126 A Solution to Midterm Exam 1

1. (12 pts) A particle moving along a curve has position vector r(t) = (¢, t* + 1, t* —t).

(a) Find the time ¢ at which the velocity vector is perpendicular to the acceleration vector.
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(b) Does the curve intersect the line x = t+1, y = 2t+3, z = t7 (must show work to receive

credit.)
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2. (12 pts) Let C be the curve of intersection of

the plane  —2y —z =1 and the cylinder 3> + 2* =4
(a) Find a vector function r(¢) for the curve C. Do not involve any square root function.
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(b) Find a line that intersects the curve C' at the point (3,0,2) and is perpendicular to the
curve at this point (i.e., the angle of intersection between the curve and the line at the point
is m/2). The answer is not unique, give a parametric equation for one such line that is not

parallel to the z, y, or z—axis.
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3. (7 pts) Find an equation for the surface containing all the points whose distance to the point
(0,3,0) is twice its distance to the xz—plane. Simplify the equation and identify it as one of
the six standard forms of quadric surfaces.

—

N (c-ofs 0)" = 214
-3+ 2" = 4‘7)
%27 wytyeey =T
ra’= 3yl
r 2= 3 ?’-‘WVH ~1)-17

Cr2 = €{7+/)”//2,
szﬂﬂ%/gﬂ)i;l-,/z = %7414&»#0/,;4 ,?{,Jm sheedts

4. (7 pts) Find an equation for the plane that contains the point P(3,7,3) and the line
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5. (12 pts) Given that a = (2,1,2) and comp, b = 5 (i.e., the scalar projection of b onto a is 5).

(a) Find proja b.
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(c) Find an example of such a vector b that is not parallel to a. The answer is not unique.
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(d) If you are also given that |a x b| = 12, find the angle between a and b.
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6. (12 pts) A particle is moving along the curve in the graph below. At the point P, the velocity
vector of the particle is v = (—3,4) and it is speeding up at a rate of 15 m/sec?. You are

also given that the curvature of the curve at the point P is k = 5

(a) On the given graph, sketch the unit tangent vector T and the unit normal vector IN at
the point P. Then explicitly find the vectors T and N at the point P.
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(b) Find the tangential component ar and the normal component ay of the acceleration

vector at the point P.
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(c) Use your answer in the previous parts to find the y—component of the acceleration

vector at the point P.
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