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22.
Lesson 22 Distance Formula and Midpoint Formula

To find the distance between two points in the Cartesian coordinate system, you need to know how to plot points on
the X and Y axes and understand the Pythagorean Theorem. The distance formula is the result of point plotting, making a
right triangle, and finding the hypotenuse of the right triangle. Consider Example 1.

Example 1 Find the distance between point A (1,3) and point B (5,6).

Step 1: Draw a line between point A and point B.
This is the distance that we are going to measure.

Step 2: Make a right triangle with the legs parallel to the X and Y axes,
and the line in Step1 as the hypotenuse.

Step 3: Find the length of the two legs.

Step 4: Use the Pythagorean Theorem to find (X leg)2 + (Y leg)2 = (Distance)2
the distance between the two points.

42 +32=D2
16 +9 =D2 5 j
3
25 =D2
The distance between point A and point B is 5 units. 5=D 4

The key to finding the distance between the two points is finding the length of the X and Y legs. Looking at the
coordinates of the points, notice the change, or difference, in the X coordinates and the Y coordinates. These give you
the length of the legs in the right triangle. The change in the X coordinate from point A to point B is from 1 to 5, so the
differenceis5-1 = 4.

The change in the Y coordinate from point A to point B is from 3 to 6, so the difference is 6 - 3 = 3. The length of the
legs could be written as AX and AY. The symbol A represents "change". AX means the change in X, and AY means the

change in Y. The distance formula can be rewritten as AX2 + AY2 = Distance? .

Distance2 = AX2 + AY2

Distance = 1}AX2 +AY2

Taking this further still, let's use variables to represent our two points. Representing point A is (Xa,Ya)or (Xq,Y1),
since it is the first point. Thus point B is (XB, YR ) or (X2, Y2 ). Now we'll use these coordinates in our formula for finding the
length of the legs. Subtract the X coordinates, Xg-Xa , to find AX, and subtract the Y coordinates,Yg - Ya to solve
for AY.

Substituting into the distance formula above, we have: Distance = -\IAX2 +AY? = -J(XB #XA)Z +(YB —YA)2
Replacing with the actual coordinates of Example 1: Distance = -\IAX2 +AY? = -ﬁ') - 1)2 +(6 —3)2
fromAto B 5 5
Distance = 14~ +3
Distance = 1[2_5
Distance = 5

Here is another example. Try to do it by yourself, then check your work with the solution on the next page.

Example 2  Find the distance between point 1 (1,5) and point 2 (-3,-2).
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Step 1: Draw a line between point A and point B.

>

Step 2: Make a right triangle.

| Ol

IINIIII

Step 3: Find the length of the two legs.
Step 4: Use the Pythagorean Theorem. ‘IBSZ

(X leg)2 + (Y leg)2 = (Distance)2 4
42 +72=D2 65

Jfi6+49 =D 7
465 =D 4

The distance between point 1 and point 2 is 1/65 units.

T

Or use the formula!

Distance = YAX? +AYZ = yf(Xg =X1)2 + (Y2 = ¥4)2 = 4J(-8-12 +(2-5)2 = (42 +(-7)2 = 65

from2to 1
Practice Problems  Use these five points for the following problems: A
A=(15);B=(-3,4); C=(-5,-3); D = (7,-6); E = (4,0). N
Find the distance between the points: ga LA
1) A&D 2) A&C 3) B&C 4) B&E 5y C&D T E
e
6) A&B 7) B&D 8) C&E 9) D&E 10) A&E T
C T
i "D
| &
Midpoint Formula  Finding the coordinates of the midpoint, or the halfway point,
between two points is much easier than finding the distance between two points. First find Midpoint
the midpoint of the X coordinate, then find the midpoint of the Y coordinate. You have the hN

coordinates of one point and that is the midpoint. Let's find the midpoint of Example 2,
between the points: (-3, -2) and (1,5). Adding the X coordinates and dividing by 2 gives us:
(-3+ 1) /2=-2/2 =-1. Adding the Y coordinates and dividing by 2 gives us: (-2 + 5) /2 = 3/2.
The midpoint is (-1, 3/2). Check the graph.

Xq+Xo Y1+Y2J

The midpoint formula, which has been underlined above is: ( 5 5

Practice Problems  Find the midpoint between the points:

1) A&D 2) A&C 3) B&C 4) B&E 5 C&D
6) A&B 7) B&D 8) C&E 9) D&E 10) A&E
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LESSON PRACTICE

Follow the directions.

1. Write the distance formula.

2. Write the midpoint formula.

3. Plot these points: A (-2, 3), B(1,5), C(3, -2), D (-1, -1), E (-4, -3).

4. Compute the distance between A and B.

5. Compute the distance between B and C.

6. Compute the distance between D and E.

7. Plot these points: A (-4, 4), B (3, 2), C (5, -3), D (2, -3), E (-5, -2).

8. Compute the distance between A and B.

9. Compute the distance between B and C.

10. Compute the distance between D and E.

ALGEBRA 2 LESSON PRACTICE 22A
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LESSON PRACTICE 22A

11. Plot these points: A (-6, 2), B (-2, 4), C (3, 4), D (4, -3), E (-2, -2).

A

12. Find the midpoint between points A and D.

A

\ 4

13. Find the midpoint between points B and D. T

14. Find the midpoint between points E and C.

15. Plot these points: A (0, 0), B (-3, 5), C (5, 1), D (0, -3), E (-4, -1).

T A

16. Find the midpoint between points A and C.

A

Y

17. Find the midpoint between points B and E.

18. Find the midpoint between points A and D.

262 ALGEBRA 2




SYSTEMATIC REVIEW

Given points A (1,-1), B (5,-3), C (2, -6), D (-4, -2), and E (-3, 4):

1.

2. Draw a line between A and E. A
S S ) P B HEN
3. Make a right triangle. _ L]
- | -
4. Find the length of the legs. -
| v [TT1T]
5. Use the Pythagorean theorem to find the distance between points A and E.
6. Compute the distance between points B and D.
7. Compute the distance between points B and C.
8. Compute the distance between points C and E.
9. Find the midpoint between points C and D.
10. Find the midpoint between points B and E.
11. Find the midpoint between points C and E.
[ A L J
{ |
Given the points (4, 1) and (-1, -2): T
< >
12. Find the slope/intercept formula of the line. i |
% || 1
E HEEERE
[ [TV |

13. Graph the line.

Plot points A, B, C, D, and E.

ALGEBRA 2 SYSTEMATIC REVIEW 22E
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SYSTEMATIC REVIEW 22E

Given the line Y =3/4 X + 2:

14. Find the slope/intercept formula of the line parallel to the given line

through the point (1, -3).

15. Graph the line.

Given thelineY=-1/2X + 1:

16. Find the slope/intercept formula of the line perpendicular to the given line

through the point (0, 3).

17. Graph the line.

Given -4Y < 3X + 2:

18. Graph the line.

19. Plot two points and test them.

20. Shade the graph, and make the line dotted or solid.

270
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Kuta Software - Infinite Algebra 2
Function Operations

Perform the indicated operation.

1) g(n)=n2+4+2n
h(n)=-3n+2
Find (g - h)(1)

3) h(x)=3x+3
g(x) =—4x+1
Find (h + g)(10)

5) g(x) =2x-5
h(x)=4x+5
Find g(3) — h(3)

7 gt)=1"+3
h(r) =413
Find (g - h)(-1)

9) g(x) =—x>—1-2x
flx)=x+5
Find (g - f)(x)

11) gla)=-3a-3
f(a) =a*+5
Find (g - £ )(a)

Name
Date
2) flx)=4x-3
g(x) =x°+2x

Find (f — ¢)(4)

4) g(a)=3a+2
f(a)=2a—4

Find (?)(3)

6) g(a) =2a-1
ha)=3a-3
Find (g - h)(—4)

8) g(n) =3n+2
f (n) =2n*+5
Find g(f(2))

10) f(x)=3x-1
g(x) =x’—x

Find (i)(x)

8

12) h(r) =21+ 1
gt)=2r+2
Find (h — g)(¢)

Period



13) f(x)=2x>-5x2

g(x) =2x-1
Find (f - ¢)(x)

15) g(a) =-3a*-a
ha) =-2a -4

Find (%)(a)

17) h(a) = 3a
gla)=—-a’ -3

Find (ﬁ)(a)

8

19) h(x)=x*-2
g(x) =4x+1
Find (h o g)(x)

21) glx)=2x-2
f(x) =x% + 3x

Find (go f)(-2 + x)

14) h(n)=4n+5
g(n) =3n+4
Find (h — g)(n)

16) f(n)=2n
gln)=-n-4
Find (f ° g)(n)

20) glr)=2t+5
flo)=—1*+5
Find (g + f)(r)

22) gla)=2a+2
ha)=-2a-5

Find (g o h)(—4 + a)



Kuta Software - Infinite Algebra 2
Function Operations

Perform the indicated operation.

1) g(n)=n2+4+2n

h(n)=-3n+2
Find (g - h)(1)
—7

3) h(x)=3x+3
g(x) =—4x+1
Find (h + g)(10)

-6

5) g(x) =2x-5
h(x)=4x+5
Find g(3) — h(3)

-16

7 gt)=*+3

h(t) = 41 -3
Find (g - h)(-1)
-28

9) g(x):—x2 -1-2x

flx)=x+5
Find (g - f)(x)
—x>=3x-6

11) gla)=-3a-3
f(a) =a*+5
Find (g — f)(a)

—a*>-3a-8

Name
Date
2) flx)=4x-3
g(x) =x°+2x
Find (f — g)(4)
-59
4) g(a) =3a+2
f(a) =2a—4
. 8
Find [—=|(3
" (f )< )
E
2
6) g(a) =2a-1
ha) =3a -3
Find (g - 1)(-4)
135

8) g(n) =3n+2
f (n) =2n*+5
Find g(f(2))

41

10) f(x)=3x-1
g(x) =x’—x

Find (é)u)

3x—1

2
X —X

12) h(r)=2r+1
gt)=2r+2
Find (h — g)(¢)
-1

Period



13) f(x)=2x>-5x2
g(x) =2x-1
Find (f - g)(x)

4x* —12x° + 542

15) g(a) =-3a*-a

h(a) = —-2a -4
Find (%)(a)
-3a*-a
—2a -4

17) h(a) = 3a
gla)=-a’ -3

Find S)(a)

3a

—a’-3

19) h(x)=x*-2
g(x) =4x+1
Find (h o g)(x)

16x*> +8x—1

21) glx)=2x-2
f(x) =x% + 3x
Find (go f)(-2 + x)

2x2=2x—6

14) h(n)=4n+5
g(n) =3n+4
Find (h — g)(n)

n+1

16) f(n)=2n
g(n) =-—n—4
Find (f  g)(n)

-2n—28

18) g(n)=2n+3

h(n) =n-1
Find (g o h)(n)
2n+1

20) glr)=2t+5
flt)=—*+5
Find (g + f)(r)

> +2t+10

22) gla)=2a+2
ha)=-2a-5
Find (g o h)(—4 + a)

—4a+ 8

Create your own worksheets like this one with Infinite Algebra 2. Free trial available at KutaSoftware.com
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Kuta Software - Infinite Algebra 2
Evaluating Functions

Evaluate each function.

1) h(r)=|¢+2| + 3; Find h(6)

3) w(t) =-21+ 1; Find w(-7)

5) h(n)=-2n* + 4; Find h(4)

7) f(x)=x* - 3x; Find f(-8)

9) p(r)=4t—5; Find plt—2)

11) w(n) = 4n + 2; Find w(3n)

13) h(x)=4x-2; Find h(x+2)

15) g(n) = n3 — 5n%; Find g(—4n)

17) pla)=a’ - 5; Find p(x—4)

Name

Date

2) gla)=3%"7; Find g(1)

4) g(x) = 3x - 3; Find g(—6)

6) h(r)=-2-5"""; Find h(-2)

8) pla)=-4"; Find p(-1)

10) g(a) = 4q; Find g(Za)

12) wl(a) = a + 3; Find wla +4)

14) k(a)=—-4"**; Find Ka - 2)

16) f(n)=n*—2n; Find f(n?)

18) hlt)=2" 3'*3. Find h(4 +1)

Period

s
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