
𝐻𝑜𝑤 𝑙𝑜𝑛𝑔 𝑡𝑜 𝑑𝑟𝑖𝑣𝑒 125 𝑘𝑚

 𝑡𝑟𝑎𝑣𝑒𝑙𝑙𝑖𝑛𝑔 25
𝑘𝑚

ℎ𝑟
⎯⎯⎯?

𝐻𝑜𝑤 𝑓𝑎𝑟 𝑤𝑖𝑙𝑙 𝑦𝑜𝑢 𝑑𝑟𝑖𝑣𝑒

 𝑎𝑡 25
𝑚

𝑠
⎯⎯ 𝑓𝑜𝑟 15 𝑠?

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡

𝑑 = 25 × 15

𝑑 = 375 𝑚

            𝑣 =
𝑑

𝑡
⎯⎯

          25 =
𝑑

15
⎯⎯⎯

15 × 25 =
𝑑

15
⎯⎯⎯× 15

             𝑑 = 375𝑚

𝑣 =
𝑑

𝑡
⎯⎯

𝑡 =
𝑑

𝑣
⎯⎯

𝑡 =
125

25
⎯⎯⎯

𝑡 = 5 ℎ𝑟

         𝑣 =
𝑑

𝑡
⎯⎯

       25 =
125

𝑡
⎯⎯⎯

𝑡 × 25 =
125

𝑡
⎯⎯⎯ × 𝑡

     25𝑡 = 125

     
25𝑡

25
⎯⎯⎯ =

125

25
⎯⎯⎯

          𝑡 = 5 ℎ𝑟

𝑠 =
𝑑

𝑡
⎯⎯

𝑠 =
40

5
⎯⎯⎯

𝑠 = 8
𝑚

𝑠
⎯⎯

Find the speed 
travelling 40 m 
in 5 s?

Algebra

Isolate 1st

𝑠 =
𝑑

𝑡
⎯⎯ Units!

𝑣 =
𝑑

𝑡
⎯⎯

𝑣 =
40

5
⎯⎯⎯

𝑣 = 8
𝑚

𝑠
⎯⎯

𝑣 =
𝑑

𝑡
⎯⎯

Find the velocity 
travelling 40 m 
in 5 s?

Walk 375 m E and then 125 m W in 25 s. Find d, 𝑑, 𝑠, 𝑎𝑛𝑑 𝑣.

375𝑚

125𝑚
𝑑 = 375 + 125
𝑑 = 500𝑚

𝑑 = 375 − 125

𝑑 = 250𝑚
𝑠 =

𝑑

𝑡
⎯⎯

𝑠 =
500

25
⎯⎯⎯

𝑠 = 20
𝑚

𝑠
⎯⎯

𝑣 =
𝑑

𝑡
⎯⎯

𝑣 =
250

25
⎯⎯⎯

𝑣 = 10
𝑚

𝑠
⎯⎯

Walk 300 m N and then 400 m E in 25 seconds. Find d, 𝑑, 𝑠, 𝑎𝑛𝑑 𝑣.

400𝑚

300𝑚

𝑑 = 500 𝑚

𝑑 = 400 + 300
𝑑 = 700𝑚

𝑠 =
𝑑

𝑡
⎯⎯

𝑠 =
700

25
⎯⎯⎯

𝑠 = 28
𝑚

𝑠
⎯⎯

𝑣 =
𝑑

𝑡
⎯⎯

𝑣 =
500

25
⎯⎯⎯

𝑣 = 20
𝑚

𝑠
⎯⎯

𝑁

𝐸
+

500𝑚

𝑐 = ඥ𝑎ଶ + 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 

𝑐 = ඥ300ଶ + 400ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑐 = 500

𝐷𝑟𝑖𝑣𝑒 2ℎ𝑟𝑠 @ 30
𝑘𝑚

ℎ
⎯⎯⎯+ 3ℎ𝑟𝑠 @ 40

𝑘𝑚

ℎ
⎯⎯⎯

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡

𝑑 = 30 × 2

𝑑 = 60

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡

𝑑 = 40 × 3

𝑑 = 120

𝑣௔௩ =
𝑑௧௢௧௔௟

𝑡௧௢௧௔௟
⎯⎯⎯⎯⎯

𝑣௔௩ =
180

5
⎯⎯⎯

𝑣௔௩ = 36
𝑘𝑚

ℎ
⎯⎯⎯

𝑑௧௢௧௔௟ = 60 + 120
            =180𝑘𝑚

𝑡௧௢௧௔௟ = 2 + 3
            = 5 ℎ𝑟𝑠

60𝑘𝑚 120 𝑘𝑚 𝑣௔௩
∗ =

𝑑௧௢௧௔௟

𝑡௧௢௧௔௟
⎯⎯⎯⎯⎯

𝑣௔௩
∗ =

𝑣௙ + 𝑣௜

2
⎯⎯⎯⎯⎯⎯

𝑣௔௩
∗ =

40 + 30

2
⎯⎯⎯⎯⎯⎯⎯

𝑣௔௩
∗ ≠ 35

Cannot use formula
     𝑎 ≠ 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑡   𝑑
0  0
1  8
2  16
3  24
4  32
5  40 Obviously!

𝑑 = 40

𝑡 = 5
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𝑎 =
∆𝑣

∆𝑡
⎯⎯⎯=

𝑣௙ − 𝑣௜

𝑡
⎯⎯⎯⎯⎯⎯

𝐹𝑖𝑛𝑑 "a" 𝑖𝑓 𝑎 𝑐𝑎𝑟 𝑔𝑒𝑡𝑠 

𝑡𝑜 39
𝑚

𝑠
⎯⎯ 𝑖𝑛 3 𝑠 𝑓𝑟𝑜𝑚 𝑟𝑒𝑠𝑡.

𝑎 =
∆𝑣

𝑡
⎯⎯⎯

𝑎 =
39 − 0

3
⎯⎯⎯⎯⎯⎯

𝑎 = 13
𝑚

𝑠ଶ⎯⎯

𝐹𝑖𝑛𝑑 "t" 𝑖𝑓 𝑖𝑡 𝑡𝑎𝑘𝑒𝑠 𝑎 𝑏𝑜𝑎𝑡 𝑓𝑟𝑜𝑚

𝑟𝑒𝑠𝑡 𝑡𝑜 36
𝑚

𝑠
⎯⎯ 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑡 9

𝑚

𝑠ଶ⎯⎯?

𝑎 =
∆𝑣

𝑡
⎯⎯⎯

𝑡 =
∆𝑣

𝑎
⎯⎯⎯

𝑡 =
36

9
⎯⎯⎯

𝑡 = 4𝑠

       𝑎 =
∆𝑣

𝑡
⎯⎯⎯

       9 =
36

𝑡
⎯⎯⎯

𝑡 × 9 =
36

𝑡
⎯⎯⎯× 𝑡

     9𝑡 = 36

     
9𝑡

9
⎯⎯ =

36

9
⎯⎯⎯

        𝑡 = 4𝑠

𝐹𝑖𝑛𝑑 "v" 𝑖𝑓 𝑎 𝑓𝑖𝑠ℎ 𝑎 = 5
𝑚

𝑠ଶ⎯⎯

𝑓𝑜𝑟 13 𝑠𝑒𝑐𝑜𝑛𝑑𝑠 𝑓𝑟𝑜𝑚 𝑟𝑒𝑠𝑡?

           𝑎 =
∆𝑣

𝑡
⎯⎯⎯

           5 =
∆𝑣

13
⎯⎯⎯

 13 × 5 =
∆𝑣

13
⎯⎯⎯× 13

        ∆𝑣 = 65
𝑚

𝑠
⎯⎯

𝑣௙ − 𝑣௜ = 65
𝑚

𝑠
⎯⎯

𝑎 =
∆𝑣

𝑡
⎯⎯⎯

∆𝑣 = 𝑎𝑡
∆𝑣 = 5 × 13

∆𝑣 = 65
𝑚

𝑠
⎯⎯

𝐹𝑖𝑛𝑑 "a" 𝑜𝑓 𝑎 𝑟𝑎𝑏𝑖𝑡 𝑡ℎ𝑎𝑡 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠

𝑓𝑟𝑜𝑚 8
𝑚

𝑠
⎯⎯𝑡𝑜 24

𝑚

𝑠
⎯⎯ 𝑖𝑛 4 𝑠𝑒𝑐𝑜𝑛𝑑𝑠.

𝑎 =
∆𝑣

∆𝑡
⎯⎯⎯

𝑎 =
24 − 8

4 − 0
⎯⎯⎯⎯⎯⎯

𝑎 =
16

4
⎯⎯⎯

𝑎 = 4
𝑚

𝑠ଶ⎯⎯

𝑣௜ = 0

0

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = 0 + 5(13)

𝑣௙ = 65
𝑚

𝑠
⎯⎯

𝐹𝑖𝑛𝑑 "v" 𝑜𝑓 𝑎 𝑓𝑖𝑠ℎ 𝑔𝑒𝑡 𝑖𝑓 𝑖𝑡 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠

𝑓𝑟𝑜𝑚 𝑟𝑒𝑠𝑡 𝑎𝑡 5
𝑚

𝑠ଶ
⎯⎯ 𝑓𝑜𝑟 13 𝑠𝑒𝑐𝑜𝑛𝑑𝑠?

𝐻𝑜𝑤 𝑙𝑜𝑛𝑔 𝑡𝑜 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒 𝑡𝑜 10
𝑚

𝑠
⎯⎯ 

𝑓𝑟𝑜𝑚 𝑟𝑒𝑠𝑡 𝑎𝑡 2
𝑚

𝑠ଶ⎯⎯ ?

 𝑣௙ = 𝑣௜ + 𝑎𝑡

18 = 6 + 2𝑡
12 = 2𝑡
   𝑡 = 6 𝑠

𝑣௙ = 𝑣௜ + 𝑎𝑡

  𝑡 =
𝑣௙ − 𝑣௜

𝑎
⎯⎯⎯⎯⎯⎯

  𝑡 =
18 − 6

2
⎯⎯⎯⎯⎯⎯

  𝑡 = 6𝑠

       𝑎 =
𝑣

𝑡
⎯⎯

𝑡 × 2 =
10

𝑡
⎯⎯⎯× 𝑡

     2𝑡 = 10
       𝑡 = 5 𝑠

𝑎 =
𝑣

𝑡
⎯⎯

𝑡 =
𝑣

𝑎
⎯⎯

𝑡 =
10

2
⎯⎯⎯

𝑡 = 5 𝑠

𝐻𝑜𝑤 𝑙𝑜𝑛𝑔 𝑡𝑜 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒 𝑓𝑟𝑜𝑚 

6
𝑚

𝑠
⎯⎯ 𝑡𝑜 18

𝑚

𝑠
⎯⎯ 𝑎𝑡 2

𝑚

𝑠ଶ⎯⎯ ?

𝐻𝑜𝑤 𝑓𝑎𝑠𝑡 𝑑𝑜𝑒𝑠 𝑎 𝑐𝑎𝑟 𝑔𝑒𝑡 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑛𝑔

𝑎𝑡 3
𝑚

𝑠ଶ⎯⎯ 𝑓𝑟𝑜𝑚 10
𝑚

𝑠
⎯⎯ 𝑓𝑜𝑟 6 𝑠𝑒𝑐𝑜𝑛𝑑𝑠?

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = 10 + (3)(6)

𝑣௙ = 28
𝑚

𝑠
⎯⎯

OR
 𝑣௙ = 𝑣௜ + 𝑎𝑡

10 = 0 + 2𝑡
   𝑡 = 5 𝑠

𝑎 =
𝑣

𝑡
⎯⎯

5 =
𝑣

13
⎯⎯⎯

𝑣 = 65
𝑚

𝑠
⎯⎯

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 𝑎 𝑡𝑟𝑢𝑐𝑘 𝑡ℎ𝑎𝑡 

𝑟𝑒𝑎𝑐ℎ𝑒𝑠 25
𝑚

𝑠
⎯⎯ 𝑎𝑐𝑐𝑙𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑎𝑡 5

𝑚

𝑠ଶ⎯⎯ 𝑖𝑛 2 𝑠𝑒𝑐𝑜𝑛𝑑𝑠? 

𝑣௙ = 𝑣௜ + 𝑎𝑡

25 = 𝑣௜ + 5(2)
25 = 𝑣௜ + 10

 𝑣௜ = 15
𝑚

𝑠
⎯⎯

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௜ = 𝑣௙ − 𝑎𝑡

𝑣௜ = 25 − 5(2)
𝑣௜ = 15 𝑚/𝑠

 𝑎 =
𝑣௙ − 𝑣௜

𝑡
⎯⎯⎯⎯⎯⎯

𝑎𝑡 = 𝑣௙ − 𝑣௜

𝑣௙ = 𝑣௜ + 𝑎𝑡

∆= 𝑓𝑖𝑛𝑎𝑙 − 𝑖𝑛𝑖𝑡𝑖𝑎𝑙

OR

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣 = 0 𝑣 = 39

𝑡 = 3 𝑎 = ? = 13

𝑣 = 0 𝑣 = 36

𝑎 = 9 𝑡 = ? = 4

𝑣 = 0 𝑣 = ? = 65

𝑡 = 13 𝑎 = ? = 5

𝑡   𝑣
0  0
1  13
2  26
3  39

Obviously!
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𝐻𝑜𝑤 𝑓𝑎𝑟 𝑑𝑜𝑒𝑠 𝑎 𝑐ℎ𝑒𝑒𝑡𝑎ℎ 𝑔𝑒𝑡 𝑟𝑢𝑛𝑛𝑖𝑛𝑔 𝑎𝑡

6
𝑚

𝑠
⎯⎯ 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠 𝑎𝑡 3

𝑚

𝑠ଶ⎯⎯ 𝑓𝑜𝑟 4 𝑠. 𝑊ℎ𝑎𝑡 𝑖𝑠 ℎ𝑒𝑟 𝑣௙?

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = 6 + 3(4)

𝑣௙ = 18
𝑚

𝑠
⎯⎯

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

  𝑑 =
𝑣௙

ଶ − 𝑣௜
ଶ

2𝑎
⎯⎯⎯⎯⎯⎯⎯

  𝑑 =
18ଶ − 6ଶ

2(3)
⎯⎯⎯⎯⎯⎯⎯⎯

  𝑑 = 48 𝑚

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎 𝐵𝑒𝑎𝑟 𝑟𝑒𝑎𝑐ℎ𝑖𝑛𝑔

 𝑎 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑜𝑓 15
𝑚

𝑠
⎯⎯ 𝑓𝑟𝑜𝑚 𝑅𝑒𝑠𝑡 𝑖𝑛 5𝑠?

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = 𝑎𝑡

  𝑎 =
𝑣௙

𝑡
⎯⎯

  𝑎 =
15

5
⎯⎯⎯

  𝑎 = 3
𝑚

𝑠ଶ
⎯⎯

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑑 =
𝑣௙

ଶ

2𝑎
⎯⎯⎯

𝑑 =
15ଶ

2(3)
⎯⎯⎯⎯

𝑑 = 37.5 𝑚

𝐻𝑜𝑤 𝐹𝑎𝑟 𝑑𝑖𝑑 𝑡ℎ𝑒 𝐵𝑒𝑎𝑟 𝑔𝑒𝑡 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑡𝑖𝑚𝑒?

𝑣 = 6 𝑣 = ? = 18

𝑎 = ? = 3

𝑑 = ? = 48𝑚

𝑣 = 0 𝑣 = 15

𝑎 = 3
𝑡 = 4

𝐻𝑜𝑤 𝐹𝑎𝑟 𝑑𝑖𝑑 𝑡ℎ𝑒 𝐶ℎ𝑒𝑒𝑡𝑎ℎ 𝑔𝑒𝑡 𝑖𝑛 𝑡ℎ𝑎𝑡 𝑡𝑖𝑚𝑒?

𝑑 = ? = 48

𝐹𝑖𝑛𝑑 𝑡ℎ𝑒 𝑣௙ 𝑜𝑓 𝑎 𝑏𝑜𝑎𝑡 𝑖𝑓 𝑖𝑡 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠

𝑎𝑡 4
𝑚

𝑠ଶ⎯⎯𝑓𝑟𝑜𝑚 25
𝑚

𝑠
⎯⎯ 𝑖𝑛 125 𝑚?

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௙ = ට𝑣௜
ଶ + 2𝑎𝑑

⎯⎯⎯⎯⎯⎯⎯⎯
 

𝑣௙ = ඥ25ଶ + 2(4)(125)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑣௙ = 40.3 𝑚/𝑠

   𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

   𝑣௙
ଶ = 25ଶ + 2(4)(125)

   𝑣௙
ଶ = 1625

ට𝑣௙
ଶ

⎯⎯⎯
 

= √1625
⎯⎯⎯⎯⎯ 

     𝑣௙= 40.3 𝑚/𝑠

𝐹𝑖𝑛𝑑 𝑣௜ 𝑜𝑓 𝑎 𝑤ℎ𝑎𝑙𝑒 𝑖𝑓 𝑖𝑡 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠

𝑎𝑡 5
𝑚

𝑠ଶ⎯⎯𝑡𝑜 75 
𝑚

𝑠
⎯⎯ 𝑖𝑛 60 𝑚?

        𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

       75ଶ= 𝑣௜
ଶ + 2(5)(60)

   5625 = 𝑣௜
ଶ + 600

√5025
⎯⎯⎯⎯⎯ 

= ට𝑣௜
ଶ

⎯⎯⎯
 

           𝑣௜= 70.9
𝑚

𝑠
⎯⎯

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௜ = ට𝑣௙
ଶ − 2𝑎𝑑

⎯⎯⎯⎯⎯⎯⎯⎯
 

𝑣௜ = ඥ75ଶ − 2(5)(60)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑣௜ = 70.9
𝑚

𝑠
⎯⎯

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑡ℎ𝑒 𝑎𝑐𝑐𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑎𝑛 𝑜𝑏𝑗𝑒𝑐𝑡 𝑤ℎ𝑖𝑐ℎ 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑒𝑠 𝑓𝑟𝑜𝑚 2
𝑚

𝑠
⎯⎯𝑡𝑜 8

𝑚

𝑠
⎯⎯𝑖𝑛 12 𝑚?

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

8ଶ = 2ଶ + 2(𝑎)(12)
64 = 4 + 24𝑎
60 = 24𝑎

  𝑎 = 2.5
𝑚

𝑠ଶ
⎯⎯

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

  𝑎 =
𝑣௙

ଶ − 𝑣௜
ଶ

2𝑑
⎯⎯⎯⎯⎯⎯⎯

 𝑎 =
8ଶ − 2ଶ

2(12)
⎯⎯⎯⎯⎯⎯⎯

 𝑎 = 2.5
𝑚

𝑠ଶ⎯⎯

    𝑣௙
ଶ= 𝑣௜

ଶ + 2𝑎𝑑

18ଶ = 6ଶ + 2(3)𝑑
324 = 36 + 6𝑑
288 = 6𝑑
     𝑑 = 48𝑚

    𝑣௙
ଶ= 𝑣௜

ଶ + 2𝑎𝑑

15ଶ = 0ଶ + 2(3)𝑑
324 = 0 + 6𝑑
324 = 6𝑑
     𝑑 = 37.5𝑚

Algebra
Isolate 1st

𝑣 = 4 𝑣 = ?𝑎 = ? = 40.3

𝑑 = 125

𝑣 = ? = 70.9 𝑣 = 75

𝑎 = 5

𝑑 = 60

𝑣 = 2 𝑣 = 8

𝑎 = ? = 2.5

𝑑 = 12

𝑣௙ = 𝑣௜ + 𝑎𝑡 𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑡   𝑣
0  0
1  3
2  6
3  9
4  12
5  15

Obviously!
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10.1m
  𝑡 = ? = 1.44

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

+

𝑣௜ = 0
       ∆𝑑 = 𝑣௜𝑡 +

1

2
⎯⎯𝑎𝑡ଶ

−10.1 = 0 × 𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

−10.1 =
1

2
⎯⎯(−9.8)𝑡ଶ

−10.1 = −4.9𝑡ଶ

   2.06 = 𝑡ଶ

          𝑡 = 1.44𝑠

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 10.1
∆𝑑 = −10.1𝑚

𝑇𝑖𝑚𝑒 𝑡𝑜 𝐹𝑎𝑙𝑙 = 1.44𝑠

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௙
ଶ = (0)ଶ + 2(−9.8)(−10.1)

𝑣௙
ଶ = 197.96

𝑣௙ = −14.1
𝑚

𝑠
⎯⎯

𝑎 = 𝑔 = −9.8
𝑚

𝑠ଶ
⎯⎯

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝐵𝑒𝑓𝑜𝑟𝑒 𝐼𝑚𝑝𝑎𝑐𝑡 = −14.07
𝑚

𝑠
⎯⎯ −𝑣𝑒 ; 𝐷𝑜𝑤𝑛!

OR

Velocity before impact

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = 𝑎𝑡

𝑣௙ = (−9.8)(1.44)

𝑣௙ = −14.1
𝑚

𝑠
⎯⎯

𝑣௙ = 𝑣௕௘௙௢௥௘ ௜௠௣௔௖௧

𝑣௙ = ? = −14.1

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௙ = 𝑣௜ + 𝑎𝑡

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

∆𝑑 =
1

2
⎯⎯𝑎𝑡ଶ

   𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

   𝑡 = ඨ
2(−10.1)

−9.8
⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯
 

   𝑡 = 1.44𝑠

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௙
ଶ = 2𝑎𝑑

𝑣௙ = √2𝑎𝑑
⎯⎯⎯⎯ 

𝑣௙ = ඥ2(−9.8)(−10.1)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑣௕ = −14.1
𝑚

𝑠
⎯⎯

Rounding!

ℎ

𝑡

(1.44, 0)(0,0)

ℎ 𝑣𝑠 𝑡

Down

𝑣

𝑡

(1.44, −14.07)

(0,0)

𝑣 𝑣𝑠 𝑡

𝑚 = 𝑎 = −9.8 
Obviously!

𝑎

𝑡(0,0)

𝑎 𝑣𝑠 𝑡

𝑚 = 0 ; ∆𝑎 = 0

−9.8

"𝑎" 𝑖𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

ℎ = −4.9𝑡ଶ

𝑣 = −9.8𝑡
𝑎 = −9.8

10.1
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𝑣௙ = 𝑣௜

𝑣௙ = 10
𝑚

𝑠
⎯⎯

𝑣௜ = 10
𝑚

𝑠
⎯⎯

+

       𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

       0ଶ = 10ଶ + 2(−9.8)𝑑
         0 = 100 − 19.6𝑑
19.6𝑑 = 100
         𝑑 = 5.1𝑚

𝑣௙ = 0 ; Max Height

   ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−5.1 = 0 × 𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

−5.1 = −4.9𝑡ଶ

1.04 = 𝑡ଶ

       𝑡 = 1.02𝑠

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 5.1
∆𝑑 = −5.1𝑚

𝑡௧௢௧௔௟ = 1.02 × 2

𝑡் = 2.04𝑠

ℎ

𝑡

(1.02, 5.1)

(2.04, 0)

𝑣௜ = 0

To find time, Drop it from Max Height, 𝑣௜ = 0

Double Time 

(0,0)

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.02𝑠

𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 5.1𝑚

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 2.04𝑠

Symmetry

𝑑 = ? = 5.1

𝑎 = 𝑔 = −9.8
𝑚

𝑠ଶ⎯⎯

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

  0 = 𝑣௜
ଶ + 2𝑎𝑑

 𝑑 =
−𝑣௜

ଶ

2𝑎
⎯⎯⎯⎯

 𝑑 =
−10ଶ

2(−9.8)
⎯⎯⎯⎯⎯⎯⎯

 𝑑 = 5.1𝑚

5.1

𝑣௙ = ? = −10

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

∆𝑑 =
1

2
⎯⎯𝑎𝑡ଶ

𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

𝑡 = ඨ
2(−5.1)

−9.8
⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯
 

𝑡 = 1.02𝑠

𝑡 = ? = 1.02

𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝐵𝑒𝑓𝑜𝑟𝑒 𝐼𝑚𝑝𝑎𝑐𝑡 = −10
𝑚

𝑠
⎯⎯

ℎ 𝑣𝑠 𝑡

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

  0 = 10𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

  0 = −10𝑡 − 4.9𝑡ଶ

  0 = −4.9𝑡(𝑡 − 2.04)

−4.9𝑡 = 0
         𝑡 = 0𝑠

𝑡 − 2.04 = 0
              𝑡 = 2.04𝑠

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

  𝑑 = 10(1.02) +
1

2
⎯⎯(−9.8)(1.02)ଶ

  𝑑 = 5.1𝑚

Or Quadform

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.02𝑠

𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 5.1𝑚

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 2.04𝑠

𝑣௙ = 𝑣௜ + 𝑎𝑡

  0 = 10 + (−9.8)𝑡
𝑡 = 1.02𝑠

∆𝑑 = 0

OR

𝑣௜ = 10
𝑚

𝑠
⎯⎯

𝑣௙ = 0 ; Max Height

𝑣௜ = 10

𝑑 = ? = 5.1

𝑎 = 𝑔 = −9.8
𝑚

𝑠ଶ⎯⎯

𝑡 = ? = 1.02

𝑣௙ = 𝑣௜ + 𝑎𝑡

  0 = 𝑣௜ + 𝑎𝑡

  𝑡 =
−𝑣௜

𝑎
⎯⎯⎯

  𝑡 =
−10

−9.8
⎯⎯⎯⎯

  𝑡 = 1.02𝑠

Up/Down

Up

Down

Up

Up/Down

𝑡 = ? = 2.04

𝑎

𝑡(0,0)

𝑎 𝑣𝑠 𝑡

𝑚 = 0 ; ∆𝑎 = 0

−9.8

"𝑎" 𝑖𝑠 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡

𝑣

𝑡

(2.04, −10)

(0,0)

𝑣 𝑣𝑠 𝑡

𝑚 = 𝑎 = −9.8 
Obviously!

10

𝑎 = −9.8

𝑣 = 10 − 9.8𝑡

ℎ = −4.9𝑡ଶ + 10𝑡

Double Time
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+

       𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

       0ଶ = 10ଶ + 2(−9.8)𝑑
         0 = 100 − 19.6𝑑
19.6𝑑 = 100
         𝑑 = 5.1𝑚

𝑣௜ = 10

       ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−10.1 = 0 × 𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

−10.1 = −4.9𝑡ଶ

   2.06 = 𝑡ଶ

          𝑡 = 1.44𝑠

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 10.1
∆𝑑 = −10.1𝑚

𝑑 = 5 + 5.1
𝑑 = 10.1𝑚

   ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−5.1 = 0 × 𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

−5.1 = −4.9𝑡ଶ

1.04 = 𝑡ଶ

       𝑡 = 1.02𝑠

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 5.1
∆𝑑 = −5.1𝑚

𝑡 = 1.02 + 1.44
𝑡 = 2.46𝑠

𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 10.1𝑚

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.02𝑠

𝑇𝑖𝑚𝑒 𝑡𝑜 𝐹𝑎𝑙𝑙 = 1.44𝑠

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 2.46𝑠

𝑣௙ = 0

Add original 
height to rise

𝑔 = −9.8
𝑚

𝑠ଶ⎯⎯

ℎ

𝑡

(1.02, 10.1)

(2.46, 0)(0,5)

ℎ 𝑣𝑠 𝑡

5m

𝑑 = ? = 10.1𝑚

𝑣௜ = 0

10.1m

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

  0 = 𝑣௜
ଶ + 2𝑎𝑑

  𝑑 =
−𝑣௜

ଶ

2𝑑
⎯⎯⎯⎯

  𝑑 =
−10௜

ଶ

2𝑑
⎯⎯⎯⎯⎯

  𝑑 = 5.1𝑚

Up/Down

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

   𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

   𝑡 = ඨ
2(10.1)

−9.8
⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯
 

   𝑡 = 1.44𝑠

Up

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

   𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

   𝑡 = ඨ
2(5.1)

−9.8
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
 

   𝑡 = 1.02𝑠

5.1m

5.1m𝑑 = ? = 5.1𝑚

Down

𝑣௜ = 0
𝑚

𝑠
⎯⎯

    ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

   −5 = 10𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

       0 = −4.9𝑡ଶ + 10𝑡 + 5.0

𝑡 = −𝑣𝑒 𝑡 = 2.46𝑠

Quadform

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 5.1
∆𝑑 = −5.1𝑚

𝑣௙ = 0
𝑣௙ = 𝑣௜ + 𝑎𝑡

  0 = 10 + (−9.8)𝑡
  𝑡 = 1.02𝑠

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

∆𝑑 = (10)(1.02) +
1

2
⎯⎯(−9.8)(1.02)ଶ

∆𝑑 = 5.1𝑚

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 2.46𝑠

OR
𝑣௙ = 𝑣௜ + 𝑎𝑡

   𝑡 =
−𝑣௜

𝑎
⎯⎯⎯

   𝑡 =
−10

−9.8
⎯⎯⎯⎯

   𝑡 = 1.02𝑠𝑇𝑖𝑚𝑒 𝑡𝑜 𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 1.02𝑠

Up

…
Up/Down

ℎ = −4.9𝑡ଶ + 10𝑡 + 5

Add Times
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+

𝑣௜ = −10
𝑚

𝑠
⎯⎯

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−5 = (−10) × 𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

−5 = −10𝑡 − 4.9𝑡ଶ

   0 = −4.9𝑡ଶ − 10𝑡 + 5

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 5
∆𝑑 = −5𝑚

𝑡 = −𝑣𝑒 𝑡 = 0.42𝑠

Quadform
𝑇𝑖𝑚𝑒 𝑡𝑜 𝐹𝑎𝑙𝑙 = 0.42𝑠

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

𝑣௙
ଶ = (−10)ଶ + 2(−9.8)(−5)

𝑣௙
ଶ = 198

𝑣௙ = −14.1
𝑚

𝑠
⎯⎯ 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝐵𝑒𝑓𝑜𝑟𝑒 𝐼𝑚𝑝𝑎𝑐𝑡 = −14.1

𝑚

𝑠
⎯⎯

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = (−10) + (−9.8)(0.42)

𝑣௙ = −14.1
𝑚

𝑠
⎯⎯

       𝑣௙ = 𝑣௜ + 𝑎𝑡

−14.1 = −10 + (−9.8)𝑡
          𝑡 = 0.42𝑠

ℎ = −4.9𝑡ଶ − 10𝑡 + 5

5m

𝑣௙ = ? = −14.1

Down
𝑔 = −9.8

𝑚

𝑠ଶ
⎯⎯

𝑡 = ? = 0.42

ℎ

𝑡

(0,5 )

(0.42, 0)(0,0)

ℎ 𝑣𝑠 𝑡

𝑣

𝑡

(0.42, −14.1)

(0,0)

𝑚 = 𝑎 = −9.8 

Obviously!

−10 𝑣 = −10 − 9.8𝑡

OR
𝑇𝑖𝑚𝑒 𝑖𝑛 𝑑𝑟𝑜𝑝 = 0.42𝑠

P11 - 2.6 - Ball Thrown Down from Building Notes
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+

𝑣௜ = 10
𝑚

𝑠
⎯⎯

5m

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡
𝑑 = 10(1.01)
𝑑 = 10.1𝑚

𝑣 = 0
𝑚

𝑠
⎯⎯

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 5
∆𝑑 = −5𝑚

𝑑 = ?  10.1𝑚

𝑣௜ = 10
𝑚

𝑠
⎯⎯

𝑣 = 𝑣௜ + 𝑎𝑡
𝑣 = 𝑎𝑡
𝑣 = (−9.8)(1.01)

𝑣 = −9.9 
𝑚

𝑠
⎯⎯

𝑣 = 10

𝑣 = −9.9 

𝑣௥ = 14.1

𝑎ଶ + 𝑏ଶ = 𝑐ଶ

             𝑐 = ඥ𝑎ଶ + 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 

             𝑐 = ඥ9.9ଶ + 10ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

                  𝑐 = 14.1
𝑚

𝑠
⎯⎯

𝜃 = 44.7௢

𝑡𝑎𝑛𝜃 =
𝑜

𝑎
⎯⎯

       θ = tanିଵ ቆ
9.9

10
⎯⎯⎯ቇ

       𝜃 = 44.7௢

𝑇𝑖𝑚𝑒 𝑖𝑠 𝑡ℎ𝑒 𝐿𝑖𝑛𝑘 𝐵𝑒𝑡𝑤𝑒𝑒𝑛 𝑥 𝑎𝑛𝑑 𝑦, 𝐺𝑎𝑙𝑖𝑙𝑒𝑜

𝑔 = −9.8
𝑚

𝑠ଶ⎯⎯

5m

Down

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

∆𝑑 =
1

2
⎯⎯𝑎𝑡ଶ

   𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

    𝑡 = ඨ
2(−5)

−9.8
⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯
 

    𝑡 = 1.01𝑠𝑇𝑖𝑚𝑒 𝑡𝑜 𝐹𝑎𝑙𝑙 = 1.01𝑠

Over

𝑣௙ = −9.9

𝑡 = ? 1.01

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

∆𝑑 = 𝑣௜𝑡

;  𝑎 = 0

𝑇ℎ𝑒 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑠 14.1
𝑚

𝑠
⎯⎯ 44.7௢ 𝑏𝑒𝑙𝑜𝑤 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙

𝑑

(0, 0)

𝑑 𝑣𝑠 𝑡

𝑑 = 10𝑡

ℎ

(10.1, 0)(0,0)

ℎ 𝑣𝑠 𝑑

ℎ = −0.049𝑑ଶ + 55

ℎ

𝑡
(1.01, 0)(0,0)

ℎ 𝑣𝑠 𝑡

ℎ = −4.9𝑡ଶ5

d

𝑑 = ? = 10.1𝑚

𝑡

ℎ(𝑡) = −4.9𝑡ଶ + 5

ℎ(𝑑) = −4.9 ቆ
𝑑

10
⎯⎯⎯ቇ

ଶ

+ 5

ℎ(𝑑) = −0.049𝑑ଶ + 5

𝑡 =
𝑑

𝑣
⎯⎯

𝑡 =
𝑑

10
⎯⎯⎯

Last

5m

𝑎௫ = 0

Equal Horizontal Distances

Greater
Vertical
Distances

𝑎௬ = −9.8
𝑚

𝑠ଶ⎯⎯

𝑣௫

(0, 0)

𝑣௫ 𝑣𝑠 𝑡

𝑣௫ = 10

𝑡

10

𝑣௬

𝑡

(1.01, −9.9)

(0,0)

𝑣௬ 𝑣𝑠 𝑡

𝑚 = 𝑎 = −9.8 

Obviously!

𝑣 = −9.8𝑡

Over

Logic

Pre Calc 12

𝑣 = −9.9

OR ℎ =
𝑎

𝑐𝑜𝑠𝜃
⎯⎯⎯⎯
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𝑣௥ = 105m

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡
𝑑 = 10𝑡
𝑑 = 7.8𝑚

       ∆𝑑 = 𝑣௜௬𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

      −5 = −2.59𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

         0 = −2.59𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ + 5

         0 = −4.9𝑡ଶ − 2.59𝑡 + 5
          
          𝑡 = 0.78𝑠

𝑣௙ = 𝑣௜ + 𝑎𝑡

𝑣௙ = −2.59 + (−9.8)(0.78)

𝑣௙ = −2.59 − 7.6

𝑣௙ = −10.2
𝑚

𝑠
⎯⎯

𝑣 = −10.2 
𝑚

𝑠
⎯⎯

𝑎ଶ + 𝑏ଶ = 𝑐ଶ

             𝑐 = ඥ𝑎ଶ + 𝑏ଶ
⎯⎯⎯⎯⎯⎯⎯ 

  

             𝑐 = ඥ(9.66)ଶ+(−10.2)ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

                        𝑐 = 14.1
𝑚

𝑠
⎯⎯

𝑡𝑎𝑛𝜃 =
𝑜

𝑎
⎯⎯

       θ = tanିଵ ቆ
+10.2

9.66
⎯⎯⎯⎯⎯⎯ቇ

       𝜃 = 46.6௢

𝜃 = 46.6௢

𝑣 = ℎ𝑠𝑖𝑛𝜃
𝑣 = 10𝑠𝑖𝑛15

𝑣 = −2.59
𝑚

𝑠
⎯⎯

𝑣 = ℎ𝑐𝑜𝑠𝜃
𝑣 = 10𝑐𝑜𝑠15

𝑣 = 9.66
𝑚

𝑠
⎯⎯

+

𝑄𝑢𝑎𝑑𝑓𝑜𝑟𝑚

𝑑 = ? = 7.8𝑚

𝑣௥ = 14.1

𝜃 = 15௢

𝑣 = 9.66
𝑚

𝑠
⎯⎯

5m

𝑣௜ = 9.66
𝑚

𝑠
⎯⎯

Over
𝑑 = ? = 7.8𝑚

𝑇ℎ𝑒 𝑓𝑖𝑛𝑎𝑙 𝑟𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 𝑖𝑠 14.1
𝑚

𝑠
⎯⎯ 46.6௢ 𝑏𝑒𝑙𝑜𝑤 ℎ𝑜𝑟𝑖𝑧𝑜𝑛𝑡𝑎𝑙

𝑡 = ? = 0.78𝑠

𝑣௙ = ? = −10.2 

𝑣௜ = −2.59

Big Diagrams!

Down

Always Inverse Positive

𝑠𝑖𝑛𝜃 =
𝑂

𝐻
⎯⎯

     𝐻 =
0

𝑠𝑖𝑛𝜃
⎯⎯⎯⎯

     𝐻 =
±10.2

𝑠𝑖𝑛46.66
⎯⎯⎯⎯⎯⎯⎯⎯

     𝐻 = 14.02

Rounding!

SOH CAH TOA is 
fairy land and we 
teach you properly 
in Trig 12
𝜃 = −46.66௢‼!

𝜃 = 46.6௢

𝑣௥ = 14.1

𝑣 = −10.2

𝑣 = 9.66

Or off to side

Or Below

P12 - 2.8 - Ball shot Down Angle Notes
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A ball is shot at 50
௠

௦
⎯⎯at an angle of 40o above the horizontal. What is its max "h"? What is its "t" in flight? 

What is the "d" the ball travels? Find 𝑣௥.

40o

50

𝑣௥ = 50
௠

௦
⎯⎯

𝑣 = ℎ sin θ
𝑣 = 50 sin 40
𝑣 = 32.1

𝑣 = ℎ𝑐𝑜𝑠𝜃
𝑣 = 50 cos 40
𝑣 = 38.3

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

   𝑑 =
−𝑣௜

ଶ

2𝑎
⎯⎯⎯⎯

   𝑑 =
−(32.1)ଶ

2(−9.8)
⎯⎯⎯⎯⎯⎯⎯⎯

   𝑑 = 52.6𝑚

𝑣௜ = 0

𝑣௜ = 32.1

𝑑 = ? = 52.6𝑚

𝑑 = ? = 251𝑚

 ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

    𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

    𝑡 = ඨ
2(−52.6)

(−9.8)
⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯
 

    𝑡 = 3.28𝑠

Total time in flight: 

𝑡 = 6.55𝑠

𝑣 =
𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡
𝑑 = (38.3)(6.55)
𝑑 = 251𝑚

Distance in flight = 251 𝑚

Max height = 52.6𝑚

+

∆𝑑 = 𝑑௙ − 𝑑௜

∆𝑑 = 0 − 52.6
∆𝑑 = −52.6𝑚

𝑡 = 3.28 × 2

𝑅∗ =
𝑣ଶ𝑠𝑖𝑛2𝜃

𝑔
⎯⎯⎯⎯⎯⎯⎯

    ;  ∆ℎ = 0

40௢
40௢

Up/Over

Up

Over

𝑅∗ =
𝑣ଶ𝑠𝑖𝑛2𝜃

𝑔
⎯⎯⎯⎯⎯⎯⎯

𝑅∗ =
(50)ଶ𝑠𝑖𝑛2(40)

9.8
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯

𝑅∗ = 251𝑚

ℎ = ? = 52.6𝑚

Up/Down

Down

𝑣௜ = 38.3
𝑚

𝑠
⎯⎯

Over

𝑑 = ? = 251𝑚

𝑣௙ = 0

𝑣௙ = ? =

𝑑 = 52.6𝑚

𝑡 = ? = 3.28𝑠

Distance in flight = 251 𝑚
𝑣௥ = 50

௠

௦
⎯⎯

Logic

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

  0 = 32.1𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

  0 = −32.1𝑡 − 4.9𝑡ଶ

  0 = −4.9𝑡(𝑡 − 6.55)

−4.9𝑡 = 0
         𝑡 = 0𝑠

𝑡 − 6.55 = 0
              𝑡 = 6.55𝑠

Or Quadform/Square Root Method

𝑇𝑜𝑡𝑎𝑙 𝑇𝑖𝑚𝑒 = 6.55𝑠

𝑣௙ = 𝑣௜ + 𝑎𝑡

  𝑡 =
−𝑣௜

𝑎
⎯⎯⎯

  𝑡 =
−32.1

−9.8
⎯⎯⎯⎯⎯⎯

  𝑡 = 3.28𝑠

Or

Or

Final Check

Double Time

𝑡 = ? = 6.55𝑠

P12 - 2.9 - Projectile Motion Ground Angle Notes
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A ball is shot off a 60𝑚 cliff at 40
௠

௦
⎯⎯at an angle of 50o from the horizontal. What is its max height? What is its time 

time in flight? What is the horizontal distance the ball travels? What is the velocity and angle at impact?

+

Max height = 47.8 + 60
                      = 107.8𝑚

50o

40 𝑣 = ℎ sin θ
𝑣 = 40 sin 50
𝑣 = 30.6

𝑣 = ℎ𝑐𝑜𝑠𝜃
𝑣 = 40 cos 50
𝑣 = 25.7

Up/Over

𝑑 = ? = 200.5𝑚

ℎ = ? = 47.8𝑚

ℎ = ? = 60𝑚

ℎ = ? = 107.8𝑚

𝑣௜ = 0

𝑣௜ = 30.6

𝑑 = ? = 47.8𝑚

𝑣௙ = 0

𝑣௙ = ? = 45.96

𝑑 = 107.8𝑚

𝑡 = ? = 3.28𝑠

𝑣௥ = 40
𝑚

𝑠
⎯⎯

50௢

𝑣௙
ଶ = 𝑣௜

ଶ + 2𝑎𝑑

   𝑑 =
−𝑣௜

ଶ

2𝑎
⎯⎯⎯⎯

   𝑑 =
−(30.6)ଶ

2(−9.8)
⎯⎯⎯⎯⎯⎯⎯⎯

   𝑑 = 47.8𝑚

Up
𝑣௙ = 𝑣௜ + 𝑎𝑡

  𝑡 =
−𝑣௜

𝑎
⎯⎯⎯

  𝑡 =
−30.6

−9.8
⎯⎯⎯⎯⎯⎯

  𝑡 = 3.1𝑠

𝑇𝑖𝑚𝑒 𝑡𝑜 𝑀𝑎𝑥 𝐻𝑒𝑖𝑔ℎ𝑡 = 3.1𝑠

Add Times
𝑣 =

𝑑

𝑡
⎯⎯

𝑑 = 𝑣𝑡
𝑑 = 25.7(7.8)
𝑑 = 200.5𝑚

𝑣௜ = 25.7
𝑚

𝑠
⎯⎯

Over
𝑑 = ? = 200.5𝑚

Add Cliff

𝑉௥

𝜃

𝑡 = ? = 3.1𝑠

∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

   𝑡 = ඨ
2𝑑

𝑎
⎯⎯⎯

⎯⎯⎯
 

   𝑡 = ඨ
2(−107.8)

−9.8
⎯⎯⎯⎯⎯⎯⎯⎯⎯

⎯⎯⎯⎯⎯⎯⎯⎯⎯
 

   𝑡 = 4.69𝑠

Total time in flight: 

𝑡 = 4.69 + 3.1
𝑡 = 7.8𝑠

   ∆𝑑 = 𝑣௜𝑡 +
1

2
⎯⎯𝑎𝑡ଶ

−60 = 30.6𝑡 +
1

2
⎯⎯(−9.8)𝑡ଶ

      0 = −4.9𝑡ଶ + 30.6𝑡 + 60

      𝑡 = 7.8𝑠 Quadform

Up/Down

Or

𝑣 = 25.7

𝑣 = 45.96 𝑣௥ = 52.3

𝜃 = 60.8 o

See Below

Last

Trig/Pythag!

Or Or Or Or Or Or Or Or !!!

𝑣௥ = 52.3
𝑚

𝑠
⎯⎯  60.8௢ 𝐵𝑒𝑙 𝐻𝑜𝑟∗

𝑣௙
ଶ = (0)ଶ+2𝑎∆𝑑

𝑣௙ = ඥ2(−9.8)(−107.8)
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑣௙ = 45.96
𝑚

𝑠
⎯⎯

𝑡 = ? = 7.8𝑠
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𝑁𝑖𝑐𝑘 𝑠𝑤𝑖𝑚𝑠 𝑁 𝑎𝑐𝑟𝑜𝑠𝑠 𝑎 30 𝑚 𝑟𝑖𝑣𝑒𝑟.  𝑁𝑖𝑐𝑘 𝑠𝑤𝑖𝑚𝑠 𝑎𝑡 4
𝑚

𝑠
⎯⎯𝑖𝑛 𝑠𝑡𝑖𝑙𝑙 𝑤𝑎𝑡𝑒𝑟. 𝑇ℎ𝑒 𝑟𝑖𝑣𝑒𝑟 𝑓𝑙𝑜𝑤𝑠 𝑊 𝑎𝑡 3

𝑚

𝑠
⎯⎯. 

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑁𝑖𝑐𝑘ᇱ𝑠 𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦?

𝐻𝑜𝑤 𝑙𝑜𝑛𝑔 𝑑𝑜𝑒𝑠 𝑖𝑡 
𝑡𝑎𝑘𝑒 𝑡𝑜 𝑐𝑟𝑜𝑠𝑠?

𝐻𝑜𝑤 𝑓𝑎𝑟 𝑑𝑜𝑤𝑛 𝑟𝑖𝑣𝑒𝑟
𝑑𝑜𝑒𝑠 𝑁𝑖𝑐𝑘 𝑙𝑎𝑛𝑑?

𝐴𝑡 𝑤ℎ𝑎𝑡 ℎ𝑒𝑎𝑑𝑖𝑛𝑔 𝑠ℎ𝑜𝑢𝑙𝑑 𝑁𝑖𝑐𝑘 ℎ𝑒𝑎𝑑 𝑡𝑜 𝑎𝑟𝑟𝑖𝑣𝑒 𝑑𝑖𝑟𝑒𝑐𝑡𝑙𝑦 𝑎𝑐𝑟𝑜𝑠𝑠 𝑡ℎ𝑒 𝑟𝑖𝑣𝑒𝑟?

𝐴𝑡 𝑡ℎ𝑖𝑠 ℎ𝑒𝑎𝑑𝑖𝑛𝑔 ℎ𝑜𝑤 𝑙𝑜𝑛𝑔 
𝑤𝑖𝑙𝑙 𝑖𝑡 𝑡𝑎𝑘𝑒 𝑡𝑜 𝑐𝑟𝑜𝑠𝑠?

𝑣௥ = 5
𝑚

𝑠
⎯⎯

𝑣௥మ = 𝑣௡
ଶ + 𝑣௙

ଶ

𝑣௥ = ඥ4ଶ + 3ଶ
⎯⎯⎯⎯⎯⎯⎯ 

𝑣௥ = √25
⎯⎯⎯ 

𝑣௥ = 5 
𝑚

2
⎯⎯

𝑑௬ = 30 𝑚
𝑣௡ = 4

𝑚

𝑠
⎯⎯

𝑣௙ = 3
𝑚

𝑠
⎯⎯

𝑡𝑎𝑛𝜃 =
𝑜

𝑎
⎯⎯

𝑡𝑎𝑛𝜃 =
3

4
⎯⎯

𝜃 = tanିଵ ቆ
3

4
⎯⎯ቇ

𝜃 = 36.9௢ [𝐸𝑜𝑁]

𝑣௫ =
𝑑௫

𝑡
⎯⎯⎯

𝑑௫ = 𝑣௫𝑡
𝑑௫ = 3(7.5)

𝑑௫ = 22.5 𝑚

𝑣௬ =
𝑑௬

𝑡
⎯⎯⎯

   𝑡 =
𝑑௬

𝑣௬
⎯⎯⎯

   𝑡 =
30

4
⎯⎯⎯

   𝑡 = 7.5 𝑠

𝑠𝑖𝑛𝜃 =
𝑜

ℎ
⎯⎯

𝑠𝑖𝑛𝜃 = 3/4

𝜃 = sinିଵ ቆ
3

4
⎯⎯ቇ

𝜃 = 48.59௢

𝑣௬ =
𝑑௬

𝑡
⎯⎯⎯

𝑡 =
𝑑௬

𝑣௬
⎯⎯⎯

𝑡 =
30

2.65
⎯⎯⎯⎯

𝑡 = 11.32 𝑠

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑁𝑖𝑐𝑘ᇱ𝑠
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡?

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑁𝑖𝑐𝑘ᇱ𝑠
𝐷𝑖𝑠𝑝𝑙𝑎𝑐𝑒𝑚𝑒𝑛𝑡?

𝑑௥
  ଶ = 𝑑௫

ଶ + 𝑑௬
ଶ

𝑑௥ = ඥ22.5ଶ + 30ଶ
⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯ 

𝑑௥ = 37.5 𝑚

𝑊ℎ𝑎𝑡 𝑖𝑠 𝑁𝑖𝑐𝑘ᇱ𝑠 
𝑅𝑒𝑠𝑢𝑙𝑡𝑎𝑛𝑡 𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦?

𝑣௥మ = 𝑣௡
ଶ + 𝑣௙

ଶ

𝑣௥ = ඥ4ଶ − 3ଶ
⎯⎯⎯⎯⎯⎯⎯ 

𝑣௥ = √7
⎯⎯ 

𝑣௥ = 2.65
𝑚

𝑠
⎯⎯

48.59௢ [𝑊𝑜𝑁]

𝜃

𝜃

𝑑௬ = 30 𝑚

𝑣௙ = 3
𝑚

𝑠
⎯⎯

𝑣௡ = 4
𝑚

𝑠
⎯⎯ 𝑣௥ = 2.65

𝑚

𝑠
⎯⎯

30 𝑚!

Less than 3 
would be too 
slow!

+
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