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1.
N0 grams of a solid material was placed in W g of water at time t0.  The liquid was continuously stirred and maintained at a constant temperature.  At the end of t1 sec, N1 g of solid remained undissolved.  At the end of a very long period of  time, N2  g of solid remained undissolved. Set up the differential equation required to determine the rate of solution of the solid in terms of N0, N1, N2 and t0, t1.  Do not integrate the expression.
2.
Discuss about the rate equations for Homogeneous chemical reactions.
3.a)
If x increases at the rate of 2cm/Sec at the instant when x = 3cm and Y = 1 cm at what rate must y be changing in order that the function 2xy - 3x2 y shall neither be increasing nor decreasing.

b) 
Find the total differential coefficient of x2 y with respect to x when x and y are connected by the relation x2 + xy  + y2  =  1.

4.
Discuss the maxima and minima of (a) x3y3(1-x-y)

(b) 2(x2-y2)-x4+y4
5.a)
 Define a vector. Distinguish between vectors and scalars by giving examples. 

   b)
 Explain the laws of vector addition and subtraction. 


      
6.a)
Explain the concept of line integral. Define circulation of a vector. 



b)
Evaluate the line integral 
[image: image1.wmf]ò
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. dR where F= 3xyi +y2j and the space curve c is the Curve in the xy- plane y=2x2 from (0, 0) to (1, 2) 




7.
A solid cylinder of infinite length and radius R has an initial temperature distribution T= f (r), where r is the local radius. The surface at r=R is suddenly brought to and maintained at the temperature T1. Determine the interior temperature as a function of time. Compute the temperature distribution if T = f (r) = To = 70o F, T1=1500o F, R= 2 ft, and the solid is steel.

8.
A solid is bounded internally by the sphere r = R. The solid extends to infinity otherwise. At zero time the solid temperature is everywhere T0. Immediately thereafter, the spherical surface at r = R is brought to and maintained at the temperature T1. Find the temperature in the solid as a function of time and position.
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1.
A tank initially contains 50 gallons of fresh water.   Brine, containing 2 pounds per gallon of salt, flows into the tank at the rate of 2 gallons per minute and the mixture kept uniform by stirring, runs out at the same rate.  How long will it take for the quantity of slat in the tank to increase from 40 to 80 pounds?
2.
Form a linear differential equation with constant coefficients for consecutive reversible reactions at constant volume.

3.
If z = 2xy2 - 3x2y and if x increases at the rate of 2cm/sec and it passes through the value x = 3cm, show that if y is passing through the value y = 1cm, y must be decreasing at the rate of 2 2/15 cm/sec in order that z will remain constant.

4.
The temperature T at any point (x,y,z) in space is T=400xyz2. Find the highest 
temperature on the surface of the unit sphere x2 + y2 + z2 + 1.
5.a)
Explain in detail the concept of unit vector.




     

b)
Find a unit vector parallel to the sum of the vectors R1=2i +4j – 5k and R2=i + 2j +3k.







     
6.      
Find the work done in moving a particle in the force field

            F = 3x2 ( i + (2xz –y) ( j   + z ( k  along 

   
(a) The straight line from (0,0,0) to (2,1,3).




 

            (b) The curve define by x2=4y, 3x3=8z from x=0 to x=2.  Use the concept of line    integral.              





7.
A hollow cylinder has the inner face (r = Ro) maintained at T=fo (θ) and the outer face (r = R1) maintained T= f1(θ). Determine the steady-state temperature distribution within the cylinder.  θ denotes a coordinate in a cylindrical coordinate system. 

8.a)
Two concentric cylindrical metallic shells of radii a & b (i.e. a < b) are separated by a solid material. If the two metal surfaces are maintained at different constant temperatures Ta & Tb, derive the steady state temperature distribution within the separating material. Heat is transferring from inner surface to outer surface by conduction by assuming the thermal conductivity of solid k is constant.

b)
Consider a perfectly mixed stirred-tank heater, with a single feed stream and a single product stream. Assuming that the flow rate and temperature of the inlet stream can vary, that the tank is perfectly insulated, and the rate of heat added per unit time (Q) can vary, develop a model to find the tank temperature as a function of time. State your assumptions. 
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1.
A tank contains 1000 gallons of brine in which 4000 lb of salt are dissolved.  Fresh water runs into the tank at the rate of 8 gallons / minute and the mixture kept uniform by stirring, runs out at the same rate.  How long will it be before only 200 lb of slat is left in the tank?

2.
Discuss about the flow process from the Eulerian point of view.
3.
At a given instant the sides of a rectangle are 4ft and 3 ft respectively and they are increasing at the rate of 1.5 ft/sec and 0.5 ft/sec respectively.  Find the rate at which the area is increasing at that instant.

4.a)
Find the minimum value of x2 + y2 + z2 given that (i) xyz =a3 (ii) Ax + bx =cz= P.

   b)
Given x + y + z = a.  Find the maximum value of xm yn zp
5.a)
Explain the Scalar or Dot product. Show that Dot product follows both             Commutative and distributive laws.





     
   b)
Show that the vectors i + 3j + 2k and 2i + 2j – 4k are perpendicular. 
     
6.a)
Explain the concept of surface integral. Write the divergence theorem 


b)
If velocity vector is F = yi + zj + xz k (ft/s), show that the flux of water through            the parabolic cylinder y = x2, 0 ( x  ( 3, 0 ( z ( 2 is 69 (ft3/s).  Use the concept of             Surface integral 
7.
A slab of porous material is to be dried from both faces at a constant rate of              Wlb/(hr)(ft2). The initial moisture content of the slab is uniform at C0 pcf. The movement of moisture through the slab is in the x direction only, and the rate of movement is proportional to the concentration gradient of the moisture in the slab, dc/dx. If the slab is of thickness l, determine the concentration of moisture within the slab as a function of time and distance. Show that, as the drying time increases, the concentration distribution becomes parabolic.

8.
The "heat capacity" of some house is 3300 kJ/oC. That is, 3300 kJ of heat raises the temperature of house by 1oC. The heater in the house can supply heat at a maximum rate of 5.2 x 104 kJ/hr. If the inside temperature is 5oC and the outside temperature is  - 15oC (minus 15 deg C), the heater at its maximum rate is kept on at 8:00 pm . Heat escapes from house through conduction through the walls and roof. The rate of  heat loss, qloss in kJ/hr, is proportional to the difference between the inside temperature and the outside temperature: qloss = k(Tinside - Toutside), where k = 740 kJ/(oC.hr). Find out at what time the temperature in the house will be 20oC by considering the heat loss by conduction through the walls and roof.   
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1.
A tank is initially filled with 100 gallons of salt solution containing 1 lb of slat per gallon.  Fresh brine containing 2 lb. of slat per gallon runs into the tank at the rate of 5 gallons per minute and the mixture assumed to be kept uniform by stirring, runs out at the same rate.  Find the amount of salt in the tank at any time, and determine how long it will take for this amount to reach 150 lb.

2.
Discuss about the flow process from the Lagrangian point of view.

3. 
If the three thermodynamic variables P, V, and T are connected by a relation    (P,V,T) = 0 show that :


((P/(T)V ((T/(V)P ((V/(P)T   =  -1

4.
Simplify the equation ax (( ( / (x)y + ay ((( / (y)x where a and b are constants and ( is a function of x and y.

5.a)
Explain the vector or cross product. Show that the commutative law does not hold        

            for vector product. 







 
   b)
Given A = 2i + 2j – k     B = 6i – 3j + 2k find A X B

6.
Write down the coordinate transformations for cylindrical coordinates and spherical coordinates for the following




(a) Unit vectors     (b) Position vector     (c) Arc length 
(d) Element of Volume 
7.
The void volume of a sphere of porosity P and radius R is filled with a liquid containing a concentration Co of a dissolved organic compound. The sphere is placed in a small volume v of the same liquid containing a concentration Yo of the organic compound. As a result of the concentration difference, some of the organic compound is transferred from the inside of the sphere to the surrounding liquid. Within the sphere, diffusion controls the transport of the compound. The external liquid is mechanically mixed. Determine the rate at which the organic compound is transferred from the sphere to the surrounding liquid.

8.
Assume that two chemical species, A and B, are in a solvent feed stream entering a liquid-phase reactor that is maintained at a constant temperature. Two species react irreversibly to form a third species, P. Find the reactor concentration of each species as a function of time.
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