Calculus 1 Section 4-11: Linear Approximations

Question 1

Use a linear approximation to estimate v/4.1.
(a) Define the function and the point where you linearize.
(b) Find the linearization L(z) at the chosen point.
(c) Use L(x) to estimate v/4.1.
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Calculus 1 Section 4-11: Linear Approximations

Question 1 - Solution

(a) Let f(z) = V&

Choose point a = 4, since v/4 = 2 is easy to compute.

(b) Linearization formula:
L(z) = f(a) + f'(a)(z — a)

Compute derivative:

F@ =57 F@=55-7
L(z)=2+ i(m—zl)

(c) Estimate v/4.1 ~ L(4.1):

1
L(4.1) =2+ 2 (0.1) =2+ 0.025 = [2.025
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Calculus 1 Section 4-11: Linear Approximations

Question 2
Use a linear approximation to estimate the value of v/8.1.

(a) Identify a function f(z), a point a, and write the linear approximation L(z).
(b) Use L(z) to estimate v/8.1.

(¢) Compare the estimate to the actual value using a calculator.
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Calculus 1 Section 4-11: Linear Approximations

Question 2 - Solution
Let f(z) = ¢/ = /3. We choose a = 8, since ¥/8 = 2 is easy to compute.
(a) Linear approximation formula:
L(z) = f(a) + f'(a)(z — a)
Compute:
1 1 1

_2/3 / = - = =
v SO = s T3 12

So:

L(x) = F(8) + /() —8) =2+ - (x—8)

(b) Estimate:

1 1 1
L(81)=2+—81-8) =2+ —(01)=2+ — =~ 2.
(8.1) + 12(8 8) + 12(0 ) + 120 0083

(¢) Actual value:
V/8.1 2 2.0083 (using calculator)

Conclusion: The linear approximation gives a very close estimate:

V8.1 ~ 2.0083
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Calculus 1 Section 4-11: Linear Approximations

Question 3
Use a linear approximation to estimate the value of In(1.05).

(a) Identify a function f(z), choose a point a, and write the linear approximation L(x).
(b) Use L(x) to estimate In(1.05).

(¢) Compare the estimate to the actual value.

© 2026 Stem-Master.com, All rights reserved.



Calculus 1 Section 4-11: Linear Approximations

Question 3 - Solution
Let f(z) = In(z), and choose a = 1 because In(1) = 0 is easy to compute.

(a) Linear approximation formula:

L(z) = f(a) + f'(a)(z — a)

Compute:

So:

(b) Estimate:
L(1.05) = 1.05 — 1 = 0.05

(c) Actual value:
In(1.05) ~ 0.04879 (using calculator)

Conclusion: The linear approximation gives:

| In(1.05) ~ 0.05 |

which is a very good estimate.
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Calculus 1 Section 4-11: Linear Approximations

Question 4

Use a linear approximation to estimate v/8.1.

(a) Identify a function f(z), choose a suitable point a, and write the linear approximation L(z).
(b) Use L(z) to estimate v/8.1.

(¢) Compare the estimate to the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 4 - Solution
Let f(x) = ¢z = 2!/, and choose a = 8, since V/8 = 2.
(a) Linear approximation formula:

L(z) = f(a) + f'(a)(z — a)

Compute:
floy= o, fE)=5 8 =2 1=0
So: )
L(z)=2+ E(m— 8)
(b) Estimate:
L(8.1) =2+ %(0.1) =924 % = %(1) ~ 2.0083

(c) Actual value:
V8.1 ~ 2.00828 (using calculator)

Conclusion: The linear approximation gives:

/8.1 ~ 2.0083

which is very close to the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 5
Use linear approximation to estimate In(1.05).

(a) Define an appropriate function f(z), and choose a convenient point a near 1.05.
(b) Find the linear approximation L(z) of f(z) at a.

(¢) Use L(z) to approximate In(1.05), and compare it with the actual value.

© 2026 Stem-Master.com, All rights reserved.



Calculus 1 Section 4-11: Linear Approximations

Question 5 - Solution
Let f(z) =In(z). Choose a = 1, since In(1) = 0 is simple and near 1.05.

(a) Derivative of f(z):

(b) Linear approximation:

(c) Estimate:
L(1.05) = 1.05 — 1 = 0.05

Actual value:
In(1.05) ~ 0.04879 (using calculator)

Conclusion:
In(1.05) =~ 0.05| (Linear Approximation)

Actual: In(1.05) = 0.04879 = Very close!
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Calculus 1 Section 4-11: Linear Approximations

Question 6
Use linear approximation to estimate v/8.2.

(a) Define an appropriate function f(z), and choose a point a near 8.2.
(b) Find the linear approximation L(z) of f(z) at a.

(c) Use L(z) to estimate v/8.2, and compare it to the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 6 - Solution

Let f(x) = ¢/x = 2'/3, and choose a = 8 since V/8 = 2 is exact and close to 8.2.

(a) Compute derivative:

1 1 1

1
_— SO f/(8) = = 74 = E

w
w
(=)
=
w

L) = f(a) + @)z ) =2+ 75 (z — )
(c) Estimate:
L(82) =2+ 1—12(0.2) =2+ % =2+ 6—10 ~ 2.0167

Actual value:
V/8.222.0164 (from calculator)

Conclusion:
V8.2 2 2.0167| (Linear Approximation)

Actual: v/8.2 ~ 2.0164 = Very close!
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Calculus 1 Section 4-11: Linear Approximations

Question 7

Use linear approximation to estimate In(1.05).
(a) Define a function f(x) and choose a suitable point a near 1.05.
(b) Find the linear approximation L(z) of f(z) at = a.

(¢) Use L(x) to estimate In(1.05) and compare to the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 7 - Solution
Let f(z) =In(z). We choose a = 1 since In(1) = 0 is easy to compute.
(a) Compute the derivative:

F) =1, sof(1)=1
(b) Linear approximation:
L(z) = f(a) + f(a)(x —a) = 0+ 1(z = 1) =z — 1

(c) Estimate:
L(1.05) = 1.05 — 1 = 0.05

Compare to actual:
In(1.05) ~ 0.04879 (from calculator)

Conclusion:
In(1.05) ~ 0.05| (Linear Approximation)

Actual: In(1.05) = 0.04879 = Very close!
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Calculus 1 Section 4-11: Linear Approximations

Question 8
Use a linear approximation to estimate 1/10.2.

(a) Define an appropriate function f(x) and choose a point a close to 10.2 where f(a) is easy to compute.
(b) Find the linear approximation L(z) to f(x) at z = a.

(¢) Use the approximation to estimate 1/10.2, and compare it with the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 8 - Solution

For f(z) = \/x, use the nearby perfect square a = 9.

1 -9
f(9) =3, f/(9)267 L(z) =3+ 6
Therefore
V102 ~ L(10.2) = 3.2.
Since f"(x) = —1/(423/2) < 0 for x > 0, the tangent line lies above the curve, so this is an overestimate.

For comparison, v/10.2 ~ 3.193743885; the error is approximately 0.006256115.
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Calculus 1 Section 4-11: Linear Approximations

Question 9
Use a linear approximation to estimate In(1.05).

(a) Define a function f(z) such that f(r) = In(z), and choose a value a near 1.05 where f(a) is easy to
compute.

(b) Find the linear approximation L(z) at = a.

(¢) Use the approximation to estimate In(1.05) and compare with the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 9 - Solution

(a) Let f(z) =1In(z), and choose a = 1 since In(1) = 0 is easy to compute.
fla)=In(1) =0, f(z)=—, [f(1)=1

(b) Linear approximation:
L(z)=fla)+ f'(a)(z —a) =0+ 1(z - 1) =2 —1
(c) Estimate In(1.05) using:
L(1.05) = 1.05 — 1 = 0.05
Actual: In(1.05) ~ 0.04879

Conclusion:
In(1.05) &~ 0.05| (Linear Approximation)
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Calculus 1 Section 4-11: Linear Approximations

Question 10

Use a linear approximation to estimate 1/10.2.
(a) Let f(z) = +/z. Choose a value a near 10.2 where the square root is easy to compute.
(b) Find the linear approximation L(z) at = a.

(¢) Use the approximation to estimate 1/10.2 and compare with the actual value.
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Calculus 1 Section 4-11: Linear Approximations

Question 10 - Solution

For f(z) = \/x, use the nearby perfect square a = 9.

1 -9
f(9) =3, f/(9)267 L(z) =3+ 6
Therefore
V102 ~ L(10.2) = 3.2.
Since f"(x) = —1/(423/2) < 0 for x > 0, the tangent line lies above the curve, so this is an overestimate.

For comparison, v/10.2 ~ 3.193743885; the error is approximately 0.006256115.
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