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Q.No.1 Attempt any one of the following (08)
a.) 

Figure 1.



b.)

Figure 2.





Q.No. 2 Attempt any three of the following: (12)
a.) Give the comparison of Resistance and Capacitance in Electrical,
Liquid level and Thermal systems.
Solution:
Resistance and capacitance of liquid level system.
The resistance R of a linear resistor is given by R = eR/i
where eR is the voltage across the resistor and i is the current through
the resistor.
The unit of resistance is the ohm, Resistors do not store electric energy
in any form, but instead dissipate it as heat. Note that real resistors
may  not  be  linear  and  may  also  exhibit  some  capacitance  and
inductance effects.
Two  conductors  separated  by  a  nonconducting  medium  form  a
capacitor,  so two metallic plates separated by a very thin dielectric
material  form a  capacitor.  The  capacitance  C is  a  measure  of  the
quantity of charge that can be stored for a given voltage across the
plates. The capacitance C of a capacitor can thus be given by
C =q/ec

where q is the quantity of charge stored and ec is the voltage across the
capacitor. The unit of capacitance is the farad (F), where farad =
ampere-second/ volt = coulomb/volt. Although a pure capacitor stores
energy and can release all of it, real capacitors exhibit various losses.
These energy losses are indicated by a power factor, which is the ratio
of the energy lost per cycle of ac voltage to the energy stored per cycle.
Thus, a small-valued power factor is desirable.

Resistance and capacitance of liquid level system. 
Consider the flow through a short pipe with a valve connecting two
tanks, as shown in Figure (a). The resistance R for liquid flow in such
a pipe or restriction is defined as the change in the level difference (the
difference of the liquid levels of the two tanks) necessary to cause a
unit  change in flow rate; that  is,  R= change in level  difference,  m/
change in flow rate, m3/s. Since the relationship between the flow rate
and the level difference differs for laminar flow and turbulent flow, we
shall  consider both  cases  in  what  follows.  Consider the  liquid-level
system shown in Figure (b). In this system, the liquid spouts through
the load valve in the side of the tank. If the flow through the valve is
laminar, the relationship between the steady-state flow rate and the
steady state head at the level of the restriction is given by Q= K/H,
where



Q = steady-state liquid flow rate, m3/s
K/ = constant, m2/s
H = steady-state head, m
For laminar flow, the resistance RJ is
R/= dH/ dQ =1/ KJ = H/ Q
The  laminar-flow  resistance  is  constant  and  is  analogous  to  the
electrical resistance.

Figure (a)

Figure (b)

Thermal resistance and thermal capacitance. The thermal resistance
R for heat transfer between two substances may be defined as follows:
R= change in temperature difference °C /  change in heat flow rate
kcalls
Thus,  the  thermal  resistance  for  conduction  or  convection  heat
transfer is given by R = d(118) = ~ dq K
Since the thermal conductivity and convection coefficients are almost
constant, the thermal resistance for either conduction or convection is
constant. The thermal capacitance C is defined by
C== change in heat stored kcal / change in temperature °C
Accordingly,  the  thermal  capacitance  is  the  product  of  the  specific
heat and the mass of the material. Therefore, thermal capacitance can
also be written as



C = mc
where
m = mass of substance considered, kg
c = specific heat of substance, kca/kg °C

b.) 

Figure 3. 



c.) 
A model is a simplified representation or abstraction of reality. Reality
is generally too complex to copy exactly. Much of the complexity is
actually irrelevant in problem solving.
Mathematical  model  is  a  set  of  mathematical  equations  (e.g.,
differential eqs.) that describes the input-output behavior of a system.

Classification of Mathematical Models:
• Linear vs. Non-linear
• Deterministic vs. Probabilistic (Stochastic)
• Static vs. Dynamic
• Discrete vs. Continuous
• White box, black box and gray box

d.) 
SIX steps involved in dynamic system approach are as follows:

1. Define the system and its components.
2. Formulate  the  mathematical  model  and  list  the

necessary assumptions.
3. Write the differential equations describing the model.
4. Solve the equations for the desired output variables.
5. Examine the solutions and the assumptions. 
6. If necessary, reanalyze or redesign the system.


