKeO3rAdtSxWLwQT5eM8h3bNKl0aJtkchHas/O3IWGzOIQ1sZM+ybaW8k/ue1M4yOg1yoNENQfPJQlEmKCR2FRrtCA0c5sIRxLexfKe8zzTjaaEs2BG965b+keVD13Kp3dVipnRRxLJEdskv2iUeOSI1ckjppEE4eyBN5JW/Oo/PsvDsfk9IZp+jZJr/gfH0DtSOlNw==</latexit>

Input Variables

u =

2

4
Fi

F
CAi

3

5

<latexit sha1_base64="KZuAwLYnnyXyNhWHy921YcBgHsM="></latexit><latexit sha1_base64="KZuAwLYnnyXyNhWHy921YcBgHsM="></latexit><latexit sha1_base64="KZuAwLYnnyXyNhWHy921YcBgHsM="></latexit><latexit sha1_base64="KZuAwLYnnyXyNhWHy921YcBgHsM="></latexit>

Parameters

p = [k]
<latexit sha1_base64="U5aR9wXZQN/qaFri3LdC2eInnS0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoAeFghePFewHJKFstpt26WYTdidCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWEquAbH+bYqa+sbm1vV7drO7t7+gX141NVJpijr0EQkqh8SzQSXrAMcBOunipE4FKwXTm5nfu+RKc0T+QB5yoKYjCSPOCVgpIFdT/EN9gWLwJtgX/HRGIKB3XCazhx4lbglaaAS7YH95Q8TmsVMAhVEa891UggKooBTwaY1P9MsJXRCRswzVJKY6aCYHz/Fp0YZ4ihRpiTgufp7oiCx1nkcms6YwFgvezPxP8/LILoKCi7TDJiki0VRJjAkeJYEHnLFKIjcEEIVN7diOiaKUDB51UwI7vLLq6R73nSdpnt/0Whdl3FU0TE6QWfIRZeohe5QG3UQRTl6Rq/ozXqyXqx362PRWrHKmTr6A+vzB5zBlBQ=</latexit><latexit sha1_base64="U5aR9wXZQN/qaFri3LdC2eInnS0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoAeFghePFewHJKFstpt26WYTdidCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWEquAbH+bYqa+sbm1vV7drO7t7+gX141NVJpijr0EQkqh8SzQSXrAMcBOunipE4FKwXTm5nfu+RKc0T+QB5yoKYjCSPOCVgpIFdT/EN9gWLwJtgX/HRGIKB3XCazhx4lbglaaAS7YH95Q8TmsVMAhVEa891UggKooBTwaY1P9MsJXRCRswzVJKY6aCYHz/Fp0YZ4ihRpiTgufp7oiCx1nkcms6YwFgvezPxP8/LILoKCi7TDJiki0VRJjAkeJYEHnLFKIjcEEIVN7diOiaKUDB51UwI7vLLq6R73nSdpnt/0Whdl3FU0TE6QWfIRZeohe5QG3UQRTl6Rq/ozXqyXqx362PRWrHKmTr6A+vzB5zBlBQ=</latexit><latexit sha1_base64="U5aR9wXZQN/qaFri3LdC2eInnS0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoAeFghePFewHJKFstpt26WYTdidCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWEquAbH+bYqa+sbm1vV7drO7t7+gX141NVJpijr0EQkqh8SzQSXrAMcBOunipE4FKwXTm5nfu+RKc0T+QB5yoKYjCSPOCVgpIFdT/EN9gWLwJtgX/HRGIKB3XCazhx4lbglaaAS7YH95Q8TmsVMAhVEa891UggKooBTwaY1P9MsJXRCRswzVJKY6aCYHz/Fp0YZ4ihRpiTgufp7oiCx1nkcms6YwFgvezPxP8/LILoKCi7TDJiki0VRJjAkeJYEHnLFKIjcEEIVN7diOiaKUDB51UwI7vLLq6R73nSdpnt/0Whdl3FU0TE6QWfIRZeohe5QG3UQRTl6Rq/ozXqyXqx362PRWrHKmTr6A+vzB5zBlBQ=</latexit><latexit sha1_base64="U5aR9wXZQN/qaFri3LdC2eInnS0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoAeFghePFewHJKFstpt26WYTdidCCPWvePGgiFd/iDf/jds2B219MPB4b4aZeWEquAbH+bYqa+sbm1vV7drO7t7+gX141NVJpijr0EQkqh8SzQSXrAMcBOunipE4FKwXTm5nfu+RKc0T+QB5yoKYjCSPOCVgpIFdT/EN9gWLwJtgX/HRGIKB3XCazhx4lbglaaAS7YH95Q8TmsVMAhVEa891UggKooBTwaY1P9MsJXRCRswzVJKY6aCYHz/Fp0YZ4ihRpiTgufp7oiCx1nkcms6YwFgvezPxP8/LILoKCi7TDJiki0VRJjAkeJYEHnLFKIjcEEIVN7diOiaKUDB51UwI7vLLq6R73nSdpnt/0Whdl3FU0TE6QWfIRZeohe5QG3UQRTl6Rq/ozXqyXqx362PRWrHKmTr6A+vzB5zBlBQ=</latexit>
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Energy Balance

20

Preliminary

TE (total energy) = U (internal) + KE (kinetic) + PE (potential)

negligible compared to thermal energy

For flow systems: H = U + pV

Stirred Tank Heater

Fi
<latexit sha1_base64="HYfPeW5l2+1SkzjOiOzq7+KnmfI=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAUE8RjQPSJYwO5lNhsw+mJkVQsgnePGgiFe/yJt/42wSQUULGoqqbrq7glRwpTH+sAorq2vrG8XN0tb2zu5eef+gpZJMUtakiUhkJyCKCR6zpuZasE4qGYkCwdrB+DL32/dMKp7Ed3qSMj8iw5iHnBJtpNurPu+XK9jGruc6GGHbxY53nhPPq1VdFzk2nqMCSzT65ffeIKFZxGJNBVGq6+BU+1MiNaeCzUq9TLGU0DEZsq6hMYmY8qfzU2foxCgDFCbSVKzRXP0+MSWRUpMoMJ0R0SP128vFv7xupsOaP+VxmmkW08WiMBNIJyj/Gw24ZFSLiSGESm5uRXREJKHapFMyIXx9iv4nrTPbwbZzU63Ua8s4inAEx3AKDlxAHa6hAU2gMIQHeIJnS1iP1ov1umgtWMuZQ/gB6+0Tga+N6g==</latexit><latexit sha1_base64="HYfPeW5l2+1SkzjOiOzq7+KnmfI=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAUE8RjQPSJYwO5lNhsw+mJkVQsgnePGgiFe/yJt/42wSQUULGoqqbrq7glRwpTH+sAorq2vrG8XN0tb2zu5eef+gpZJMUtakiUhkJyCKCR6zpuZasE4qGYkCwdrB+DL32/dMKp7Ed3qSMj8iw5iHnBJtpNurPu+XK9jGruc6GGHbxY53nhPPq1VdFzk2nqMCSzT65ffeIKFZxGJNBVGq6+BU+1MiNaeCzUq9TLGU0DEZsq6hMYmY8qfzU2foxCgDFCbSVKzRXP0+MSWRUpMoMJ0R0SP128vFv7xupsOaP+VxmmkW08WiMBNIJyj/Gw24ZFSLiSGESm5uRXREJKHapFMyIXx9iv4nrTPbwbZzU63Ua8s4inAEx3AKDlxAHa6hAU2gMIQHeIJnS1iP1ov1umgtWMuZQ/gB6+0Tga+N6g==</latexit><latexit sha1_base64="HYfPeW5l2+1SkzjOiOzq7+KnmfI=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAUE8RjQPSJYwO5lNhsw+mJkVQsgnePGgiFe/yJt/42wSQUULGoqqbrq7glRwpTH+sAorq2vrG8XN0tb2zu5eef+gpZJMUtakiUhkJyCKCR6zpuZasE4qGYkCwdrB+DL32/dMKp7Ed3qSMj8iw5iHnBJtpNurPu+XK9jGruc6GGHbxY53nhPPq1VdFzk2nqMCSzT65ffeIKFZxGJNBVGq6+BU+1MiNaeCzUq9TLGU0DEZsq6hMYmY8qfzU2foxCgDFCbSVKzRXP0+MSWRUpMoMJ0R0SP128vFv7xupsOaP+VxmmkW08WiMBNIJyj/Gw24ZFSLiSGESm5uRXREJKHapFMyIXx9iv4nrTPbwbZzU63Ua8s4inAEx3AKDlxAHa6hAU2gMIQHeIJnS1iP1ov1umgtWMuZQ/gB6+0Tga+N6g==</latexit><latexit sha1_base64="HYfPeW5l2+1SkzjOiOzq7+KnmfI=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAUE8RjQPSJYwO5lNhsw+mJkVQsgnePGgiFe/yJt/42wSQUULGoqqbrq7glRwpTH+sAorq2vrG8XN0tb2zu5eef+gpZJMUtakiUhkJyCKCR6zpuZasE4qGYkCwdrB+DL32/dMKp7Ed3qSMj8iw5iHnBJtpNurPu+XK9jGruc6GGHbxY53nhPPq1VdFzk2nqMCSzT65ffeIKFZxGJNBVGq6+BU+1MiNaeCzUq9TLGU0DEZsq6hMYmY8qfzU2foxCgDFCbSVKzRXP0+MSWRUpMoMJ0R0SP128vFv7xupsOaP+VxmmkW08WiMBNIJyj/Gw24ZFSLiSGESm5uRXREJKHapFMyIXx9iv4nrTPbwbZzU63Ua8s4inAEx3AKDlxAHa6hAU2gMIQHeIJnS1iP1ov1umgtWMuZQ/gB6+0Tga+N6g==</latexit>

Ti
<latexit sha1_base64="Bn+1JRkZbw43R2sU3QIATQSmMp4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLCa3gBePEfOCZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYfVmFtfWNzq7hd2tnd2z8oHx51VJxKyto0FrHs+UQxwSPW1lwL1kskI6EvWNefXud+955JxeOopWcJ80IyjnjAKdFGumsN+bBcwTZ2666DEbZd7NQvc1Kv16quixwbL1CBFZrD8vtgFNM0ZJGmgijVd3CivYxIzalg89IgVSwhdErGrG9oREKmvGxx6hydGWWEgliaijRaqN8nMhIqNQt90xkSPVG/vVz8y+unOqh5GY+SVLOILhcFqUA6RvnfaMQlo1rMDCFUcnMrohMiCdUmnZIJ4etT9D/pXNgOtp3baqVRW8VRhBM4hXNw4AoacANNaAOFMTzAEzxbwnq0XqzXZWvBWs0cww9Yb5+XA434</latexit><latexit sha1_base64="Bn+1JRkZbw43R2sU3QIATQSmMp4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLCa3gBePEfOCZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYfVmFtfWNzq7hd2tnd2z8oHx51VJxKyto0FrHs+UQxwSPW1lwL1kskI6EvWNefXud+955JxeOopWcJ80IyjnjAKdFGumsN+bBcwTZ2666DEbZd7NQvc1Kv16quixwbL1CBFZrD8vtgFNM0ZJGmgijVd3CivYxIzalg89IgVSwhdErGrG9oREKmvGxx6hydGWWEgliaijRaqN8nMhIqNQt90xkSPVG/vVz8y+unOqh5GY+SVLOILhcFqUA6RvnfaMQlo1rMDCFUcnMrohMiCdUmnZIJ4etT9D/pXNgOtp3baqVRW8VRhBM4hXNw4AoacANNaAOFMTzAEzxbwnq0XqzXZWvBWs0cww9Yb5+XA434</latexit><latexit sha1_base64="Bn+1JRkZbw43R2sU3QIATQSmMp4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLCa3gBePEfOCZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYfVmFtfWNzq7hd2tnd2z8oHx51VJxKyto0FrHs+UQxwSPW1lwL1kskI6EvWNefXud+955JxeOopWcJ80IyjnjAKdFGumsN+bBcwTZ2666DEbZd7NQvc1Kv16quixwbL1CBFZrD8vtgFNM0ZJGmgijVd3CivYxIzalg89IgVSwhdErGrG9oREKmvGxx6hydGWWEgliaijRaqN8nMhIqNQt90xkSPVG/vVz8y+unOqh5GY+SVLOILhcFqUA6RvnfaMQlo1rMDCFUcnMrohMiCdUmnZIJ4etT9D/pXNgOtp3baqVRW8VRhBM4hXNw4AoacANNaAOFMTzAEzxbwnq0XqzXZWvBWs0cww9Yb5+XA434</latexit><latexit sha1_base64="Bn+1JRkZbw43R2sU3QIATQSmMp4=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLCa3gBePEfOCZAmzk9lkyOyDmVkhLPkELx4U8eoXefNvnE0iqGhBQ1HVTXeXnwiuNMYfVmFtfWNzq7hd2tnd2z8oHx51VJxKyto0FrHs+UQxwSPW1lwL1kskI6EvWNefXud+955JxeOopWcJ80IyjnjAKdFGumsN+bBcwTZ2666DEbZd7NQvc1Kv16quixwbL1CBFZrD8vtgFNM0ZJGmgijVd3CivYxIzalg89IgVSwhdErGrG9oREKmvGxx6hydGWWEgliaijRaqN8nMhIqNQt90xkSPVG/vVz8y+unOqh5GY+SVLOILhcFqUA6RvnfaMQlo1rMDCFUcnMrohMiCdUmnZIJ4etT9D/pXNgOtp3baqVRW8VRhBM4hXNw4AoacANNaAOFMTzAEzxbwnq0XqzXZWvBWs0cww9Yb5+XA434</latexit> V

<latexit sha1_base64="AJkl134zNh2fSD6oPi4ut/WtOBA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO5kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpTH+sApr6xubW8Xt0s7u3v5B+fCoreJUUtaisYhlNyCKCR6xluZasG4iGQkDwTrB9Dr3O/dMKh5Ht3qWMD8k44iPOCXaSM32oFzBNnY918EI2y52vMuceF6t6rrIsfECFVihMSi/94cxTUMWaSqIUj0HJ9rPiNScCjYv9VPFEkKnZMx6hkYkZMrPFofO0ZlRhmgUS1ORRgv1+0RGQqVmYWA6Q6In6reXi395vVSPan7GoyTVLKLLRaNUIB2j/Gs05JJRLWaGECq5uRXRCZGEapNNyYTw9Sn6n7QvbAfbTrNaqddWcRThBE7hHBy4gjrcQANaQIHBAzzBs3VnPVov1uuytWCtZo7hB6y3TyALjR4=</latexit><latexit sha1_base64="AJkl134zNh2fSD6oPi4ut/WtOBA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO5kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpTH+sApr6xubW8Xt0s7u3v5B+fCoreJUUtaisYhlNyCKCR6xluZasG4iGQkDwTrB9Dr3O/dMKh5Ht3qWMD8k44iPOCXaSM32oFzBNnY918EI2y52vMuceF6t6rrIsfECFVihMSi/94cxTUMWaSqIUj0HJ9rPiNScCjYv9VPFEkKnZMx6hkYkZMrPFofO0ZlRhmgUS1ORRgv1+0RGQqVmYWA6Q6In6reXi395vVSPan7GoyTVLKLLRaNUIB2j/Gs05JJRLWaGECq5uRXRCZGEapNNyYTw9Sn6n7QvbAfbTrNaqddWcRThBE7hHBy4gjrcQANaQIHBAzzBs3VnPVov1uuytWCtZo7hB6y3TyALjR4=</latexit><latexit sha1_base64="AJkl134zNh2fSD6oPi4ut/WtOBA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO5kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpTH+sApr6xubW8Xt0s7u3v5B+fCoreJUUtaisYhlNyCKCR6xluZasG4iGQkDwTrB9Dr3O/dMKh5Ht3qWMD8k44iPOCXaSM32oFzBNnY918EI2y52vMuceF6t6rrIsfECFVihMSi/94cxTUMWaSqIUj0HJ9rPiNScCjYv9VPFEkKnZMx6hkYkZMrPFofO0ZlRhmgUS1ORRgv1+0RGQqVmYWA6Q6In6reXi395vVSPan7GoyTVLKLLRaNUIB2j/Gs05JJRLWaGECq5uRXRCZGEapNNyYTw9Sn6n7QvbAfbTrNaqddWcRThBE7hHBy4gjrcQANaQIHBAzzBs3VnPVov1uuytWCtZo7hB6y3TyALjR4=</latexit><latexit sha1_base64="AJkl134zNh2fSD6oPi4ut/WtOBA=">AAAB6HicdVDLSgNBEOyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO5kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpTH+sApr6xubW8Xt0s7u3v5B+fCoreJUUtaisYhlNyCKCR6xluZasG4iGQkDwTrB9Dr3O/dMKh5Ht3qWMD8k44iPOCXaSM32oFzBNnY918EI2y52vMuceF6t6rrIsfECFVihMSi/94cxTUMWaSqIUj0HJ9rPiNScCjYv9VPFEkKnZMx6hkYkZMrPFofO0ZlRhmgUS1ORRgv1+0RGQqVmYWA6Q6In6reXi395vVSPan7GoyTVLKLLRaNUIB2j/Gs05JJRLWaGECq5uRXRCZGEapNNyYTw9Sn6n7QvbAfbTrNaqddWcRThBE7hHBy4gjrcQANaQIHBAzzBs3VnPVov1uuytWCtZo7hB6y3TyALjR4=</latexit>

T
<latexit sha1_base64="UNdSg571ZqBmPQnzV+0+ea4vjXA=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ49mMHMLePGYQDZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qquoFqeBKE/Jhra1vbG5tF3aKu3v7B4elo+O2SjLJoMUSkchuQBUIHkNLcy2gm0qgUSCgE0xu5n7nHqTiSdzU0xT8iI5iHnJGtZEazUGpTGzieq5DMLFd4nhXc+J51YrrYscmC5TRCvVB6b0/TFgWQayZoEr1HJJqP6dScyZgVuxnClLKJnQEPUNjGoHy88WhM3xulCEOE2kq1nihfp/IaaTUNApMZ0T1WP325uJfXi/TYdXPeZxmGmK2XBRmAusEz7/GQy6BaTE1hDLJza2YjamkTJtsiiaEr0/x/6R9aTvEdhqVcq26iqOATtEZukAOukY1dIvqqIUYAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+AR0DjRw=</latexit><latexit sha1_base64="UNdSg571ZqBmPQnzV+0+ea4vjXA=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ49mMHMLePGYQDZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qquoFqeBKE/Jhra1vbG5tF3aKu3v7B4elo+O2SjLJoMUSkchuQBUIHkNLcy2gm0qgUSCgE0xu5n7nHqTiSdzU0xT8iI5iHnJGtZEazUGpTGzieq5DMLFd4nhXc+J51YrrYscmC5TRCvVB6b0/TFgWQayZoEr1HJJqP6dScyZgVuxnClLKJnQEPUNjGoHy88WhM3xulCEOE2kq1nihfp/IaaTUNApMZ0T1WP325uJfXi/TYdXPeZxmGmK2XBRmAusEz7/GQy6BaTE1hDLJza2YjamkTJtsiiaEr0/x/6R9aTvEdhqVcq26iqOATtEZukAOukY1dIvqqIUYAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+AR0DjRw=</latexit><latexit sha1_base64="UNdSg571ZqBmPQnzV+0+ea4vjXA=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ49mMHMLePGYQDZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qquoFqeBKE/Jhra1vbG5tF3aKu3v7B4elo+O2SjLJoMUSkchuQBUIHkNLcy2gm0qgUSCgE0xu5n7nHqTiSdzU0xT8iI5iHnJGtZEazUGpTGzieq5DMLFd4nhXc+J51YrrYscmC5TRCvVB6b0/TFgWQayZoEr1HJJqP6dScyZgVuxnClLKJnQEPUNjGoHy88WhM3xulCEOE2kq1nihfp/IaaTUNApMZ0T1WP325uJfXi/TYdXPeZxmGmK2XBRmAusEz7/GQy6BaTE1hDLJza2YjamkTJtsiiaEr0/x/6R9aTvEdhqVcq26iqOATtEZukAOukY1dIvqqIUYAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+AR0DjRw=</latexit><latexit sha1_base64="UNdSg571ZqBmPQnzV+0+ea4vjXA=">AAAB6HicdVDJSgNBEO1xjXGLevTSGARPQ49mMHMLePGYQDZIhtDTqUna9Cx09whhyBd48aCIVz/Jm39jZxFU9EHB470qquoFqeBKE/Jhra1vbG5tF3aKu3v7B4elo+O2SjLJoMUSkchuQBUIHkNLcy2gm0qgUSCgE0xu5n7nHqTiSdzU0xT8iI5iHnJGtZEazUGpTGzieq5DMLFd4nhXc+J51YrrYscmC5TRCvVB6b0/TFgWQayZoEr1HJJqP6dScyZgVuxnClLKJnQEPUNjGoHy88WhM3xulCEOE2kq1nihfp/IaaTUNApMZ0T1WP325uJfXi/TYdXPeZxmGmK2XBRmAusEz7/GQy6BaTE1hDLJza2YjamkTJtsiiaEr0/x/6R9aTvEdhqVcq26iqOATtEZukAOukY1dIvqqIUYAvSAntCzdWc9Wi/W67J1zVrNnKAfsN4+AR0DjRw=</latexit>

Q
<latexit sha1_base64="bcCS3UcaLltr4x/+yYkieOUC3NM=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO+kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpQn5sApr6xubW8Xt0s7u3v5B+fCoreJUMmixWMSyG1AFgkfQ0lwL6CYSaBgI6ATT69zv3INUPI5u9SwBP6TjiI84o9pIzeagXCE2cT3XIZjYLnG8y5x4Xq3qutixyQIVtEJjUH7vD2OWhhBpJqhSPYck2s+o1JwJmJf6qYKEsikdQ8/QiIag/Gxx6ByfGWWIR7E0FWm8UL9PZDRUahYGpjOkeqJ+e7n4l9dL9ajmZzxKUg0RWy4apQLrGOdf4yGXwLSYGUKZ5OZWzCZUUqZNNiUTwten+H/SvrAdYjvNaqVeW8VRRCfoFJ0jB12hOrpBDdRCDAF6QE/o2bqzHq0X63XZWrBWM8foB6y3Txh3jRk=</latexit><latexit sha1_base64="bcCS3UcaLltr4x/+yYkieOUC3NM=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO+kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpQn5sApr6xubW8Xt0s7u3v5B+fCoreJUMmixWMSyG1AFgkfQ0lwL6CYSaBgI6ATT69zv3INUPI5u9SwBP6TjiI84o9pIzeagXCE2cT3XIZjYLnG8y5x4Xq3qutixyQIVtEJjUH7vD2OWhhBpJqhSPYck2s+o1JwJmJf6qYKEsikdQ8/QiIag/Gxx6ByfGWWIR7E0FWm8UL9PZDRUahYGpjOkeqJ+e7n4l9dL9ajmZzxKUg0RWy4apQLrGOdf4yGXwLSYGUKZ5OZWzCZUUqZNNiUTwten+H/SvrAdYjvNaqVeW8VRRCfoFJ0jB12hOrpBDdRCDAF6QE/o2bqzHq0X63XZWrBWM8foB6y3Txh3jRk=</latexit><latexit sha1_base64="bcCS3UcaLltr4x/+yYkieOUC3NM=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO+kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpQn5sApr6xubW8Xt0s7u3v5B+fCoreJUMmixWMSyG1AFgkfQ0lwL6CYSaBgI6ATT69zv3INUPI5u9SwBP6TjiI84o9pIzeagXCE2cT3XIZjYLnG8y5x4Xq3qutixyQIVtEJjUH7vD2OWhhBpJqhSPYck2s+o1JwJmJf6qYKEsikdQ8/QiIag/Gxx6ByfGWWIR7E0FWm8UL9PZDRUahYGpjOkeqJ+e7n4l9dL9ajmZzxKUg0RWy4apQLrGOdf4yGXwLSYGUKZ5OZWzCZUUqZNNiUTwten+H/SvrAdYjvNaqVeW8VRRCfoFJ0jB12hOrpBDdRCDAF6QE/o2bqzHq0X63XZWrBWM8foB6y3Txh3jRk=</latexit><latexit sha1_base64="bcCS3UcaLltr4x/+yYkieOUC3NM=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgaZnVLGZvAS8eEzAPSJYwO+kkY2YfzMwKYckXePGgiFc/yZt/42wSQUULGoqqbrq7gkRwpQn5sApr6xubW8Xt0s7u3v5B+fCoreJUMmixWMSyG1AFgkfQ0lwL6CYSaBgI6ATT69zv3INUPI5u9SwBP6TjiI84o9pIzeagXCE2cT3XIZjYLnG8y5x4Xq3qutixyQIVtEJjUH7vD2OWhhBpJqhSPYck2s+o1JwJmJf6qYKEsikdQ8/QiIag/Gxx6ByfGWWIR7E0FWm8UL9PZDRUahYGpjOkeqJ+e7n4l9dL9ajmZzxKUg0RWy4apQLrGOdf4yGXwLSYGUKZ5OZWzCZUUqZNNiUTwten+H/SvrAdYjvNaqVeW8VRRCfoFJ0jB12hOrpBDdRCDAF6QE/o2bqzHq0X63XZWrBWM8foB6y3Txh3jRk=</latexit>

F, T
<latexit sha1_base64="MdniHfLqwBE4BzCbpZGkKMI84Qo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwIWGiDTa7giAuK/QFbSiT6aQdOpmEmYlQQv0ENy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c4dlYrFoqmnCfUjPBIsZATrXLo+u28OyhVkI9dzHQSR7SLHu8iJ59WqrgsdG81RAUs0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42v3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ5rfsZEkmoqyGJRmHKoY5g/DodMUqL51BBMJDO3QjLGEhNt4imZEL4+hf+T9rntINu5rVbqtWUcRXAEjsEpcMAlqIMb0AAtQMAYPIAn8GxF1qP1Yr0uWgvWcuYQ/ID19gn5LI4q</latexit><latexit sha1_base64="MdniHfLqwBE4BzCbpZGkKMI84Qo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwIWGiDTa7giAuK/QFbSiT6aQdOpmEmYlQQv0ENy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c4dlYrFoqmnCfUjPBIsZATrXLo+u28OyhVkI9dzHQSR7SLHu8iJ59WqrgsdG81RAUs0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42v3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ5rfsZEkmoqyGJRmHKoY5g/DodMUqL51BBMJDO3QjLGEhNt4imZEL4+hf+T9rntINu5rVbqtWUcRXAEjsEpcMAlqIMb0AAtQMAYPIAn8GxF1qP1Yr0uWgvWcuYQ/ID19gn5LI4q</latexit><latexit sha1_base64="MdniHfLqwBE4BzCbpZGkKMI84Qo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwIWGiDTa7giAuK/QFbSiT6aQdOpmEmYlQQv0ENy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c4dlYrFoqmnCfUjPBIsZATrXLo+u28OyhVkI9dzHQSR7SLHu8iJ59WqrgsdG81RAUs0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42v3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ5rfsZEkmoqyGJRmHKoY5g/DodMUqL51BBMJDO3QjLGEhNt4imZEL4+hf+T9rntINu5rVbqtWUcRXAEjsEpcMAlqIMb0AAtQMAYPIAn8GxF1qP1Yr0uWgvWcuYQ/ID19gn5LI4q</latexit><latexit sha1_base64="MdniHfLqwBE4BzCbpZGkKMI84Qo=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwIWGiDTa7giAuK/QFbSiT6aQdOpmEmYlQQv0ENy4UcesPufNvnLQVVPTAhcM593LvPUHCmdIIfViFldW19Y3iZmlre2d3r7x/0FZxKgltkZjHshtgRTkTtKWZ5rSbSIqjgNNOMLnK/c4dlYrFoqmnCfUjPBIsZATrXLo+u28OyhVkI9dzHQSR7SLHu8iJ59WqrgsdG81RAUs0BuX3/jAmaUSFJhwr1XNQov0MS80Ip7NSP1U0wWSCR7RnqMARVX42v3UGT4wyhGEsTQkN5+r3iQxHSk2jwHRGWI/Vby8X//J6qQ5rfsZEkmoqyGJRmHKoY5g/DodMUqL51BBMJDO3QjLGEhNt4imZEL4+hf+T9rntINu5rVbqtWUcRXAEjsEpcMAlqIMb0AAtQMAYPIAn8GxF1qP1Yr0uWgvWcuYQ/ID19gn5LI4q</latexit>

Assume

Fi, Ti can vary 
Tank is insulated 
Q (rate of heat added per time) can vary

Develop a model to find the tank liquid temperature as a function of time
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Material Balance

Energy Balance

d(V ⇢)

dt
= Fi⇢i � F⇢

<latexit sha1_base64="wOSx+JG8iOU4KPKYkiEj9iB042E=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQ5sHRiqAXYSAMjxPcC6xlpGm6haVNSVJhlH4FL34VLx4U8erNm9/GtOtBNx8I+fH/Pw/J8/diRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz3JE4FJF3PGxcBDkjAaka6iipFBLAgKPUb63vQm9/sPREjKo3s1i4kbonFEA4qR0tLIbDiBQDj1Gz1HTPhplvoqg9ewPaIwF/R1BtsFmXWraRUFl8EuoQ7K6ozML8fnOAlJpDBDUg5tK1ZuioSimJGs5iSSxAhP0ZgMNUYoJNJNi40yeKIVHwZc6BMpWKi/J1IUSjkLPd0ZIjWRi14u/ucNExVcuSmN4kSRCM8fChIGFYd5PNCngmDFZhoQFlT/FeIJ0hEpHWJNh2AvrrwMvfOmbTXtu4t6q1XGUQVH4Bg0gA0uQQvcgg7oAgwewTN4BW/Gk/FivBsf89aKUc4cgj9lfP4AcLacGQ==</latexit><latexit sha1_base64="wOSx+JG8iOU4KPKYkiEj9iB042E=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQ5sHRiqAXYSAMjxPcC6xlpGm6haVNSVJhlH4FL34VLx4U8erNm9/GtOtBNx8I+fH/Pw/J8/diRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz3JE4FJF3PGxcBDkjAaka6iipFBLAgKPUb63vQm9/sPREjKo3s1i4kbonFEA4qR0tLIbDiBQDj1Gz1HTPhplvoqg9ewPaIwF/R1BtsFmXWraRUFl8EuoQ7K6ozML8fnOAlJpDBDUg5tK1ZuioSimJGs5iSSxAhP0ZgMNUYoJNJNi40yeKIVHwZc6BMpWKi/J1IUSjkLPd0ZIjWRi14u/ucNExVcuSmN4kSRCM8fChIGFYd5PNCngmDFZhoQFlT/FeIJ0hEpHWJNh2AvrrwMvfOmbTXtu4t6q1XGUQVH4Bg0gA0uQQvcgg7oAgwewTN4BW/Gk/FivBsf89aKUc4cgj9lfP4AcLacGQ==</latexit><latexit sha1_base64="wOSx+JG8iOU4KPKYkiEj9iB042E=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQ5sHRiqAXYSAMjxPcC6xlpGm6haVNSVJhlH4FL34VLx4U8erNm9/GtOtBNx8I+fH/Pw/J8/diRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz3JE4FJF3PGxcBDkjAaka6iipFBLAgKPUb63vQm9/sPREjKo3s1i4kbonFEA4qR0tLIbDiBQDj1Gz1HTPhplvoqg9ewPaIwF/R1BtsFmXWraRUFl8EuoQ7K6ozML8fnOAlJpDBDUg5tK1ZuioSimJGs5iSSxAhP0ZgMNUYoJNJNi40yeKIVHwZc6BMpWKi/J1IUSjkLPd0ZIjWRi14u/ucNExVcuSmN4kSRCM8fChIGFYd5PNCngmDFZhoQFlT/FeIJ0hEpHWJNh2AvrrwMvfOmbTXtu4t6q1XGUQVH4Bg0gA0uQQvcgg7oAgwewTN4BW/Gk/FivBsf89aKUc4cgj9lfP4AcLacGQ==</latexit><latexit sha1_base64="wOSx+JG8iOU4KPKYkiEj9iB042E=">AAACEXicbZBNS8MwGMfT+TbnW9Wjl+AQ5sHRiqAXYSAMjxPcC6xlpGm6haVNSVJhlH4FL34VLx4U8erNm9/GtOtBNx8I+fH/Pw/J8/diRqWyrG+jsrK6tr5R3axtbe/s7pn7Bz3JE4FJF3PGxcBDkjAaka6iipFBLAgKPUb63vQm9/sPREjKo3s1i4kbonFEA4qR0tLIbDiBQDj1Gz1HTPhplvoqg9ewPaIwF/R1BtsFmXWraRUFl8EuoQ7K6ozML8fnOAlJpDBDUg5tK1ZuioSimJGs5iSSxAhP0ZgMNUYoJNJNi40yeKIVHwZc6BMpWKi/J1IUSjkLPd0ZIjWRi14u/ucNExVcuSmN4kSRCM8fChIGFYd5PNCngmDFZhoQFlT/FeIJ0hEpHWJNh2AvrrwMvfOmbTXtu4t6q1XGUQVH4Bg0gA0uQQvcgg7oAgwewTN4BW/Gk/FivBsf89aKUc4cgj9lfP4AcLacGQ==</latexit>

dTE

dt
= Fi⇢i ˆTEi � F⇢ ˆTE +Q+WT

<latexit sha1_base64="GRoiGJhYA4FcBHezyQpWYddIcck="></latexit><latexit sha1_base64="GRoiGJhYA4FcBHezyQpWYddIcck="></latexit><latexit sha1_base64="GRoiGJhYA4FcBHezyQpWYddIcck="></latexit><latexit sha1_base64="GRoiGJhYA4FcBHezyQpWYddIcck="></latexit>

work done on the system

We neglect the kinetic and potential energy:

dU

dt
= Fi⇢iÛi � F⇢Û +Q+WT

<latexit sha1_base64="pD5nCrMNuXMzYR+dvCJlNU4jGFU=">AAACKHicbVDLSsNAFJ34rPVVdelmsAiCWBIRFEEsCMVlC01baEuYTCbt0MmDmRuhhHyOG3/FjYgi3folTtsstPXAZQ7n3Mude9xYcAWmOTFWVtfWNzYLW8Xtnd29/dLBYUtFiaTMppGIZMcligkeMhs4CNaJJSOBK1jbHT1M/fYTk4pHYRPGMesHZBByn1MCWnJK9z1fEpp6dpZ6kOE7XHM47slhNH2GBFLb4Rm+wLWZmEsZPscNXW2n6ZTKZsWcAS8TKydllKPulN57XkSTgIVABVGqa5kx9FMigVPBsmIvUSwmdEQGrKtpSAKm+uns0AyfasXDfiR1hYBn6u+JlARKjQNXdwYEhmrRm4r/ed0E/Jt+ysM4ARbS+SI/ERgiPE0Ne1wyCmKsCaGS679iOiQ6OdDZFnUI1uLJy6R1WbHMitW4Kldv8zgK6BidoDNkoWtURY+ojmxE0TN6RR/o03gx3owvYzJvXTHymSP0B8b3D0u6pCc=</latexit><latexit sha1_base64="pD5nCrMNuXMzYR+dvCJlNU4jGFU=">AAACKHicbVDLSsNAFJ34rPVVdelmsAiCWBIRFEEsCMVlC01baEuYTCbt0MmDmRuhhHyOG3/FjYgi3folTtsstPXAZQ7n3Mude9xYcAWmOTFWVtfWNzYLW8Xtnd29/dLBYUtFiaTMppGIZMcligkeMhs4CNaJJSOBK1jbHT1M/fYTk4pHYRPGMesHZBByn1MCWnJK9z1fEpp6dpZ6kOE7XHM47slhNH2GBFLb4Rm+wLWZmEsZPscNXW2n6ZTKZsWcAS8TKydllKPulN57XkSTgIVABVGqa5kx9FMigVPBsmIvUSwmdEQGrKtpSAKm+uns0AyfasXDfiR1hYBn6u+JlARKjQNXdwYEhmrRm4r/ed0E/Jt+ysM4ARbS+SI/ERgiPE0Ne1wyCmKsCaGS679iOiQ6OdDZFnUI1uLJy6R1WbHMitW4Kldv8zgK6BidoDNkoWtURY+ojmxE0TN6RR/o03gx3owvYzJvXTHymSP0B8b3D0u6pCc=</latexit><latexit sha1_base64="pD5nCrMNuXMzYR+dvCJlNU4jGFU=">AAACKHicbVDLSsNAFJ34rPVVdelmsAiCWBIRFEEsCMVlC01baEuYTCbt0MmDmRuhhHyOG3/FjYgi3folTtsstPXAZQ7n3Mude9xYcAWmOTFWVtfWNzYLW8Xtnd29/dLBYUtFiaTMppGIZMcligkeMhs4CNaJJSOBK1jbHT1M/fYTk4pHYRPGMesHZBByn1MCWnJK9z1fEpp6dpZ6kOE7XHM47slhNH2GBFLb4Rm+wLWZmEsZPscNXW2n6ZTKZsWcAS8TKydllKPulN57XkSTgIVABVGqa5kx9FMigVPBsmIvUSwmdEQGrKtpSAKm+uns0AyfasXDfiR1hYBn6u+JlARKjQNXdwYEhmrRm4r/ed0E/Jt+ysM4ARbS+SI/ERgiPE0Ne1wyCmKsCaGS679iOiQ6OdDZFnUI1uLJy6R1WbHMitW4Kldv8zgK6BidoDNkoWtURY+ojmxE0TN6RR/o03gx3owvYzJvXTHymSP0B8b3D0u6pCc=</latexit><latexit sha1_base64="pD5nCrMNuXMzYR+dvCJlNU4jGFU=">AAACKHicbVDLSsNAFJ34rPVVdelmsAiCWBIRFEEsCMVlC01baEuYTCbt0MmDmRuhhHyOG3/FjYgi3folTtsstPXAZQ7n3Mude9xYcAWmOTFWVtfWNzYLW8Xtnd29/dLBYUtFiaTMppGIZMcligkeMhs4CNaJJSOBK1jbHT1M/fYTk4pHYRPGMesHZBByn1MCWnJK9z1fEpp6dpZ6kOE7XHM47slhNH2GBFLb4Rm+wLWZmEsZPscNXW2n6ZTKZsWcAS8TKydllKPulN57XkSTgIVABVGqa5kx9FMigVPBsmIvUSwmdEQGrKtpSAKm+uns0AyfasXDfiR1hYBn6u+JlARKjQNXdwYEhmrRm4r/ed0E/Jt+ysM4ARbS+SI/ERgiPE0Ne1wyCmKsCaGS679iOiQ6OdDZFnUI1uLJy6R1WbHMitW4Kldv8zgK6BidoDNkoWtURY+ojmxE0TN6RR/o03gx3owvYzJvXTHymSP0B8b3D0u6pCc=</latexit>

WT = Ws + Fipi � Fp
<latexit sha1_base64="OcYdmMD0wmKoOeLNO28YWGDw7iU=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgiCWRARFEApC8VihbQptCJvtpl26SZbdjVBCL/4VLx4U8erP8Oa/cftx0OqDgcd7M8zMCwVnSjvOl1VYWl5ZXSuulzY2t7Z37N29lkozSWiTpDyV7RAryllCm5ppTttCUhyHnHrh8Hbiew9UKpYmDT0S1I9xP2ERI1gbKbAPvKCBbpAXKHSKagETAUNnqCYCu+xUnCnQX+LOSRnmqAf2Z7eXkiymiSYcK9VxHaH9HEvNCKfjUjdTVGAyxH3aMTTBMVV+Pn1gjI6N0kNRKk0lGk3VnxM5jpUaxaHpjLEeqEVvIv7ndTIdXfk5S0SmaUJmi6KMI52iSRqoxyQlmo8MwUQycysiAywx0SazkgnBXXz5L2mdV1yn4t5flKvX8ziKcAhHcAIuXEIV7qAOTSAwhid4gVfr0Xq23qz3WWvBms/swy9YH9/8BJQN</latexit><latexit sha1_base64="OcYdmMD0wmKoOeLNO28YWGDw7iU=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgiCWRARFEApC8VihbQptCJvtpl26SZbdjVBCL/4VLx4U8erP8Oa/cftx0OqDgcd7M8zMCwVnSjvOl1VYWl5ZXSuulzY2t7Z37N29lkozSWiTpDyV7RAryllCm5ppTttCUhyHnHrh8Hbiew9UKpYmDT0S1I9xP2ERI1gbKbAPvKCBbpAXKHSKagETAUNnqCYCu+xUnCnQX+LOSRnmqAf2Z7eXkiymiSYcK9VxHaH9HEvNCKfjUjdTVGAyxH3aMTTBMVV+Pn1gjI6N0kNRKk0lGk3VnxM5jpUaxaHpjLEeqEVvIv7ndTIdXfk5S0SmaUJmi6KMI52iSRqoxyQlmo8MwUQycysiAywx0SazkgnBXXz5L2mdV1yn4t5flKvX8ziKcAhHcAIuXEIV7qAOTSAwhid4gVfr0Xq23qz3WWvBms/swy9YH9/8BJQN</latexit><latexit sha1_base64="OcYdmMD0wmKoOeLNO28YWGDw7iU=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgiCWRARFEApC8VihbQptCJvtpl26SZbdjVBCL/4VLx4U8erP8Oa/cftx0OqDgcd7M8zMCwVnSjvOl1VYWl5ZXSuulzY2t7Z37N29lkozSWiTpDyV7RAryllCm5ppTttCUhyHnHrh8Hbiew9UKpYmDT0S1I9xP2ERI1gbKbAPvKCBbpAXKHSKagETAUNnqCYCu+xUnCnQX+LOSRnmqAf2Z7eXkiymiSYcK9VxHaH9HEvNCKfjUjdTVGAyxH3aMTTBMVV+Pn1gjI6N0kNRKk0lGk3VnxM5jpUaxaHpjLEeqEVvIv7ndTIdXfk5S0SmaUJmi6KMI52iSRqoxyQlmo8MwUQycysiAywx0SazkgnBXXz5L2mdV1yn4t5flKvX8ziKcAhHcAIuXEIV7qAOTSAwhid4gVfr0Xq23qz3WWvBms/swy9YH9/8BJQN</latexit><latexit sha1_base64="OcYdmMD0wmKoOeLNO28YWGDw7iU=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgiCWRARFEApC8VihbQptCJvtpl26SZbdjVBCL/4VLx4U8erP8Oa/cftx0OqDgcd7M8zMCwVnSjvOl1VYWl5ZXSuulzY2t7Z37N29lkozSWiTpDyV7RAryllCm5ppTttCUhyHnHrh8Hbiew9UKpYmDT0S1I9xP2ERI1gbKbAPvKCBbpAXKHSKagETAUNnqCYCu+xUnCnQX+LOSRnmqAf2Z7eXkiymiSYcK9VxHaH9HEvNCKfjUjdTVGAyxH3aMTTBMVV+Pn1gjI6N0kNRKk0lGk3VnxM5jpUaxaHpjLEeqEVvIv7ndTIdXfk5S0SmaUJmi6KMI52iSRqoxyQlmo8MwUQycysiAywx0SazkgnBXXz5L2mdV1yn4t5flKvX8ziKcAhHcAIuXEIV7qAOTSAwhid4gVfr0Xq23qz3WWvBms/swy9YH9/8BJQN</latexit>

dU

dt
= Fi⇢i

✓
Ûi +

pi
⇢i

◆
� F⇢

✓
Ûi +

p

⇢

◆
+Q+Ws

<latexit sha1_base64="pU4T9nYaswI2BcTF9M5YRuxfkTE="></latexit><latexit sha1_base64="pU4T9nYaswI2BcTF9M5YRuxfkTE="></latexit><latexit sha1_base64="pU4T9nYaswI2BcTF9M5YRuxfkTE="></latexit><latexit sha1_base64="pU4T9nYaswI2BcTF9M5YRuxfkTE="></latexit>

dH

dt
� dpV

dt
= Fi⇢iĤi � F⇢Ĥ +Q+Ws

<latexit sha1_base64="2amEOF+O7Yao3es9LpzKgNUNBjU="></latexit><latexit sha1_base64="2amEOF+O7Yao3es9LpzKgNUNBjU="></latexit><latexit sha1_base64="2amEOF+O7Yao3es9LpzKgNUNBjU="></latexit><latexit sha1_base64="2amEOF+O7Yao3es9LpzKgNUNBjU="></latexit>

dpV

dt
= V

dp

dt
+ p

dV

dt
<latexit sha1_base64="gZ1qgvigy/ar+tCcQWdGLABp50U=">AAACG3icbZBPS8MwGMZT/875r+rRS3AIgjDaISiCMPDicYLrBlsZaZpuYWkaklQYpd/Di1/FiwdFPAke/DZmawXdfCDw8HvflzfvEwhGlXacL2tpeWV1bb2yUd3c2t7Ztff2PZWkEpM2TlgiuwFShFFO2ppqRrpCEhQHjHSC8fW03rknUtGE3+mJIH6MhpxGFCNt0MBu9COJcBYKL89CnUN4Bb0fVJBTKGBJip6BXXPqzkxw0bilqYFSrYH90Q8TnMaEa8yQUj3XEdrPkNQUM5JX+6kiAuExGpKesRzFRPnZ7LYcHhsSwiiR5nENZ/T3RIZipSZxYDpjpEdqvjaF/9V6qY4u/IxykWrCcbEoShnUCZwGBUMqCdZsYgzCkpq/QjxCJgdt4qyaENz5kxeN16i7Tt29Pas1L8s4KuAQHIET4IJz0AQ3oAXaAIMH8ARewKv1aD1bb9Z70bpklTMH4I+sz281KqF9</latexit><latexit sha1_base64="gZ1qgvigy/ar+tCcQWdGLABp50U=">AAACG3icbZBPS8MwGMZT/875r+rRS3AIgjDaISiCMPDicYLrBlsZaZpuYWkaklQYpd/Di1/FiwdFPAke/DZmawXdfCDw8HvflzfvEwhGlXacL2tpeWV1bb2yUd3c2t7Ztff2PZWkEpM2TlgiuwFShFFO2ppqRrpCEhQHjHSC8fW03rknUtGE3+mJIH6MhpxGFCNt0MBu9COJcBYKL89CnUN4Bb0fVJBTKGBJip6BXXPqzkxw0bilqYFSrYH90Q8TnMaEa8yQUj3XEdrPkNQUM5JX+6kiAuExGpKesRzFRPnZ7LYcHhsSwiiR5nENZ/T3RIZipSZxYDpjpEdqvjaF/9V6qY4u/IxykWrCcbEoShnUCZwGBUMqCdZsYgzCkpq/QjxCJgdt4qyaENz5kxeN16i7Tt29Pas1L8s4KuAQHIET4IJz0AQ3oAXaAIMH8ARewKv1aD1bb9Z70bpklTMH4I+sz281KqF9</latexit><latexit sha1_base64="gZ1qgvigy/ar+tCcQWdGLABp50U=">AAACG3icbZBPS8MwGMZT/875r+rRS3AIgjDaISiCMPDicYLrBlsZaZpuYWkaklQYpd/Di1/FiwdFPAke/DZmawXdfCDw8HvflzfvEwhGlXacL2tpeWV1bb2yUd3c2t7Ztff2PZWkEpM2TlgiuwFShFFO2ppqRrpCEhQHjHSC8fW03rknUtGE3+mJIH6MhpxGFCNt0MBu9COJcBYKL89CnUN4Bb0fVJBTKGBJip6BXXPqzkxw0bilqYFSrYH90Q8TnMaEa8yQUj3XEdrPkNQUM5JX+6kiAuExGpKesRzFRPnZ7LYcHhsSwiiR5nENZ/T3RIZipSZxYDpjpEdqvjaF/9V6qY4u/IxykWrCcbEoShnUCZwGBUMqCdZsYgzCkpq/QjxCJgdt4qyaENz5kxeN16i7Tt29Pas1L8s4KuAQHIET4IJz0AQ3oAXaAIMH8ARewKv1aD1bb9Z70bpklTMH4I+sz281KqF9</latexit><latexit sha1_base64="gZ1qgvigy/ar+tCcQWdGLABp50U=">AAACG3icbZBPS8MwGMZT/875r+rRS3AIgjDaISiCMPDicYLrBlsZaZpuYWkaklQYpd/Di1/FiwdFPAke/DZmawXdfCDw8HvflzfvEwhGlXacL2tpeWV1bb2yUd3c2t7Ztff2PZWkEpM2TlgiuwFShFFO2ppqRrpCEhQHjHSC8fW03rknUtGE3+mJIH6MhpxGFCNt0MBu9COJcBYKL89CnUN4Bb0fVJBTKGBJip6BXXPqzkxw0bilqYFSrYH90Q8TnMaEa8yQUj3XEdrPkNQUM5JX+6kiAuExGpKesRzFRPnZ7LYcHhsSwiiR5nENZ/T3RIZipSZxYDpjpEdqvjaF/9V6qY4u/IxykWrCcbEoShnUCZwGBUMqCdZsYgzCkpq/QjxCJgdt4qyaENz5kxeN16i7Tt29Pas1L8s4KuAQHIET4IJz0AQ3oAXaAIMH8ARewKv1aD1bb9Z70bpklTMH4I+sz281KqF9</latexit>

constant volume

neglect the mean pressure  
change (liquid)
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Assume that the heat capacity is constant (hence, no phase change)

d[V ⇢cp(T � Tref )]

dt
= Fi⇢icp(Ti � Tref ) +Q� F⇢cp(T � Tref ) +Ws

<latexit sha1_base64="unTU9BYU/+yH+Zqp6iRNDD9sQas="></latexit><latexit sha1_base64="unTU9BYU/+yH+Zqp6iRNDD9sQas="></latexit><latexit sha1_base64="unTU9BYU/+yH+Zqp6iRNDD9sQas="></latexit><latexit sha1_base64="unTU9BYU/+yH+Zqp6iRNDD9sQas="></latexit>

Assume constant density and volume (hence, Fi = F)

d[V ⇢cp(T � Tref )]

dt
= F⇢cp [(Ti � Tref )� (T � Tref )] +Q+Ws

<latexit sha1_base64="akUOoREwi/OzL6+urdEPDSQIqVw="></latexit><latexit sha1_base64="akUOoREwi/OzL6+urdEPDSQIqVw="></latexit><latexit sha1_base64="akUOoREwi/OzL6+urdEPDSQIqVw="></latexit><latexit sha1_base64="akUOoREwi/OzL6+urdEPDSQIqVw="></latexit>

Note

state:

inputs:

parameters:

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

F, Ti, Q
<latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit>

V, ⇢, cp
<latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit>
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Surge Tank

CSTR (constant hold-up)

dh

dt
=

F1 � F2

A
<latexit sha1_base64="/0CTsoEV1p9EcHQ42nkkFAksNK8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCRSguK9gHtCFMJpN26GQSZiZCCfkBN/6KGxeKuHXvzr9x0lbweWCYM+fcy517/IRRqWz73SgtLC4tr5RXK2vrG5tb5vZOR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr++KLwuzdESBrzazVJiBuhIachxUhpyTMPBqFAOAtGeRaoHJ7B2bvpOfAYNr1anp3n0DOrtlWzC8DfxLGmt10Fc7Q8820QxDiNCFeYISn7jp0oN0NCUcxIXhmkkiQIj9GQ9DXlKCLSzabb5PBQKwEMY6EPV3Cqfu3IUCTlJPJ1ZYTUSP70CvEvr5+qsO5mlCepIhzPBoUpgyqGRTQwoIJgxSaaICyo/ivEI6TjUDrAig7hc1P4P+nULMe2nKuTaqM+j6MM9sA+OAIOOAUNcAlaoA0wuAX34BE8GXfGg/FsvMxKS8a8Zxd8g/H6AX7Fmns=</latexit><latexit sha1_base64="/0CTsoEV1p9EcHQ42nkkFAksNK8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCRSguK9gHtCFMJpN26GQSZiZCCfkBN/6KGxeKuHXvzr9x0lbweWCYM+fcy517/IRRqWz73SgtLC4tr5RXK2vrG5tb5vZOR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr++KLwuzdESBrzazVJiBuhIachxUhpyTMPBqFAOAtGeRaoHJ7B2bvpOfAYNr1anp3n0DOrtlWzC8DfxLGmt10Fc7Q8820QxDiNCFeYISn7jp0oN0NCUcxIXhmkkiQIj9GQ9DXlKCLSzabb5PBQKwEMY6EPV3Cqfu3IUCTlJPJ1ZYTUSP70CvEvr5+qsO5mlCepIhzPBoUpgyqGRTQwoIJgxSaaICyo/ivEI6TjUDrAig7hc1P4P+nULMe2nKuTaqM+j6MM9sA+OAIOOAUNcAlaoA0wuAX34BE8GXfGg/FsvMxKS8a8Zxd8g/H6AX7Fmns=</latexit><latexit sha1_base64="/0CTsoEV1p9EcHQ42nkkFAksNK8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCRSguK9gHtCFMJpN26GQSZiZCCfkBN/6KGxeKuHXvzr9x0lbweWCYM+fcy517/IRRqWz73SgtLC4tr5RXK2vrG5tb5vZOR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr++KLwuzdESBrzazVJiBuhIachxUhpyTMPBqFAOAtGeRaoHJ7B2bvpOfAYNr1anp3n0DOrtlWzC8DfxLGmt10Fc7Q8820QxDiNCFeYISn7jp0oN0NCUcxIXhmkkiQIj9GQ9DXlKCLSzabb5PBQKwEMY6EPV3Cqfu3IUCTlJPJ1ZYTUSP70CvEvr5+qsO5mlCepIhzPBoUpgyqGRTQwoIJgxSaaICyo/ivEI6TjUDrAig7hc1P4P+nULMe2nKuTaqM+j6MM9sA+OAIOOAUNcAlaoA0wuAX34BE8GXfGg/FsvMxKS8a8Zxd8g/H6AX7Fmns=</latexit><latexit sha1_base64="/0CTsoEV1p9EcHQ42nkkFAksNK8=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCRSguK9gHtCFMJpN26GQSZiZCCfkBN/6KGxeKuHXvzr9x0lbweWCYM+fcy517/IRRqWz73SgtLC4tr5RXK2vrG5tb5vZOR8apwKSNYxaLno8kYZSTtqKKkV4iCIp8Rrr++KLwuzdESBrzazVJiBuhIachxUhpyTMPBqFAOAtGeRaoHJ7B2bvpOfAYNr1anp3n0DOrtlWzC8DfxLGmt10Fc7Q8820QxDiNCFeYISn7jp0oN0NCUcxIXhmkkiQIj9GQ9DXlKCLSzabb5PBQKwEMY6EPV3Cqfu3IUCTlJPJ1ZYTUSP70CvEvr5+qsO5mlCepIhzPBoUpgyqGRTQwoIJgxSaaICyo/ivEI6TjUDrAig7hc1P4P+nULMe2nKuTaqM+j6MM9sA+OAIOOAUNcAlaoA0wuAX34BE8GXfGg/FsvMxKS8a8Zxd8g/H6AX7Fmns=</latexit>

dy

dt
=

u1 � u2

A
<latexit sha1_base64="4wLXILiLyry2qDfW7skRwsu58Ws=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCxY3LCvYBbQiTyaQdOnkwDyGE/IAbf8WNC0Xcunfn3zhpK/g8MMyZc+7lzj1+yqiQtv1uVBYWl5ZXqqu1tfWNzS1ze6crEsUx6eCEJbzvI0EYjUlHUslIP+UERT4jPX9yUfq9G8IFTeJrmaXEjdAopiHFSGrJMw+GIUc4D7IiD2QBz+DsrTwHHkPlNYr8vICeWbethl0C/iaONb3tOpij7ZlvwyDBKiKxxAwJMXDsVLo54pJiRoraUAmSIjxBIzLQNEYREW4+3aaAh1oJYJhwfWIJp+rXjhxFQmSRrysjJMfip1eKf3kDJcOmm9M4VZLEeDYoVAzKBJbRwIBygiXLNEGYU/1XiMdIxyF1gDUdwuem8H/SbViObTlXJ/VWcx5HFeyBfXAEHHAKWuAStEEHYHAL7sEjeDLujAfj2XiZlVaMec8u+Abj9QMsmJrq</latexit><latexit sha1_base64="4wLXILiLyry2qDfW7skRwsu58Ws=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCxY3LCvYBbQiTyaQdOnkwDyGE/IAbf8WNC0Xcunfn3zhpK/g8MMyZc+7lzj1+yqiQtv1uVBYWl5ZXqqu1tfWNzS1ze6crEsUx6eCEJbzvI0EYjUlHUslIP+UERT4jPX9yUfq9G8IFTeJrmaXEjdAopiHFSGrJMw+GIUc4D7IiD2QBz+DsrTwHHkPlNYr8vICeWbethl0C/iaONb3tOpij7ZlvwyDBKiKxxAwJMXDsVLo54pJiRoraUAmSIjxBIzLQNEYREW4+3aaAh1oJYJhwfWIJp+rXjhxFQmSRrysjJMfip1eKf3kDJcOmm9M4VZLEeDYoVAzKBJbRwIBygiXLNEGYU/1XiMdIxyF1gDUdwuem8H/SbViObTlXJ/VWcx5HFeyBfXAEHHAKWuAStEEHYHAL7sEjeDLujAfj2XiZlVaMec8u+Abj9QMsmJrq</latexit><latexit sha1_base64="4wLXILiLyry2qDfW7skRwsu58Ws=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCxY3LCvYBbQiTyaQdOnkwDyGE/IAbf8WNC0Xcunfn3zhpK/g8MMyZc+7lzj1+yqiQtv1uVBYWl5ZXqqu1tfWNzS1ze6crEsUx6eCEJbzvI0EYjUlHUslIP+UERT4jPX9yUfq9G8IFTeJrmaXEjdAopiHFSGrJMw+GIUc4D7IiD2QBz+DsrTwHHkPlNYr8vICeWbethl0C/iaONb3tOpij7ZlvwyDBKiKxxAwJMXDsVLo54pJiRoraUAmSIjxBIzLQNEYREW4+3aaAh1oJYJhwfWIJp+rXjhxFQmSRrysjJMfip1eKf3kDJcOmm9M4VZLEeDYoVAzKBJbRwIBygiXLNEGYU/1XiMdIxyF1gDUdwuem8H/SbViObTlXJ/VWcx5HFeyBfXAEHHAKWuAStEEHYHAL7sEjeDLujAfj2XiZlVaMec8u+Abj9QMsmJrq</latexit><latexit sha1_base64="4wLXILiLyry2qDfW7skRwsu58Ws=">AAACDXicdVDLSsNAFJ3UV62vqEs3g1VwY0iKYDdCxY3LCvYBbQiTyaQdOnkwDyGE/IAbf8WNC0Xcunfn3zhpK/g8MMyZc+7lzj1+yqiQtv1uVBYWl5ZXqqu1tfWNzS1ze6crEsUx6eCEJbzvI0EYjUlHUslIP+UERT4jPX9yUfq9G8IFTeJrmaXEjdAopiHFSGrJMw+GIUc4D7IiD2QBz+DsrTwHHkPlNYr8vICeWbethl0C/iaONb3tOpij7ZlvwyDBKiKxxAwJMXDsVLo54pJiRoraUAmSIjxBIzLQNEYREW4+3aaAh1oJYJhwfWIJp+rXjhxFQmSRrysjJMfip1eKf3kDJcOmm9M4VZLEeDYoVAzKBJbRwIBygiXLNEGYU/1XiMdIxyF1gDUdwuem8H/SbViObTlXJ/VWcx5HFeyBfXAEHHAKWuAStEEHYHAL7sEjeDLujAfj2XiZlVaMec8u+Abj9QMsmJrq</latexit>

dCA

dt
=

Fi

V
(CAi � CA)� kCA

<latexit sha1_base64="524vtklerNKzcMKR1RgXQD90qRI=">AAACHXicbVBLSwMxGMz6rPW16tFLsAj10LIrBT0otBTEYwX7gHZZstlsG5p9kGSFEvaPePGvePGgiAcv4r8xbfegrQMhw8x8JN94CaNCWta3sbK6tr6xWdgqbu/s7u2bB4cdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vXGzanffSBc0Di6l5OEOCEaRjSgGEktuWZtEHCEld90G5nyZQav4Vy5cWmmOhksN13VoBmsQB05g5WxvlyzZFWtGeAysXNSAjlarvk58GOchiSSmCEh+raVSEchLilmJCsOUkEShMdoSPqaRigkwlGz7TJ4qhUfBjHXJ5Jwpv6eUCgUYhJ6OhkiORKL3lT8z+unMrh0FI2SVJIIzx8KUgZlDKdVQZ9ygiWbaIIwp/qvEI+QLkfqQou6BHtx5WXSOa/aVtW+q5XqV3kdBXAMTkAZ2OAC1MEtaIE2wOARPINX8GY8GS/Gu/Exj64Y+cwR+APj6wddhKAd</latexit><latexit sha1_base64="524vtklerNKzcMKR1RgXQD90qRI=">AAACHXicbVBLSwMxGMz6rPW16tFLsAj10LIrBT0otBTEYwX7gHZZstlsG5p9kGSFEvaPePGvePGgiAcv4r8xbfegrQMhw8x8JN94CaNCWta3sbK6tr6xWdgqbu/s7u2bB4cdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vXGzanffSBc0Di6l5OEOCEaRjSgGEktuWZtEHCEld90G5nyZQav4Vy5cWmmOhksN13VoBmsQB05g5WxvlyzZFWtGeAysXNSAjlarvk58GOchiSSmCEh+raVSEchLilmJCsOUkEShMdoSPqaRigkwlGz7TJ4qhUfBjHXJ5Jwpv6eUCgUYhJ6OhkiORKL3lT8z+unMrh0FI2SVJIIzx8KUgZlDKdVQZ9ygiWbaIIwp/qvEI+QLkfqQou6BHtx5WXSOa/aVtW+q5XqV3kdBXAMTkAZ2OAC1MEtaIE2wOARPINX8GY8GS/Gu/Exj64Y+cwR+APj6wddhKAd</latexit><latexit sha1_base64="524vtklerNKzcMKR1RgXQD90qRI=">AAACHXicbVBLSwMxGMz6rPW16tFLsAj10LIrBT0otBTEYwX7gHZZstlsG5p9kGSFEvaPePGvePGgiAcv4r8xbfegrQMhw8x8JN94CaNCWta3sbK6tr6xWdgqbu/s7u2bB4cdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vXGzanffSBc0Di6l5OEOCEaRjSgGEktuWZtEHCEld90G5nyZQav4Vy5cWmmOhksN13VoBmsQB05g5WxvlyzZFWtGeAysXNSAjlarvk58GOchiSSmCEh+raVSEchLilmJCsOUkEShMdoSPqaRigkwlGz7TJ4qhUfBjHXJ5Jwpv6eUCgUYhJ6OhkiORKL3lT8z+unMrh0FI2SVJIIzx8KUgZlDKdVQZ9ygiWbaIIwp/qvEI+QLkfqQou6BHtx5WXSOa/aVtW+q5XqV3kdBXAMTkAZ2OAC1MEtaIE2wOARPINX8GY8GS/Gu/Exj64Y+cwR+APj6wddhKAd</latexit><latexit sha1_base64="524vtklerNKzcMKR1RgXQD90qRI=">AAACHXicbVBLSwMxGMz6rPW16tFLsAj10LIrBT0otBTEYwX7gHZZstlsG5p9kGSFEvaPePGvePGgiAcv4r8xbfegrQMhw8x8JN94CaNCWta3sbK6tr6xWdgqbu/s7u2bB4cdEacckzaOWcx7HhKE0Yi0JZWM9BJOUOgx0vXGzanffSBc0Di6l5OEOCEaRjSgGEktuWZtEHCEld90G5nyZQav4Vy5cWmmOhksN13VoBmsQB05g5WxvlyzZFWtGeAysXNSAjlarvk58GOchiSSmCEh+raVSEchLilmJCsOUkEShMdoSPqaRigkwlGz7TJ4qhUfBjHXJ5Jwpv6eUCgUYhJ6OhkiORKL3lT8z+unMrh0FI2SVJIIzx8KUgZlDKdVQZ9ygiWbaIIwp/qvEI+QLkfqQou6BHtx5WXSOa/aVtW+q5XqV3kdBXAMTkAZ2OAC1MEtaIE2wOARPINX8GY8GS/Gu/Exj64Y+cwR+APj6wddhKAd</latexit>

dy

dt
=

u1

V
(u2 � y)� ky

<latexit sha1_base64="6IMSlcrJsbE+7LLuub16/N6arTE=">AAACFnicdVBNS8MwGE7n15xfVY9egkOYh5V2CO4iDLx4nOA2YSslTdMtLE1Lkgql9Fd48a948aCIV/HmvzHdJvj5QJInz/O+JO/jJ4xKZdvvRmVpeWV1rbpe29jc2t4xd/f6Mk4FJj0cs1hc+0gSRjnpKaoYuU4EQZHPyMCfnpf+4IYISWN+pbKEuBEacxpSjJSWPLM5CgXCeZAVeaAKeAbn99RzirxfQNhIvRZswuxYb9PMM+u21bJLwN/EsWanXQcLdD3zbRTEOI0IV5ghKYeOnSg3R0JRzEhRG6WSJAhP0ZgMNeUoItLNZ2MV8EgrAQxjoRdXcKZ+7chRJGUW+boyQmoif3ql+Jc3TFXYdnPKk1QRjucPhSmDKoZlRjCggmDFMk0QFlT/FeIJ0rkonWRNh/A5Kfyf9FuWY1vO5Um9017EUQUH4BA0gANOQQdcgC7oAQxuwT14BE/GnfFgPBsv89KKsejZB99gvH4AftudlA==</latexit><latexit sha1_base64="6IMSlcrJsbE+7LLuub16/N6arTE=">AAACFnicdVBNS8MwGE7n15xfVY9egkOYh5V2CO4iDLx4nOA2YSslTdMtLE1Lkgql9Fd48a948aCIV/HmvzHdJvj5QJInz/O+JO/jJ4xKZdvvRmVpeWV1rbpe29jc2t4xd/f6Mk4FJj0cs1hc+0gSRjnpKaoYuU4EQZHPyMCfnpf+4IYISWN+pbKEuBEacxpSjJSWPLM5CgXCeZAVeaAKeAbn99RzirxfQNhIvRZswuxYb9PMM+u21bJLwN/EsWanXQcLdD3zbRTEOI0IV5ghKYeOnSg3R0JRzEhRG6WSJAhP0ZgMNeUoItLNZ2MV8EgrAQxjoRdXcKZ+7chRJGUW+boyQmoif3ql+Jc3TFXYdnPKk1QRjucPhSmDKoZlRjCggmDFMk0QFlT/FeIJ0rkonWRNh/A5Kfyf9FuWY1vO5Um9017EUQUH4BA0gANOQQdcgC7oAQxuwT14BE/GnfFgPBsv89KKsejZB99gvH4AftudlA==</latexit><latexit sha1_base64="6IMSlcrJsbE+7LLuub16/N6arTE=">AAACFnicdVBNS8MwGE7n15xfVY9egkOYh5V2CO4iDLx4nOA2YSslTdMtLE1Lkgql9Fd48a948aCIV/HmvzHdJvj5QJInz/O+JO/jJ4xKZdvvRmVpeWV1rbpe29jc2t4xd/f6Mk4FJj0cs1hc+0gSRjnpKaoYuU4EQZHPyMCfnpf+4IYISWN+pbKEuBEacxpSjJSWPLM5CgXCeZAVeaAKeAbn99RzirxfQNhIvRZswuxYb9PMM+u21bJLwN/EsWanXQcLdD3zbRTEOI0IV5ghKYeOnSg3R0JRzEhRG6WSJAhP0ZgMNeUoItLNZ2MV8EgrAQxjoRdXcKZ+7chRJGUW+boyQmoif3ql+Jc3TFXYdnPKk1QRjucPhSmDKoZlRjCggmDFMk0QFlT/FeIJ0rkonWRNh/A5Kfyf9FuWY1vO5Um9017EUQUH4BA0gANOQQdcgC7oAQxuwT14BE/GnfFgPBsv89KKsejZB99gvH4AftudlA==</latexit><latexit sha1_base64="6IMSlcrJsbE+7LLuub16/N6arTE=">AAACFnicdVBNS8MwGE7n15xfVY9egkOYh5V2CO4iDLx4nOA2YSslTdMtLE1Lkgql9Fd48a948aCIV/HmvzHdJvj5QJInz/O+JO/jJ4xKZdvvRmVpeWV1rbpe29jc2t4xd/f6Mk4FJj0cs1hc+0gSRjnpKaoYuU4EQZHPyMCfnpf+4IYISWN+pbKEuBEacxpSjJSWPLM5CgXCeZAVeaAKeAbn99RzirxfQNhIvRZswuxYb9PMM+u21bJLwN/EsWanXQcLdD3zbRTEOI0IV5ghKYeOnSg3R0JRzEhRG6WSJAhP0ZgMNeUoItLNZ2MV8EgrAQxjoRdXcKZ+7chRJGUW+boyQmoif3ql+Jc3TFXYdnPKk1QRjucPhSmDKoZlRjCggmDFMk0QFlT/FeIJ0rkonWRNh/A5Kfyf9FuWY1vO5Um9017EUQUH4BA0gANOQQdcgC7oAQxuwT14BE/GnfFgPBsv89KKsejZB99gvH4AftudlA==</latexit>
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DoF: Number of variables that can be specified independently

NF = NV �NE
<latexit sha1_base64="019ovApD7vfpZ+XvN6MYAXpseO0=">AAACE3icdVBLS8NAEJ74rPUV9ehlsQgiGJIi2ItQEMWTVLAPaEPYbDft0s2D3Y1QQv+DF/+KFw+KePXizX/jpq1QXx8s+803M8zM5yecSWXbH8bc/MLi0nJhpbi6tr6xaW5tN2ScCkLrJOaxaPlYUs4iWldMcdpKBMWhz2nTH5zl+eYtFZLF0Y0aJtQNcS9iASNYackzDzshVn0/yK5G3gU6RTNhAx3NhueeWbKtsp0D/SaONf7tEkxR88z3TjcmaUgjRTiWsu3YiXIzLBQjnI6KnVTSBJMB7tG2phEOqXSz8U0jtK+VLgpioV+k0Fid7chwKOUw9HVlvqP8mcvFv3LtVAUVN2NRkioakcmgIOVIxSg3CHWZoETxoSaYCKZ3RaSPBSZK21jUJnxdiv4njbLl2JZzfVyqVqZ2FGAX9uAAHDiBKlxCDepA4A4e4AmejXvj0XgxXielc8a0Zwe+wXj7BMynnW8=</latexit><latexit sha1_base64="019ovApD7vfpZ+XvN6MYAXpseO0=">AAACE3icdVBLS8NAEJ74rPUV9ehlsQgiGJIi2ItQEMWTVLAPaEPYbDft0s2D3Y1QQv+DF/+KFw+KePXizX/jpq1QXx8s+803M8zM5yecSWXbH8bc/MLi0nJhpbi6tr6xaW5tN2ScCkLrJOaxaPlYUs4iWldMcdpKBMWhz2nTH5zl+eYtFZLF0Y0aJtQNcS9iASNYackzDzshVn0/yK5G3gU6RTNhAx3NhueeWbKtsp0D/SaONf7tEkxR88z3TjcmaUgjRTiWsu3YiXIzLBQjnI6KnVTSBJMB7tG2phEOqXSz8U0jtK+VLgpioV+k0Fid7chwKOUw9HVlvqP8mcvFv3LtVAUVN2NRkioakcmgIOVIxSg3CHWZoETxoSaYCKZ3RaSPBSZK21jUJnxdiv4njbLl2JZzfVyqVqZ2FGAX9uAAHDiBKlxCDepA4A4e4AmejXvj0XgxXielc8a0Zwe+wXj7BMynnW8=</latexit><latexit sha1_base64="019ovApD7vfpZ+XvN6MYAXpseO0=">AAACE3icdVBLS8NAEJ74rPUV9ehlsQgiGJIi2ItQEMWTVLAPaEPYbDft0s2D3Y1QQv+DF/+KFw+KePXizX/jpq1QXx8s+803M8zM5yecSWXbH8bc/MLi0nJhpbi6tr6xaW5tN2ScCkLrJOaxaPlYUs4iWldMcdpKBMWhz2nTH5zl+eYtFZLF0Y0aJtQNcS9iASNYackzDzshVn0/yK5G3gU6RTNhAx3NhueeWbKtsp0D/SaONf7tEkxR88z3TjcmaUgjRTiWsu3YiXIzLBQjnI6KnVTSBJMB7tG2phEOqXSz8U0jtK+VLgpioV+k0Fid7chwKOUw9HVlvqP8mcvFv3LtVAUVN2NRkioakcmgIOVIxSg3CHWZoETxoSaYCKZ3RaSPBSZK21jUJnxdiv4njbLl2JZzfVyqVqZ2FGAX9uAAHDiBKlxCDepA4A4e4AmejXvj0XgxXielc8a0Zwe+wXj7BMynnW8=</latexit><latexit sha1_base64="019ovApD7vfpZ+XvN6MYAXpseO0=">AAACE3icdVBLS8NAEJ74rPUV9ehlsQgiGJIi2ItQEMWTVLAPaEPYbDft0s2D3Y1QQv+DF/+KFw+KePXizX/jpq1QXx8s+803M8zM5yecSWXbH8bc/MLi0nJhpbi6tr6xaW5tN2ScCkLrJOaxaPlYUs4iWldMcdpKBMWhz2nTH5zl+eYtFZLF0Y0aJtQNcS9iASNYackzDzshVn0/yK5G3gU6RTNhAx3NhueeWbKtsp0D/SaONf7tEkxR88z3TjcmaUgjRTiWsu3YiXIzLBQjnI6KnVTSBJMB7tG2phEOqXSz8U0jtK+VLgpioV+k0Fid7chwKOUw9HVlvqP8mcvFv3LtVAUVN2NRkioakcmgIOVIxSg3CHWZoETxoSaYCKZ3RaSPBSZK21jUJnxdiv4njbLl2JZzfVyqVqZ2FGAX9uAAHDiBKlxCDepA4A4e4AmejXvj0XgxXielc8a0Zwe+wXj7BMynnW8=</latexit>

NF :
<latexit sha1_base64="dkObNXaGBbLugwjXTBp5bbbUQCg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMSVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJPNkfM=</latexit><latexit sha1_base64="dkObNXaGBbLugwjXTBp5bbbUQCg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMSVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJPNkfM=</latexit><latexit sha1_base64="dkObNXaGBbLugwjXTBp5bbbUQCg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMSVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJPNkfM=</latexit><latexit sha1_base64="dkObNXaGBbLugwjXTBp5bbbUQCg=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMSVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJPNkfM=</latexit>

Degree of freedom (# of independent variables)

NV :
<latexit sha1_base64="hGWTnDETGGdM4n4bvYDatjWKTc4=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswUQXFVcONKKthWaIeSSTNtaCYzJncKZeh3uHGhiFs/xp1/Y6at4PNAyOGce8nJCRIpDLruu1NYWl5ZXSuulzY2t7Z3yrt7LROnmvEmi2WsbwNquBSKN1Gg5LeJ5jQKJG8Ho4vcb4+5NiJWNzhJuB/RgRKhYBSt5HcjisMgzK6mvdZ5r1xxqzU3B/lNvOrsdiuwQKNXfuv2Y5ZGXCGT1JiO5yboZ1SjYJJPS93U8ISyER3wjqWKRtz42Sz0lBxZpU/CWNujkMzUrxsZjYyZRIGdzEOan14u/uV1UgzP/EyoJEWu2PyhMJUEY5I3QPpCc4ZyYgllWtishA2ppgxtTyVbwudPyf+kVat6btW7PqnU64s6inAAh3AMHpxCHS6hAU1gcAf38AhPzth5cJ6dl/lowVns7MM3OK8frB2SAw==</latexit><latexit sha1_base64="hGWTnDETGGdM4n4bvYDatjWKTc4=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswUQXFVcONKKthWaIeSSTNtaCYzJncKZeh3uHGhiFs/xp1/Y6at4PNAyOGce8nJCRIpDLruu1NYWl5ZXSuulzY2t7Z3yrt7LROnmvEmi2WsbwNquBSKN1Gg5LeJ5jQKJG8Ho4vcb4+5NiJWNzhJuB/RgRKhYBSt5HcjisMgzK6mvdZ5r1xxqzU3B/lNvOrsdiuwQKNXfuv2Y5ZGXCGT1JiO5yboZ1SjYJJPS93U8ISyER3wjqWKRtz42Sz0lBxZpU/CWNujkMzUrxsZjYyZRIGdzEOan14u/uV1UgzP/EyoJEWu2PyhMJUEY5I3QPpCc4ZyYgllWtishA2ppgxtTyVbwudPyf+kVat6btW7PqnU64s6inAAh3AMHpxCHS6hAU1gcAf38AhPzth5cJ6dl/lowVns7MM3OK8frB2SAw==</latexit><latexit sha1_base64="hGWTnDETGGdM4n4bvYDatjWKTc4=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswUQXFVcONKKthWaIeSSTNtaCYzJncKZeh3uHGhiFs/xp1/Y6at4PNAyOGce8nJCRIpDLruu1NYWl5ZXSuulzY2t7Z3yrt7LROnmvEmi2WsbwNquBSKN1Gg5LeJ5jQKJG8Ho4vcb4+5NiJWNzhJuB/RgRKhYBSt5HcjisMgzK6mvdZ5r1xxqzU3B/lNvOrsdiuwQKNXfuv2Y5ZGXCGT1JiO5yboZ1SjYJJPS93U8ISyER3wjqWKRtz42Sz0lBxZpU/CWNujkMzUrxsZjYyZRIGdzEOan14u/uV1UgzP/EyoJEWu2PyhMJUEY5I3QPpCc4ZyYgllWtishA2ppgxtTyVbwudPyf+kVat6btW7PqnU64s6inAAh3AMHpxCHS6hAU1gcAf38AhPzth5cJ6dl/lowVns7MM3OK8frB2SAw==</latexit><latexit sha1_base64="hGWTnDETGGdM4n4bvYDatjWKTc4=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgqswUQXFVcONKKthWaIeSSTNtaCYzJncKZeh3uHGhiFs/xp1/Y6at4PNAyOGce8nJCRIpDLruu1NYWl5ZXSuulzY2t7Z3yrt7LROnmvEmi2WsbwNquBSKN1Gg5LeJ5jQKJG8Ho4vcb4+5NiJWNzhJuB/RgRKhYBSt5HcjisMgzK6mvdZ5r1xxqzU3B/lNvOrsdiuwQKNXfuv2Y5ZGXCGT1JiO5yboZ1SjYJJPS93U8ISyER3wjqWKRtz42Sz0lBxZpU/CWNujkMzUrxsZjYyZRIGdzEOan14u/uV1UgzP/EyoJEWu2PyhMJUEY5I3QPpCc4ZyYgllWtishA2ppgxtTyVbwudPyf+kVat6btW7PqnU64s6inAAh3AMHpxCHS6hAU1gcAf38AhPzth5cJ6dl/lowVns7MM3OK8frB2SAw==</latexit>

Total number of variables

NE :
<latexit sha1_base64="90zpPWpx4LXUauHqKQpGM8Ua1HA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMGVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJJIkfI=</latexit><latexit sha1_base64="90zpPWpx4LXUauHqKQpGM8Ua1HA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMGVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJJIkfI=</latexit><latexit sha1_base64="90zpPWpx4LXUauHqKQpGM8Ua1HA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMGVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJJIkfI=</latexit><latexit sha1_base64="90zpPWpx4LXUauHqKQpGM8Ua1HA=">AAAB9HicdVDLSgMxFL1TX7W+qi7dBIvgasgUQXFVEMGVVLAPaIeSSTNtaCYzJplCGfodblwo4taPceffmGkr+DwQcjjnXnJygkRwbTB+dwpLyyura8X10sbm1vZOeXevqeNUUdagsYhVOyCaCS5Zw3AjWDtRjESBYK1gdJH7rTFTmsfy1kwS5kdkIHnIKTFW8rsRMcMgzK6nvcvzXrmC3SrOgX4Tz53duAIL1Hvlt24/pmnEpKGCaN3xcGL8jCjDqWDTUjfVLCF0RAasY6kkEdN+Ngs9RUdW6aMwVvZIg2bq142MRFpPosBO5iH1Ty8X//I6qQnP/IzLJDVM0vlDYSqQiVHeAOpzxagRE0sIVdxmRXRIFKHG9lSyJXz+FP1PmlXXw653c1Kp1RZ1FOEADuEYPDiFGlxBHRpA4Q7u4RGenLHz4Dw7L/PRgrPY2YdvcF4/AJJIkfI=</latexit>

Number of equations (# of dependent variables)

Another perspective: # of equations needed?

NE = NV �NF
<latexit sha1_base64="uv6FQ8aejCpIe742UcSo0+0VJOs=">AAACE3icdVBLS8NAEJ7UV62vqEcvi0UQwZAUQS9CQRRPUsE+oA1hs920SzcPdjdCCf0PXvwrXjwo4tWLN/+Nm7ZCfX2w7DffzDAzn59wJpVtfxiFufmFxaXicmlldW19w9zcasg4FYTWScxj0fKxpJxFtK6Y4rSVCIpDn9OmPzjL881bKiSLoxs1TKgb4l7EAkaw0pJnHnRCrPp+kF2NvHN0imbCBjqcDS88s2xbFTsH+k0ca/zbZZii5pnvnW5M0pBGinAsZduxE+VmWChGOB2VOqmkCSYD3KNtTSMcUulm45tGaE8rXRTEQr9IobE625HhUMph6OvKfEf5M5eLf+XaqQpO3IxFSapoRCaDgpQjFaPcINRlghLFh5pgIpjeFZE+FpgobWNJm/B1KfqfNCqWY1vO9VG5Wp3aUYQd2IV9cOAYqnAJNagDgTt4gCd4Nu6NR+PFeJ2UFoxpzzZ8g/H2Cc7xnXc=</latexit><latexit sha1_base64="uv6FQ8aejCpIe742UcSo0+0VJOs=">AAACE3icdVBLS8NAEJ7UV62vqEcvi0UQwZAUQS9CQRRPUsE+oA1hs920SzcPdjdCCf0PXvwrXjwo4tWLN/+Nm7ZCfX2w7DffzDAzn59wJpVtfxiFufmFxaXicmlldW19w9zcasg4FYTWScxj0fKxpJxFtK6Y4rSVCIpDn9OmPzjL881bKiSLoxs1TKgb4l7EAkaw0pJnHnRCrPp+kF2NvHN0imbCBjqcDS88s2xbFTsH+k0ca/zbZZii5pnvnW5M0pBGinAsZduxE+VmWChGOB2VOqmkCSYD3KNtTSMcUulm45tGaE8rXRTEQr9IobE625HhUMph6OvKfEf5M5eLf+XaqQpO3IxFSapoRCaDgpQjFaPcINRlghLFh5pgIpjeFZE+FpgobWNJm/B1KfqfNCqWY1vO9VG5Wp3aUYQd2IV9cOAYqnAJNagDgTt4gCd4Nu6NR+PFeJ2UFoxpzzZ8g/H2Cc7xnXc=</latexit><latexit sha1_base64="uv6FQ8aejCpIe742UcSo0+0VJOs=">AAACE3icdVBLS8NAEJ7UV62vqEcvi0UQwZAUQS9CQRRPUsE+oA1hs920SzcPdjdCCf0PXvwrXjwo4tWLN/+Nm7ZCfX2w7DffzDAzn59wJpVtfxiFufmFxaXicmlldW19w9zcasg4FYTWScxj0fKxpJxFtK6Y4rSVCIpDn9OmPzjL881bKiSLoxs1TKgb4l7EAkaw0pJnHnRCrPp+kF2NvHN0imbCBjqcDS88s2xbFTsH+k0ca/zbZZii5pnvnW5M0pBGinAsZduxE+VmWChGOB2VOqmkCSYD3KNtTSMcUulm45tGaE8rXRTEQr9IobE625HhUMph6OvKfEf5M5eLf+XaqQpO3IxFSapoRCaDgpQjFaPcINRlghLFh5pgIpjeFZE+FpgobWNJm/B1KfqfNCqWY1vO9VG5Wp3aUYQd2IV9cOAYqnAJNagDgTt4gCd4Nu6NR+PFeJ2UFoxpzzZ8g/H2Cc7xnXc=</latexit><latexit sha1_base64="uv6FQ8aejCpIe742UcSo0+0VJOs=">AAACE3icdVBLS8NAEJ7UV62vqEcvi0UQwZAUQS9CQRRPUsE+oA1hs920SzcPdjdCCf0PXvwrXjwo4tWLN/+Nm7ZCfX2w7DffzDAzn59wJpVtfxiFufmFxaXicmlldW19w9zcasg4FYTWScxj0fKxpJxFtK6Y4rSVCIpDn9OmPzjL881bKiSLoxs1TKgb4l7EAkaw0pJnHnRCrPp+kF2NvHN0imbCBjqcDS88s2xbFTsH+k0ca/zbZZii5pnvnW5M0pBGinAsZduxE+VmWChGOB2VOqmkCSYD3KNtTSMcUulm45tGaE8rXRTEQr9IobE625HhUMph6OvKfEf5M5eLf+XaqQpO3IxFSapoRCaDgpQjFaPcINRlghLFh5pgIpjeFZE+FpgobWNJm/B1KfqfNCqWY1vO9VG5Wp3aUYQd2IV9cOAYqnAJNagDgTt4gCd4Nu6NR+PFeJ2UFoxpzzZ8g/H2Cc7xnXc=</latexit>
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dT

dt
=

F

V
(Ti � T ) +

Q

V ⇢cp
<latexit sha1_base64="QujFUQjnmmzStJiTuDcRnC+CcTA="></latexit><latexit sha1_base64="QujFUQjnmmzStJiTuDcRnC+CcTA="></latexit><latexit sha1_base64="QujFUQjnmmzStJiTuDcRnC+CcTA="></latexit><latexit sha1_base64="QujFUQjnmmzStJiTuDcRnC+CcTA="></latexit>

state:

inputs:

parameters:

T<latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit><latexit sha1_base64="B/3w+VlOdzZPMupVYNBMJVNlN60=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvHhsoV/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+7nfeUKleSybZpqgH9GR5CFn1Fip0RyUK27VXYCsEy8nFchRH5S/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasJbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXFdqd3kcRTiDc7gED26gBg9QhxYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBrUGM0A==</latexit>

F, Ti, Q
<latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit><latexit sha1_base64="6HSQcZatOQEzZzxmsecAPgYVHdo=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBQym7UlA8FQTx2EK/pF1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XZyG5tb2zv53cLe/sHhUfH4pK2jRBHaIhGPVDfAmnImacsww2k3VhSLgNNOMLmb+50nqjSLZNNMY+oLPJIsZAQbKz3el1FzwMqoMSiW3Iq7AFonXkZKkKE+KH71hxFJBJWGcKx1z3Nj46dYGUY4nRX6iaYxJhM8oj1LJRZU++ni4Bm6sMoQhZGyJQ1aqL8nUiy0norAdgpsxnrVm4v/eb3EhDd+ymScGCrJclGYcGQiNP8eDZmixPCpJZgoZm9FZIwVJsZmVLAheKsvr5P2VcVzK16jWqrdZnHk4QzO4RI8uIYaPEAdWkBAwDO8wpujnBfn3flYtuacbOYU/sD5/AHYKI8X</latexit>

V, ⇢, cp
<latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit><latexit sha1_base64="L8k8b50XPc5nQmvzQsWxajZoH8c=">AAAB83icbVBNSwMxEJ31s9avqkcvwSJ4KGVXBMVTwYvHCvYDukvJptk2NJuEJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMixVnxvr+t7e2vrG5tV3aKe/u7R8cVo6O20ZmmtAWkVzqbowN5UzQlmWW067SFKcxp514fDfzO09UGybFo50oGqV4KFjCCLZOCts1FOqRrCHSV/1K1a/7c6BVEhSkCgWa/cpXOJAkS6mwhGNjeoGvbJRjbRnhdFoOM0MVJmM8pD1HBU6pifL5zVN07pQBSqR2JSyaq78ncpwaM0lj15liOzLL3kz8z+tlNrmJciZUZqkgi0VJxpGVaBYAGjBNieUTRzDRzN2KyAhrTKyLqexCCJZfXiXty3rg14OHq2rjtoijBKdwBhcQwDU04B6a0AICCp7hFd68zHvx3r2PReuaV8ycwB94nz+OgJCv</latexit>
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Lumped Parameter System
• Spatial dependence of variables is ignored


- Well-mixed system


- Systems with insignificant temperature or concentration gradient


- Variables are functions of time only, not spatial position


- Ordinary differential equation model


• Examples


- Mixer, CSTR


- Tray of distillation column


- Steel ball for which heat conduction within much faster than heat 
transfer to the surrounding
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Distributed Parameter System
• Variables have spatial dependence


- Instead of y(t), you have y(t, z), y(t, r, z), etc.


• Type of equation


- PDEs


• Examples


- Counter-current heat exchanger


- Plug-flow reactor or packed-tube reactor


- Heat conduction through a plate


- Almost all systems show some spatial variations (e.g., due to 
imperfect mixing) but many systems can be treated as lumped 
parameter system
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