Problem 1. (20 points) A particle moves through space according to the vector-valued function
given by 7(t) = (3t +1)i + 27 + (6t + 1)k, where —o00 < ¢ < oo.

(a) Calculate the particle’s velocity vector.

(b) Calculate the particle’s acceleration.

(c) Calculate the curvature of the particle’s trajectory.

(d) When is the curvature maximized and what is the maximum curvature?
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Problem 2. (10 points) Let P = (0,0,0), @ = (2,1,1) and R = (—4,3,1).
(a) Find a normal vector to the plane which contains the triangle PQR.
(b) Find the area of the triangle PQR.

(c) Find the equation of the plane containing the triangle PQR.
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Problem 3. (5 points) Find the equation of the tangent line to the curve defined by the position
vector 7(t) = ti + t25 + t3k at the point (2,4, 8).
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Problem 4. (10 points) Find a parametric equation for the line L which passes through the point
(3,1, —6) and is parallel to the intersection of the two planes 3z — 2y—5z="Tand 4z+3y+5z = 2.




Problem 5. Say 4 and ¥ are vectors such that || > 0 and |#] > 0. Suppose also that & x 7 = 7 X @.
What can you say about the angle between @ and #?
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Problem 6. (10 points) The posxtlon of a particle traveling in the three dimensional space is given
by the equation 7(t) = (cost)i + (sint)j + tk.

(a) Find the distance traveled by the particle from time ¢ = 0 to the time ¢ = 10.

(b) Where is the particle when it has traveled a distance of w+/2?
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Problem 7. (10 points) The planes 4z — 5y +2z =2 and 4z — %Y + z = 3 are parallel. Find the
distance between them.
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Problem 8. (10 points) Let 7(t) = (cos3 t)i + (sin® )7 + cos(2t)k, where 0 < t < 5-
(a) Find the unit tangent vector to 7(t) at ¢
(b) Find the length of the curve.
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Problem 9. (10 points) Show that if a particle moves with constant speed, then the velocity and
acceleration vectors are orthogonal.

g)m\ ) = | PO cmdaut sr«atch) = VPO o bt
Howerer 4 2@y 2 d @) ¢®) = 2 V(D) - V)

= 2 P2 -a (+)

e -
ku 02\71({—)—0?({—)_—_0 e, &)L alle)

11



Problem 10. (10 points) Find an equation for the plane parallel to the plane 2z —y + 2z = —4 if
the point (3,2, —1) is equidistant from the two planes.
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