AP® Precalculus 2024 Scoring Commentary

AP Question 4: Symbolic Manipulations
2024 Part B: Graphing calculator not allowed 6 points

Directions:

e Unless otherwise specified, the domain of a function f is assumed to be the set of all real numbers x
for which f(x) is a real number. Angle measures for trigonometric functions are assumed to be in
radians.

e Solutions to equations must be real numbers. Determine the exact value of any expression that can be

T

obtained without a calculator. For example, log,8, cos( 3

AP Precalculus | oo

Unless otherwise specified, combine terms using algebraic methods and rules for exponents and

), and sin~'(1) can be evaluated without a

5
logarithms, where applicable. For example, 2x + 3x, 52.53 s x—z ,and In3 + In 5 should be rewritten in
X

equivalent forms.
e For each part of the question, show the work that leads to your answers.

Sample Student
. Model Solution Scoring
Responses and Sconng (A) The functions g and % are given by
X) = e(x+3)
Commentary <)

- inl2X
h(x) = arcsm(z).
(i) Solve g(x) =10 for values of x in the domain of g .

(ii) Solve A(x) = % for values of x in the domain of /.

. 1) g(x)=10 Solution to g(x) =10 1 point
Inside: & 10
e =110
Free-Response Question 4 x+3=In10
x=-3+In10
v' Scoring Guidelines (i) h(x) =% Solution to A(x) = = 1 point
v' Student Samples arcsin (i) _z
2)" 4
v' Scoring Commentary % _ Sin(%)
X _ V2 1
775 OR7)
x=+2
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Scoring notes:

Supporting work is required in (i) and (ii). “Scratchwork” can be ignored; the use of a variable other

than x is acceptable. Arithmetic errors following a correct solution may be considered scratchwork.
V2 X 1

Supporting work in (ii) must mclude == sm( 4) OR 5 =5 OR 15

logbl()

log,e

according to bullets 2 and 3 in the directions.

Where applicable, answers that have not been evaluated according to bullets 2 and 3 in the directions

do not earn the point. Rationalizing denominators is not required.

A response that does not earn either point in Part (A) is eligible for partial credit in Part (A) if the

response has one criteria from the first column AND one criteria from the second column. Partial

credit response is scored 1-0 in Part (A).

An alternate solution for (i) is x —3,where b >0, b # 1, and the result is evaluated

First Column Second Column

Correct answer in (i) without supporting Correct answer in (ii) without supporting
work work

Correct answer in (i) with supporting Correct answer in (ii) with supporting
work, but the answer has not been work, but the answer has not been
evaluated according to bullets 2 and 3 in | evaluated according to bullets 2 and 3 in
the directions. No incorrect work. the directions. No incorrect work.

Answer in (i) is reported as x +3 = 1In10.

. Answer in (ii) is reported as L = sin (Z)
No incorrect work follows. 2 4

No incorrect work follows.

Answer in (ii) is reported as % = g
No incorrect work follows.
PP 1
Answer in (ii) is reported as = = —.
(ii) is rep 1T

No incorrect work follows.
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(B) The functions j and k are given by

Jj(x) = log10(8x5) + 10g|0(2x2) —9logyx
2
sin” x
k(x) = (7)6 jsecx.

(i) Rewrite j(x) as a single logarithm base 10 without negative exponents in any part of the

expression. Your result should be of the form log,, (expression).

(ii) Rewrite k(x) as a single term involving tan x.

1 j(x)= 10g10(8x5) + log10(2x ) 9log,x Expression for j(x) 1 point
J(x) = 10g10(8x5 ) logjox’
85 .
i(x) = 10g10[ = ]
)C
7
J(x)= 10g10[ ); )
1
Jj(x) = loglo(—zj, x>0
X
i Expression for k(x) 1 point

ko) =[5k

k(x):ﬁ, sinx # 0, cosx # 0

Scoring notes:

Supporting work is required in (i) and (ii). “Scratchwork” can be ignored; the use of a variable other
than x is acceptable.

Domain restrictions are not required to be included and are not scored.

Where applicable, answers that have not been evaluated according to bullets 2 and 3 in the directions
do not earn the point.

To earn the first point, use of “log ” rather than “log;,” is acceptable.

2
The expression j(x) = loglo(%) earns the point in (i) with supporting work.

A logarithmic expression that is missing one or both parentheses around the full argument of the
logarithm is still eligible to earn the point.

If a response is presented as a complex fraction, the complex fraction must be unambiguous in
structure. Parentheses must be used correctly, and/or the fraction bars must be clearly and correctly
proportioned.
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e A response that does not earn either point in Part (B) is eligible for partial credit in Part (B) if the (C) The function m is given by
response has one criteria from the first column AND one criteria from the second column. Partial m(x) = cosfl(tan(Z x)).
credit response is scored 1-0 in Part (B). Find all values in the domain of m that yield an output value of 0.
— -1 — One value of x i
First Column Second Column m(x) = 0= cos™(tan(2x)) = 0 1 point
tan(2x) = cos(0)
Correct expression in (i) without Correct expression in (ii) without tan(2x) =1 All values of x 1 point
supporting work supporting work ju
2x =+ 7n
Expression in (i) is reported as COS X 4
NI Expression in (ii) is reported as P ¥ = % + %n , where n is any integer

log,y| ——— |- No incorrect work .
X OR cot x . No incorrect work follows. Scoring notes:

follows.
e Supporting work is required. “Scratchwork” can be ignored; the use of a variable other than x is
Expression in (i) is reported as Expression in (ii) includes a correct acceptable.
16x . application of a Pythagorean identity with e A response with supporting work that gives all correct values for x, such as x = 2 + zn and
loglo[x—gj . No incorrect work follows. | "0 orrect work. ) 8
x= ?ﬂ + zzn , earns both points.

Expression in (i) is reported as z

8
i, k, n,orany letter except x, which is the variable used in the function.

e When expressing a general solution for all values for x (e.g., x = =+ %n ), the response can use

210g10(£) . No incorrect work follows.
x

P e To earn the second point, “where # is any integer” is not required to be included.
Expression in (i) is reported as . . .
e To earn the second point, no incorrect values for x are included.

—log; (%J . No incorrect work follows.
Total for question 4 6 points

Expression in (i) is reported as

-2 logm(%) . No incorrect work follows.

The expression in (i) is reported using
natural logarithm and has the correct
argument OR any of the expressions in
partial credit rows two through six above
are presented with natural logarithm.
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Sample 4A 1 of 2 Sample 4A 2 of 2
B 4 @ 4 M vocacuratoraoweo [l 4 [ 4 H ° ® i 4 M 4 I vocacuLatoraLowen [ 4 I 4 H :T‘
Answer QUESTION 4 part (A) on this page. Answer QUESTION 4 parts (B) and (C) on this page. :_{
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() ’ D -4l X -
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L4 \ -
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! —
ws T pan(25) = ) -
. x= Z+3k pkel =
1 . =
x- % =
Page 10 Page 11 . :
Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box. Use a pencil or a pen with black or dark blue ink. Do NOT write your name. Do NOT write outside the box. '_',{
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Sample 4B 1 of 2 Sample 4B 2 of 2
S _ = "

B 4 @ 4 B nocacuratoraowen [l 4 [ 4  ° ® @ 4 @ 4 M vocacuiatroratoweo [l 4 | 4 @ = ‘
Answer QUESTION 4 part (A) on this page. Answer QUESTION 4 parts (B) and (C) on this page. - )

| Response for question 4(a) | [ Response for question 4(8) | -

(0} 3 0 59 QZx’-)—mogmx -

A(x):=¢ **3 0G0 (Bx® D +10g10 (2%~ " -

10=e "*3 loglotﬁPﬂs) +16g10(2% b \06":(')( E

‘ B x =

Mo = x +3 \0Qo L%;: 'sz’(:-> 10910 L\UK'I% =

X =N = =L -

EX:\!\\O"S ‘ \0‘5\0( & 5 = \og‘OLx -

0G0 (= N

e -

(- sz ) secX -

Kex) sin X -

- 1) x _l— -

'-(29_3.———-—5(&)% -

SIN% “ : -

__________________________________________________________ = CcoSw CORX COSE:  pobx TARK =

[ Sin % 2OS% Sin -

.1: - ave s (2D -

__T\_’.) - % | lRﬂpomforquuﬂont‘(C)| - cos -

SN - = X =

\FZL\ 0= COS-\(J‘-an(‘ZK3) -

'S -

2.'—?'_“ gk cos (0) = Aon (Z2x) -

5 b= 4an (2% X=X B -

=2 3 o

. xoan "t (VD) = 2% = -

T 3T eax =

AE =T N =

Page 10 “ ...m“ :

Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box. Use a pencil or a pen with black or dark biue ink. Do NOT write your name. Do NOT write outside the box. :

0117837 EEE = EE EEE ‘ o

[ ] ® o0 i [ I e 0 o @ P— o0 ¢ o0 ™ T ™ .:




Sample 4C 1 of 2 Sample 4C 2 of 2
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Question 4: Symbolic Manipulations
Note: Student samples are quoted verbatim and may contain spelling and grammatical errors.
Overview

This question assesses facility with symbolic manipulation of exponential, logarithmic, trigonometric, and inverse
trigonometric functions. Symbolic manipulation is an important theme in the course framework.

e In Part A an exponential function and an inverse trigonometric function are given analytically. Each of
these functions is used in an equation that is to be solved, one in part (i) and the other in part (ii). In Part
A(i) a response should present the work and solution to an equation involving an exponential expression
(Skill 1.A, LO 2.13.A, EK 2.13.A.1). In Part A(ii) a response should present the work and solution to an
equation involving an inverse trigonometric expression (Skill 1.A, LO 3.10.A, EK 3.10.A.1).

e In Part B two functions are given—function j that involves several terms with logarithm base 10 and
function k that involves trigonometric expressions. A response should rewrite the expression for each
function in a specified way. In Part B(i) a response is to use rules of logarithms to rewrite j(x) so that its
expression involves only one term of the form log, (expression) (Skill 1.B,LO 2.12.A, EK 2.12.A.1,
EK 2.12.A.2). In Part B(ii) a response is to use trigonometric identities to rewrite k(x) so that its
expression has one term involving only tan x (Skill 1.B, LO 3.12.A, EK 3.12.A.1).

e In Part C a function involving the composition of an inverse trigonometric function and a trigonometric
function is given—specifically, m(x) = cos_l(tan(Zx)) . A response, showing the work leading to the
answer, is to determine all inputs to m that yield an output of 0 (Skill 1.A, LO 3.10.A, EK 3.10.A.1).
There are infinitely many such input values. The first point is earned for presenting one of the input
values, while the second point is earned for presenting the entire collection of input values.

Sample: 4A

Part A Point 1: 1
Part A Point 2: 1
Part B Point 1: 1
Part B Point 2: 1
Part C Point 1: 1
Part C Point 2: 1

Total Score: 6
Part A (i) (0-1 points): 1

The response earned the point for presenting the correct answer with supporting work. Line 3 is sufficient for
supporting work.

Part A (ii) (0-1 points): 1

The response earned the point for presenting the correct answer with supporting work. Line 4 is sufficient for

supporting work. The question requires knowledge of sin(%) = g (OR

1
Nk
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Question 4: Symbolic Manipulations (continued)
Part B (i) (0-1 points): 1
The response earned the point with a correct answer that is presented according to the instructions given and
bullet points 2 and 3 in the directions, together with supporting work. Line 2 is sufficient for supporting work.
Although use of parentheses around the log argument is encouraged, the absence of parentheses in line 3 does not
affect earning the point.

Part B (ii) (0-1 points): 1

The response earned the point with a correct answer together with supporting work. Line 2 is sufficient for
supporting work.

Part C (i) (0-1 points): 1

The response earned the point by declaring that x = % is among the answers, together with supporting work.

Part C (ii) (0-1 points): 1

The response earned the point for a correct answer. The “Vk € Z ” (or similar statement such as for any &, where
k is an integer) is not required.
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Question 4: Symbolic Manipulations (continued)

Sample: 4B

Part A Point1: 1
Part A Point 2: 1
Part B Point 1: 1
Part B Point 2: 1
Part C Point 1: 1
Part C Point 2: 0

Total Score: 5

Part A (i) (0-1 points): 1

The response earned the point by presenting the correct answer with supporting work.
Part A (ii) (0-1 points): 1

The response earned the point for presenting the correct answer with supporting work. If the response had omitted
one of lines 2 or 3 (but not both), there still would have been sufficient supporting work. The question requires

() 2 %2 or L
knowledge of sin (Z) = (OR il ).
Part B (i) (0-1 points): 1

The response earned the point for a correct answer that is presented according to the instructions and bullet points
2 and 3 in the directions, together with supporting work.

Part B (ii) (0-1 points): 1
The response earned the point for a correct answer with supporting work.

Part C (i) (0-1 points): 1
The response earned the point by including a solution of x = % with supporting work.

Part C (ii) (0-1 points): 0

3z

The response did not earn the point because it presents an incorrect value, x = 5 and does not present a general

solution.
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Question 4: Symbolic Manipulations (continued)

Sample: 4C

Part A Point1:1
Part A Point 2: 1
Part B Point 1: 0
Part B Point 2: 0
Part C Point 1: 1
Part C Point 2: 0

Total Score: 3

Part A (i) (0-1 points): 1

The response earned the point for presenting the correct answer with supporting work.

Part A (ii) (0-1 points): 1

The response earned the point for presenting the correct answer with supporting work. The question requires

ﬁ)zﬁ (OR

knowledge of sm( 7 -

1
Nk
Part B (i) (0-1 points): 0

The response did not earn the point because the final answer is incorrect. The first expression on line 2 is a correct
expression, but it was not correctly presented according to bullets 2 and 3 of the directions.

Part B (ii) (0-1 points): 0
The response did not earn the point because the answer in the final step is incorrect.
Part C (i) (0-1 points): 1

The response earned the point by declaring that x = % is one of the solutions together with supporting work.

Part C (ii) (0-1 points): 0

The response did not earn the point. No general solution is presented.
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