Sp'14: MATH 2443-008 Calculus 1V Noel Brady

Friday 02/14/2014 Midterm | 50 minutes

Name: Student ID:

Instructions.

1. Attempt all questions.
2. Do not write on back of exam sheets. Extra paper is available if you need it.
3. Show all the steps of your work clearly.

4. No calculators, no notes, no books.

Question | Points | Your Score

Q1 25
Q2 25
Q3 25
Q4 25

TOTAL | 100




Q1]...[25 points] The temperature T at a point (z,y) in a planar region is given by the function
T(z,y) = 4z% — y®. Suppose that units of measurement along the z- and y-axes are in inches.

(a) Draw some isotherms (curves of constant temperature), including the curves where T'= 0.

(b) In what direction should an ant located at the point (2, 1) move if it wishes to cool off as quickly as
possible?

(c) If the ant starts walking at 2 inches per second in the direction you found above, what is the rate of
change of temperature that the ant experiences? (Your answer will be in degrees per second. )



Q2]. .. [25 points] Suppose z = f(z,y) has continuous second order partial derivatives, and suppose that
z = s? —t? and y = 2st.

(a) Find an expression for z, (that is, for %) in terms of the first order partial derivatives, z, and z,, of
z with respect to z and y.

(b) Find an expression for z; in terms of the first order partial derivatives of z with respect to = and y.

¢) Find an expression for z (that is, for %2 in terms of the first and second order partial derivatives
Ot0s
of z with respect to « and y.



Q3]. .. [25 points] State the second derivative test for the function f(z,y) at the critical point (a, b).

The function f(z,y) = z® + y> — 3zy has two critical points. Find these critical points, and then use
the second derivative test to classify them.



Q4]...[25 points] Find the equation of the tangent plane to the surface zyz + 30 = 0 at the point
(—3,2,5). Show your work.

The point (—3,2,5) also lies on the surface z = 2% — y2. The two surfaces zyz + 30 = 0 and 2z = 7% — y?
intersect in a curve passing through (—3,2,5). Find a tangent vector to this curve at the point (-3,
(Hint: Such a tangent vector lies in the tangent plane to the surface zyz + 30 = 0 at the point (-3,
it also lies in the tangent plane to the surface z = z% — y? at the point (—3,2,5).)
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Q1]...[25 points] The temperature T' at a point (z,y) in a planar region is given by the function
T(z,y) = 42? — y%. Suppose that units of measurement along the z- and y-axes are in inches.

(a) Draw some isotherms (curves of constant temperature), including the curves where T' = 0.
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(c) If the ant starts walking at 2 inches per second in the direction you found above, what is the rate of
change of temperature that the ant experiences? (Your answer will be in degrees per second.)
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Q2]...[25 points] Suppose z = f(z,y) has continuous second order partial derivatives, and suppose that
z = 5% —t? and y = 2st.

(a) Find an expression for z, (that is, for 22) in terms of the first order partial derivatives, 2, and 2, of

z with respect to z and y.
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(b) Find an expression for z; in terms of the first order partial derivatives of z with respect to z and y.
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(c) Find an expression for zy; (that is, for 2 6t8 Z) in terms of the first and second order partial derivatives

of z with respect to x and y.
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Q3]... [25 points] State the second derivative test for the function f(z,y) at the critical point (a, b).
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The function f(z,y) = 2° + ¥® — 3zy has two critical points. Find these critical points, and then use
the second derivative test to classify them.
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Q4]...[25 points] Find the equation of the tangent plane to the surface zyz + 30 = 0 at the point
(—3,2,5). Show your work.
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The point (—3,2,5) also lies on the surface z = z? — % The two surfaces zyz + 30 =0 and 2z = z? —9?
intersect in a curve passing through (—3,2,5). Find a tangent vector to this curve at the point (—3,2,5).
(Hint: Such a tangent vector lies in the tangent plane to the surface zyz + 30 = 0 at the point (—3,2,5);
it also lies in the tangent plane to the surface 2 = z2 — y? at the point (—3,2,5).)
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