
𝐹(𝑏) = 𝐹(𝑎) + න 𝑓(𝑥)
௕

௔

𝑑𝑥

A particle starts moving along a straight line East... 𝑎(𝑡) = 4𝑐𝑜𝑠𝑡 𝑣(0) = 1 𝑠(0) = −2

𝑣(𝑡) = 𝑣(0) + න 𝑎(𝑡)
௧

଴

𝑑𝑡

𝑣(𝑡) = 1 + න 4𝑐𝑜𝑠𝑡
௧

଴

𝑑𝑡

𝑣(𝑡) = 1 + (4 sin(𝑡) − 4 sin(0))
𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1

𝑝(𝑡) = 𝑝(0) + න 𝑣(𝑡)
௧

଴

𝑑𝑡

𝑝(2) = 𝑝(0) + න 𝑣(𝑡)
ଶ

଴

𝑑𝑡

𝑝(2) = −2 + න (4𝑠𝑖𝑛𝑡 + 1)
ଶ

଴

𝑑𝑡

𝑝(2) = −2 + ൫(−4 cos(𝑡) + 1𝑡)൯

𝑝(2) = −2 + ൬
(−4 cos(2) + 1(2))

−(−4 cos(0) + 1(0))
൰

𝑝(2) = 4 − 4𝑐𝑜𝑠2
𝑝(2) = 5.66 𝑚

2

𝑎(3) = ?
𝑎(5) = ?
𝑣(3) = ?
𝑣(5) = ?
𝑣(𝑡) = ?
𝑠(2) = ?
s(𝑡) = ?

𝑝(𝑡) = 𝑝(0) + න 𝑣(𝑡)
௧

଴

𝑑𝑡

𝑝(𝑡) = 𝑝(0) + න (4𝑠𝑖𝑛𝑡 + 1)
௧

଴

𝑑𝑡

𝑝(𝑡) = −2 + (−4𝑐𝑜𝑠𝑡 + 1𝑡)

𝑝(𝑡) = −2 + ((−4𝑐𝑜𝑠𝑡 + 1𝑡) − ൫−4𝑐𝑜𝑠0 + 1(0)൯)

𝑝(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2

0

𝑎(𝑡) = 4𝑐𝑜𝑠𝑡
𝑎(3) = 4𝑐𝑜𝑠3

𝑎(3) = −3.96
𝑚

𝑠ଶ⎯⎯

𝑡
0

𝑎(𝑡) = 4𝑐𝑜𝑠𝑡
𝑎(5) = 4𝑐𝑜𝑠5

𝑎(5) = 1.13
𝑚

𝑠ଶ⎯⎯ 𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1
𝑣(3) = 4𝑠𝑖𝑛3 + 1

𝑣(3) = 1.56 
𝑚

𝑠
⎯⎯

𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1
𝑣(5) = 4𝑠𝑖𝑛5 + 1

𝑣(5) = −2.84 
𝑚

𝑠
⎯⎯

𝑝(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
𝑝(2) = −4𝑐𝑜𝑠2 + 1(2) + 2
𝑝(2) = 5.66 𝑚

Moving Right Moving Left

[0,7]

𝑣(3) = 𝑣(0) + න 𝑎(𝑡)
ଷ

଴

𝑑𝑡

𝑣(3) = 1 + න 4𝑐𝑜𝑠𝑡
ଷ

଴

𝑑𝑡

𝑣(3) = 1 + (4 sin(3) − 4 sin(0))

𝑣(3) = 1.56
𝑚

𝑠
⎯⎯

E
N

𝑃𝑜𝑠𝑖𝑡𝑖𝑜𝑛 𝐺𝑟𝑎𝑝ℎ 1𝐷 (𝑚)

−2 0 𝑝 = 9.27𝑝 = 4.16

𝑡 = 0 𝑡 = 0.8 𝑡 = 6.03

𝑡 = 7 𝑠

𝑑 = 2 𝑑 = 9.27

𝑑 = 5.11

𝑝 = 5.98

 𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1
𝑣′(𝑡) = 4𝑐𝑜𝑠𝑡
𝑎(𝑡) = 4𝑐𝑜𝑠𝑡
      0 = 4𝑐𝑜𝑠𝑡
𝑐𝑜𝑠𝑡 = 0

 𝑝(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
𝑠′(𝑡) = 4𝑠𝑖𝑛𝑡 + 1
𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1
      0 = 4𝑠𝑖𝑛𝑡 + 1

𝑠𝑖𝑛𝑡 = −
1

4
⎯⎯

    𝑡௥ = sinିଵ(+
1

4
⎯⎯)

    𝑡௥ = 0.25

𝑄𝐼𝐼𝐼, 𝐼𝑉

𝑡 =
𝜋

2
⎯⎯ 𝑠 ,

3𝜋

2
⎯⎯⎯ 𝑠

𝑡 (𝑠)𝑡 (𝑠)𝑡 (𝑠)

𝑝 (𝑚)

𝜋𝜋

2
⎯⎯

3π

2
⎯⎯⎯

2𝜋𝜋

𝜋

2
⎯⎯

3π

2
⎯⎯⎯ 2𝜋𝜋𝜋

2
⎯⎯

3π

2
⎯⎯⎯

2𝜋

4

−4

1

5

−3

−2
0.80

π

2
⎯⎯

3π

2
⎯⎯⎯

3.39

(
π

2
⎯⎯, 5)

(
3π

2
⎯⎯⎯, −3)

(3.39,9.27)

(6.03,4.16)

 𝑣(𝑡) = 4𝑠𝑖𝑛𝑡 + 1 𝑝(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2

      𝑡    𝑝(𝑡)

      0    −2

    0.8      0

   3.39    9.27

   6.03    4.16

      7    5.98

       𝑡    𝑣(𝑡)

       0      1

      
𝜋

2
⎯⎯      5

    3.39      0

   3𝜋/2     −3

    6.03      0

       7   3.62

       𝑡    𝑎(𝑡)

      0       4

   𝜋/2       0

      𝜋    −4

  3𝜋/2      0

    2𝜋      4

      7   3.97

6.03

(𝜋, −4)

(7,3.62) (7,3.97)

(
𝜋

2
⎯⎯, 3.57)

(𝜋, 1)
(π, 9.14)

𝑡 = 3.39 𝑠 , 6.03 𝑠

(2𝜋, 4)
(0,4)

𝑣 ቀ
𝑚

𝑠
⎯⎯ቁ 𝑎 ቀ

𝑚

𝑠ଶ⎯⎯ቁ 𝑎(𝑡) = 4𝑐𝑜𝑠𝑡

(7,5.98)

𝑡 = 3.39

𝑑 = 1.82
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When does the particle 
change direction?

When is the particle at rest?

𝑣 = 0 & 𝑣 +  → − 𝑜𝑟 −  →  +

3.39 6.03𝑠ᇱ = 𝑣        +               −                +

𝑡 = 3.39 𝑠 , 6.03 𝑠 

𝑡 = 3.39 𝑠 , 6.03 𝑠 

When is the particle moving 
in the positive direction?

When is the particle 
speeding up?

When is the particle 
slowing down?

When is the particle 
farthest from the origin? When is the particles 

acceleration :

𝑣(𝑡) = 0

(0, −2)

(3.39,9.27)(6.03,4.16)

(7,5.98)

Abs Max

Loc/Abs Min*

𝑡 = 3.39 𝑠

𝑣, 𝑎 𝑠𝑎𝑚𝑒 𝑠𝑖𝑔𝑛 𝑣, 𝑎 𝑑𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑡 𝑠𝑖𝑔𝑛𝑠
𝑣 = + , 𝑎 = −
𝑣 = −  𝑎 = +

𝑣 = + , 𝑎 = +
𝑣 = −  𝑎 = −

𝜋

2
⎯⎯ 3π

2
⎯⎯⎯

𝑣ᇱ      +           −                 +

𝑡 =
π

2
⎯⎯ 𝑠 ,

3𝜋

2
⎯⎯⎯ 𝑠 

(0,1)

(
π

2
⎯⎯, 5) (

3π

2
⎯⎯⎯, −1)

(7,3.62)

Abs Max Abs Min

Loc MaxLoc Min

Loc Max

Loc Min

ቀ0,
𝜋

2
⎯⎯ቁ 𝑈 ቆ3.39,

3𝜋

2
⎯⎯⎯ቇ ቀ

π

2
⎯⎯ , 3.39ቁ 𝑈 ቆ

3𝜋

2
⎯⎯⎯, 7ቇ

Speeding up in
the negative direction

Going forward Slowing Down
Going backward Slowing Down

When is the particle moving 
in the negative direction?

𝑣 > 0 (0,3.39)𝑈(6.03,7)

𝑣 < 0

𝑣 = 0

(3.39,6.03)

𝑎 = 𝑚𝑎𝑥 𝑎 = 𝑚𝑖𝑛

𝑎 = 4
𝑚

𝑠ଶ⎯⎯

𝑎 = −4
𝑚

𝑠ଶ⎯⎯

𝑣 = 0 & 𝑠(𝑡) Abs Max or Min

When is the particle at 
the origin?

𝑠(𝑡) = 0 𝑡 = 0.80 𝑠

      𝑝(0) = −2
𝑝(6.03) = 4.16
      𝑝(7) = 3.62)

Check Endpoints

𝑠ᇱ(𝑡) = 0 𝑜𝑟 𝐷𝑁𝐸
𝑠ᇱ(𝑡)+ → −, 𝑜𝑟 − →  +

 𝑎(𝑡) = 4𝑐𝑜𝑠𝑡
𝑎ᇱ(𝑡) = −4𝑠𝑖𝑛𝑡
       0 = −4𝑠𝑖𝑛𝑡
 𝑠𝑖𝑛𝑡 = 0

    𝑎(0) = 4 cos(0) = 4
   𝑎(𝜋) = 4 cos(𝜋) = −4
 𝑎(2𝜋) = 4 cos(2𝜋) = 4

Greatest? Least?

𝜋0 2𝜋

𝑡 = 0, 𝜋, 2𝜋 𝑠

𝑎ᇱ         −              +                 −
       𝑝(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
 𝑝(3.39) = −4cos (3.39) + 1𝑡 + 2
 𝑝(3.39) = 9.27 𝑚 [𝑊]

When is the velocity the greatest.

𝑣ᇱ = 0

 𝑠(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
      0 = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
𝑇𝐼 − 84

What is the distance : d travelled 
by the particle (0,6.03)?

What is the displacement : 𝑑  
travelled by the particle (0,6.03)?

𝑑 = ∫ 𝑣(𝑡)𝑑𝑡
௕

௔

𝑑 = ∫ (4𝑠𝑖𝑛𝑡 + 1)𝑑𝑡
଺.଴ଷ

଴

𝑑 = (−4𝑐𝑜𝑠𝑡 + 𝑡)

𝑑 = (−4cos6.03 + 6.03) − (−4𝑐𝑜𝑠0 + 0)

𝑑 = 2.16 + 4

𝑑 = 6.16 𝑚 [𝐸]

Negative Area so 
Minus (3.39,6.03)

      𝑠(𝑡) = −4𝑐𝑜𝑠𝑡 + 1𝑡 + 2
𝑠(6.03) = −4cos (6.03) + 1(6.03) + 2
𝑠(6.03) = 4.16 𝑚 [𝐸]

𝑠(0) = −2 𝑜𝑟 2[𝑊]
𝑠(3.39) = 9.27 [𝐸]

𝑑 = න |𝑣(𝑡)|𝑑𝑡
௕

௔

𝑑 = න |4𝑠𝑖𝑛𝑡 + 1|𝑑𝑡
଺.଴ଷ

଴

𝑑 = න (4𝑠𝑖𝑛𝑡 + 1)𝑑𝑡 + න |4𝑠𝑖𝑛𝑡 + 𝑡|𝑑𝑡
଺.଴ଷ

ଷ.ଷଽ

ଷ.ଷଽ

଴

𝑑 = න (4𝑠𝑖𝑛𝑡 + 1)𝑑𝑡 − න (4𝑠𝑖𝑛𝑡 + 1)𝑑𝑡
଺.଴ଷ

ଷ.ଷଽ

ଷ.ଷଽ

଴

𝑑 = (−4𝑐𝑜𝑠𝑡 + 𝑡)              + (−4𝑐𝑜𝑠𝑡 + 𝑡)
𝑑 = ൫(−4𝑐𝑜𝑠3.39 + 3.39) − (−4𝑐𝑜𝑠0 + 0)൯ −

         ൫(−4𝑐𝑜𝑠6.03 + 6.03) − (−4𝑐𝑜𝑠3.39 + 3.39)൯ +

𝑑 = (11.27) − (−5.11)
𝑑 = 16.38 𝑚 [𝐸]

3.39
0

6.03
3.39

6.03
0

2 + 9.27 − (9.27 − 4.16) = 6.16

2 + 4.16 = 6.16

= 2 + 9.27 + (9.27 − 4.16) = 16.38
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