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Problem 1: Describe the curve that is parameterized by
x = t y = t2.

Problem 2: Describe the curve that is parameterized by
x = − cos (t) y = sin (t).

Problem 3: Describe the curve that is parameterized by
x = cos t y = sin t z = t.

Problem 4: Describe the curve that is parameterized by
x = 2 sin t y = 2 cos t z = −t.

Problem 5: Find parameterizations for the following line segments.
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17.1 PARAMETERIZED CURVES 923

Exercises and Problems for Section 17.1
Exercises

In Exercises 1–6, find a parameterization for the curve shown.
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2 Segment
of parabola

In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.
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17.1 PARAMETERIZED CURVES 923

Exercises and Problems for Section 17.1
Exercises

In Exercises 1–6, find a parameterization for the curve shown.
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2 Segment
of parabola

In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.
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Exercises and Problems for Section 17.1
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In Exercises 1–6, find a parameterization for the curve shown.
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of parabola

In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.

Problem 6: Find parameterizations for the following curves.
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Exercises and Problems for Section 17.1
Exercises

In Exercises 1–6, find a parameterization for the curve shown.
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In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.
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In Exercises 1–6, find a parameterization for the curve shown.
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In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.

(c) blank

17.1 PARAMETERIZED CURVES 923

Exercises and Problems for Section 17.1
Exercises

In Exercises 1–6, find a parameterization for the curve shown.
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In Exercises 7–17, find parametric equations for the line.

7. The line in the direction of the vector i⃗ − k⃗ and through

the point (0, 1, 0).

8. The line in the direction of the vector i⃗ + 2⃗j − k⃗ and

through the point (3, 0, −4).

9. The line parallel to the z-axis passing through the point

(1, 0, 0).

10. The line in the direction of the vector 5⃗j + 2k⃗ and

through the point (5, −1, 1).

11. The line in the direction of the vector 3⃗i − 3⃗j + k⃗ and

through the point (1, 2, 3).

12. The line in the direction of the vector 2⃗i + 2⃗j − 3k⃗ and

through the point (−3, 4, −2).

13. The line through (−3, −2, 1) and (−1, −3, −1).

14. The line through the points (1, 5, 2) and (5, 0, −1).

15. The line through the points (2, 3, −1) and (5, 2, 0).

16. The line through (3, −2, 2) and intersecting the y-axis at

y = 2.

17. The line intersecting the x-axis at x = 3 and the z-axis

at z = −5.

In Exercises 18–34, find a parameterization for the curve.

18. A line segment between (2, 1, 3) and (4, 3, 2).

19. A circle of radius 3 centered on the z-axis and lying in

the plane z = 5.

20. A line perpendicular to the plane z = 2x − 3y + 7 and

through the point (1, 1, 6).

21. The circle of radius 2 in the xy-plane, centered at the ori-

gin, clockwise.

22. The circle of radius 2 parallel to the xy-plane, centered at

the point (0, 0, 1), and traversed counterclockwise when

viewed from below.

23. The circle of radius 2 in the xz-plane, centered at the ori-

gin.

24. The circle of radius 3 parallel to the xy-plane, centered

at the point (0, 0, 2).

25. The circle of radius 3 in the yz-plane, centered at the

point (0, 0, 2).

26. The circle of radius 5 parallel to the yz-plane, centered

at the point (−1, 0, −2).

27. The curve x = y2 in the xy-plane.

28. The curve y = x3 in the xy-plane.

29. The curve x = −3z2 in the xz-plane.

30. The curve in which the plane z = 2 cuts the surface

z =
√

x2 + y2.

31. The curve y = 4 − 5x4 through the point (0, 4, 4), par-

allel to the xy-plane.

32. The ellipse of major diameter 5 parallel to the y-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

33. The ellipse of major diameter 6 along the x-axis and mi-

nor diameter 4 along the y-axis, centered at the origin.

34. The ellipse of major diameter 3 parallel to the x-axis

and minor diameter 2 parallel to the z-axis, centered at

(0, 1, −2).

In Exercises 35–42, find a parametric equation for the curve

segment. (There are many possible answers.)

35. Line from (−1, 2, −3) to (2, 2, 2).

36. Line from P0 = (−1, −3) to P1 = (5, 2).

37. Line from P0 = (1, −3, 2) to P1 = (4, 1, −3).

38. Semicircle from (0, 0, 5) to (0, 0, −5) in the yz-plane

with y ≥ 0.

39. Semicircle from (1, 0, 0) to (−1, 0, 0) in the xy-plane

with y ≥ 0.

40. Graph of y =
√

x from (1, 1) to (16, 4).

41. Arc of a circle of radius 5 from P = (0, 0) to Q =
(10, 0).

42. Quarter-ellipse from (4, 0, 3) to (0, −3, 3) in the plane

z = 3.
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Problem 7: Find a parameterization for the following curves.
(a) A circle of radius 3 centered on the z-axis and lying in the plane z = 5.

(b) The circle of radius 2 in the xy-plane centered at the origin, clockwise.

(c) The circle of radius 2 in the xz-plane centered at the origin.

(d) The curve in which the plane z = 2 cuts the surface z =
√

x2 + y2.

Problem 8: Find a parameterization of the line segment from P = (2, 5) to Q = (12, 9) so that
P corresponds to t = 1 and Q to t = 5.


