
EXERCISE 2.7 - APPLICATIONS OF QUADRATIC FUNCTIONS

Complete Step-by-Step Solutions

Question 1: Population at least 1000

Given: 𝑃(𝑡) = −2𝑡2 + 40𝑡 + 800, where 𝑡 is years since 2020

Step 1: Set up inequality for population at least 1000

−2𝑡2 + 40𝑡 + 800 ≥ 1000

Step 2: Rearrange

−2𝑡2 + 40𝑡 − 200 ≥ 0

Step 3: Divide by -2 (reverse inequality sign)

𝑡2 − 20𝑡 + 100 ≤ 0

Step 4: Factor

(𝑡 − 10)2 ≤ 0

Step 5: Since (𝑡 − 10)2 ≥ 0 for all real 𝑡, the only solution is

𝑡 = 10
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Step 6: Years since 2020 = 10 → 2020 + 10 = 2030

Answer: Population will be 1000 in the year 2030 (only at that instant, not for an interval)

Question 2: Maximum Profit

Given: 𝑃(𝑥) = −5𝑥2 + 150𝑥 − 1000, where 𝑥 is price in rupees

Step 1: For a quadratic 𝑎𝑥2 + 𝑏𝑥 + 𝑐 with 𝑎 < 0, maximum occurs at vertex

𝑥 = − 𝑏
2𝑎

Step 2: Identify 𝑎 = −5, 𝑏 = 150

𝑥 = − 150
2(−5) = − 150

−10 = 15

Answer: Price that gives maximum profit is Rs. 15

Check: Maximum profit = −5(15)2 + 150(15) − 1000 = −1125 + 2250 − 1000 = 125 thousand rupees

Question 3: Distance Travelled

Given: 𝑑 = 𝑡2 − 0.5𝑡, where 𝑑 is in metres, 𝑡 in seconds

Step 1: Set 𝑑 = 12.5

𝑡2 − 0.5𝑡 = 12.5

Step 2: Multiply by 2

2𝑡2 − 𝑡 = 25

Step 3: Rearrange

2𝑡2 − 𝑡 − 25 = 0

Step 4: Solve using quadratic formula

𝑡 = 1 ± √1 + 200
4 = 1 ±

√
201

4
Step 5: Since time must be positive

𝑡 = 1 +
√

201
4 ≈ 1 + 14.177

4 ≈ 3.79 seconds

Answer: 𝑡 = 1+
√

201
4 ≈ 3.79 seconds

Question 4: Ball Height at least 20 m

Given: ℎ(𝑡) = −4𝑡2 + 24𝑡
Step 1: Set up inequality
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−4𝑡2 + 24𝑡 ≥ 20

Step 2: Rearrange

−4𝑡2 + 24𝑡 − 20 ≥ 0

Step 3: Divide by -4 (reverse inequality sign)

𝑡2 − 6𝑡 + 5 ≤ 0

Step 4: Factor

(𝑡 − 1)(𝑡 − 5) ≤ 0

Step 5: Sign analysis

Interval 𝑡 < 1 1 < 𝑡 < 5 𝑡 > 5
(𝑡 − 1) - + +
(𝑡 − 5) - - +
Product + - +

Step 6: We need ≤ 0, so 1 ≤ 𝑡 ≤ 5
Answer: 𝑡 ∈ [1, 5] seconds

Question 5: Maximum Height of Ball

Given: Initial velocity 𝑢 = 40 m/s

Step 1: Height function for projectile motion

ℎ(𝑡) = 𝑢𝑡 − 1
2𝑔𝑡2

Using 𝑔 = 10 m/s² (or 9.8 m/s²)

ℎ(𝑡) = 40𝑡 − 5𝑡2

Step 2: For maximum height, vertex occurs at

𝑡 = − 𝑏
2𝑎 = − 40

2(−5) = 4 seconds

Step 3: Maximum height

ℎmax = 40(4) − 5(4)2 = 160 − 80 = 80 metres

Answer: Maximum height = 80 metres

Question 6: Maximum Earning Hours
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Given: 𝐸(ℎ) = −2ℎ2 + 40ℎ, where 𝐸 is earning in rupees, ℎ is hours

Step 1: For maximum earnings, find vertex

ℎ = − 𝑏
2𝑎 = − 40

2(−2) = − 40
−4 = 10

Answer: Maximum earnings at 10 hours per week

Check: Maximum earning = −2(10)2 + 40(10) = −200 + 400 = 200 rupees

Summary Table

Question Problem Answer
1 Population at least 1000 Year 2030
2 Maximum profit price Rs. 15
3 Time for 12.5 m distance 1+

√
201

4 ≈ 3.79 s
4 Ball at least 20 m [1, 5] seconds
5 Maximum height 80 metres
6 Maximum earning hours 10 hours

Key Formulas Used

1. Vertex of parabola 𝑎𝑥2 + 𝑏𝑥 + 𝑐:

𝑥 = − 𝑏
2𝑎

2. Quadratic formula:

𝑥 = −𝑏 ±
√

𝑏2 − 4𝑎𝑐
2𝑎

3. Projectile motion (with 𝑔 = 10 m/s²):

ℎ(𝑡) = 𝑢𝑡 − 5𝑡2

4. Solving quadratic inequalities:

• Find roots

• Test intervals

• Determine sign based on inequality direction
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