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A composite block of insulating material occupies the region in 30 space defined 
by 1 $ x $ 3, -x $ y $ 2x, and 0 $ z $ x + y 2. At any point (x,y,z), the 
volumetric heat capacity is proportional to the x-coordinate i.e. f(x, y, z) = X• 10 
Evaluate the triple integral J J fv f(x,y,z)dV representing the total heat 
capacity of the block. 
In medical scanning techniques, such as MRI or CT, volumetric reconstruction of 
organs is often performed using mathematical functions that represent density or 
composition inside the body. Suppose the cross-sectional density distribution 
inside a perfectly spherical organ (like an eyeball) of radius 1 unit is given by the 
function f (x, y) = 1 

at any point (x, y, z) inside the organ. Calculate the Ji-x2-y2-z2 

total density measure inside the organ i.e. JfJ,c 1 
2 2 

dxdydz where C is 
Ji-x2-y -z 

interior of the spherical organ x2 + y2 + z2 = 1 by transforming into spherical 
coordinates. • --------
In fluid mechanics, the circulation of a velocity fif'id around a closed curve is often 
computed using Green's theorem in~;tead pf r: '.laluating the line integral directly. 
Suppose the velocity field of a fluid in th,: f)!:me is given by F = x2 (1 + y)t + 
(x3 + y3)J. Let the boundary C be the sc;u,H ,_, pl<.CtF.' in the plane with corners at 
x = ±1 and y = ±1. Verify Greens H,tiorcrr, fer U1is velocity field. 
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1----,.0t-----------------·---------------+----+--+---i , y In the study of fluid dynamics for biOmedical eng[neering, consider a blood flow 
' velocity field within a vessel given by f = 3yzi' + 2zxj + 4xyk where x, y, z 

correspond to coordinates inside a vessel. Prove whether the velocity field 
describes a flow without local spinning (i.e., test if Lt is irrotational) and discuss 

y 

the physical implications for blood flow. Now consider the modified field 
(x2yz3)F which could represent the velocity distribution for blood under the 
influence of a localized medication effect. Determine whether this new field is 
irrotational and solenoidal, and interpret the results in the context of mass 
conservation in biomerucal nows. For the irrotational field, fi_!!.d the_ scalar 
potential function. 
The charge q(t) on the capacitor at any time t in the LCR circuit, with the 
resistance 6 n, inductance 0.5 H, capacitance 0.02 F, with zero emf. Find the 
charge q(t) and the current i(t) at time t when: (i) the initial current is one and 
charge on the capacitor is zero and (ii) the,.initial current is zero and charge on the 
capacitor is one. 

• •••••••••••••• 

10 3 3 

10 4 3 

Page 1 of 1 



{"type":"Form","isBackSide":false,"languages":["en-us"],"usedOnDeviceOCR":false}



