Question ID d7bf5261

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: d7bf5261

y=-15
y=z>+8z+a
In the given system of equations, a is a positive constant. The system has exactly one distinct real solution. What is the value of a

?
ID: d7bf5261 Answer

Correct Answer: 14.5,29/2

Rationale

The correct answer is ?. According to the first equation in the given system, the value of y is -1.5. Substituting -1.5 for y in the
second equation in the given system yields -1.5 = x? + 8x + a. Adding 1.5 to both sides of this equation yields

0 = x? + 8x + a + 1.5. If the given system has exactly one distinct real solution, it follows that 0 = x? + 8x + a + 1.5 has exactly
one distinct real solution. A quadratic equation in the form 0 = px? + gx + r, where p, ¢, and r are constants, has exactly one
distinct real solution if and only if the discriminant, g% - 4pr, is equal to 0. The equation 0 = x?> + 8x + a + 1.5 is in this form, where
p=1,q=8 andr = a+ 1.5. Therefore, the discriminant of the equation 0 = x2 + 8x + a + 1.5 is 8% - 41a + 1.5, or 58 - 4a. Setting
the discriminant equal to 0 to solve for a yields 58 - 4a = 0. Adding 4a to both sides of this equation yields 58 = 4a. Dividing both
sides of this equation by 4 yields 54—8 =a,or ? = a. Therefore, if the given system of equations has exactly one distinct real
solution, the value of g is ?. Note that 29/2 and 14.5 are examples of ways to enter a correct answer.

Question Difficulty: Hard



Question ID b2fde9d3

Assessment Test Domain Skill
PSAT/NMSQT & Math Advanced Math Nonlinear equations
PSAT 10 in one variable and

systems of equations
in two variables

Difficulty

ID: b2fde9d3

224 y+7="7
2024+100—y =20
The solution to the given system of equations is (:l:, y) What is the value of 2?

ID: b2fde9d3 Answer

Correct Answer: -10

Rationale

The correct answer is -10. Adding y to both sides of the second equation in the given system yields 20x + 100 = y. Substituting
20x + 100 for y in the first equation in the given system yields x? + 20x + 100 + 7 = 7. Subtracting 7 from both sides of this

equation yields x? + 20x + 100 = 0. Factoring the left-hand side of this equation yields x + 10x + 10 = 0, or x + 10> = 0. Taking
the square root of both sides of this equation yields x + 10 = 0. Subtracting 10 from both sides of this equation yields x = - 10.

Therefore, the value of x is -10.

Question Difficulty: Hard




Question ID 8e481921

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 8481921

642 +bx +25=0
In the given equation, b is a constant. For which of the following values of b will the equation have more than one real solution?

A —91
B. —80
C.5

D. 40

ID: 8481921 Answer

Correct Answer: A

Rationale

Choice A is correct. A quadratic equation of the form ax? + bx + ¢ = 0, where a, b, and ¢ are constants, has either no real
solutions, exactly one real solution, or exactly two real solutions. That is, for the given equation to have more than one real
solution, it must have exactly two real solutions. When the value of the discriminant, or b? - 4ac, is greater than 0, the given
equation has exactly two real solutions. In the given equation, 64x? + bx + 25 = 0, a = 64 and ¢ = 25. Therefore, the given
equation has exactly two real solutions when b - 46425 > 0, or b* - 6,400 > 0. Adding 6,400 to both sides of this inequality yields

b > 6,400. Taking the square root of both sides of b* > 6,400 yields two possible inequalities: b < - 80 or b > 80. Of the choices,
only choice A satisfies b < - 80 or b > 80.

Choice B is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard



Question ID f11bc376

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: f11bc376

z? c

Vet | ol +39
In the given equation, ¢ is a positive constant. Which of the following is one of the solutions to the given equation?

A —c

B. —c? — 392

C. —/392 — c?
D. —v/¢2 + 392

ID: f11bc376 Answer

Correct Answer: D

Rationale

Choice D is correct. If x? - ¢ < 0, then neither side of the given equation is defined and there can be no solution. Therefore,

2 2 2 2 _ 2
x% - ¢® > 0. Subtracting \/% from both sides of the given equation yields \/% - \/% =39, or sz=ccz = 39. Squaring both

2

2 2 2. 2.2 .2 ) . . ;
sides of this equation yields jz_cz = 39%, or ——5—— = 39%. Since x* - ¢? is positive and, therefore, nonzero, the expression
Xc-c -
2.2 ) ) 22,2 2 ) 2 2
“— is defined and equivalent to 1. It follows that the equation "= = 39 can be rewritten as —5x2 - ¢2 = 39°, or

1x% - ¢2 = 392, which is equivalent to x2 - ¢2 = 392, Adding c? to both sides of this equation yields x2 = ¢2 + 392. Taking the square
root of both sides of this equation yields two solutions: x = v/ ¢2 + 392 and x = - Ve + 392. Therefore, of the given choices,
-/c2 + 397 is one of the solutions to the given equation.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard



Question ID 011b5078

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 011b5078

5(x+7)=15(x — 17)(z + 7)
What is the sum of the solutions to the given equation?

ID: 011b5078 Answer

Correct Answer: 10.33,31/3

Rationale

The correct answer is 33—1 Subtracting 5x + 7 from each side of the given equation yields 0 = 15x - 17x + 7 - 5x + 7. Since 5x + 7 is
a common factor of each of the terms on the right-hand side of this equation, it can be rewritten as 0 = 5x + 73x-17 - 1. This is
equivalentto 0 = 5x + 73x- 51 -1, or 0 = 5x + 73x - 52. Dividing both sides of this equation by 5 yields 0 = x + 73x - 52. Since a
product of two factors is equal to 0 if and only if at least one of the factors is 0, either x + 7 = 0 or 3x - 52 = 0. Subtracting 7 from
both sides of the equation x + 7 = 0 yields x = -7. Adding 52 to both sides of the equation 3x - 52 = 0 yields 3x = 52. Dividing
both sides of this equation by 3 yields x = % Therefore, the solutions to the given equation are -7 and 5?2 It follows that the sum
of the solutions to the given equation is -7 + % which is equivalent to % + % or 33—1 Note that 31/3 and 10.33 are examples of

ways to enter a correct answer.

Question Difficulty: Hard



Question ID 851220ef

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 851220ef

2 =2v/w+19

The given equation relates the distinct positive real numbers w, &, and y. Which equation correctly expresses w in terms of z and

y?

— z _
Aw=,/7 19
B.w=4/%2 —19

ID: 851220ef Answer

Correct Answer: C

Rationale

Choice C is correct. Dividing each side of the given equation by 2 yields

2w+ 19

=wr 2 or% = \/w + 19. Because it's given that

2

2
each of the variables is positive, squaring each side of this equation yields the equivalent equation § = w + 19. Subtracting 19

X

2 2
from each side of this equation yields % -19=w,orw = 5 19.

Choice A is incorrect. This equation isn't equivalent to the given equation.
Choice B is incorrect. This equation isn't equivalent to the given equation.

Choice D is incorrect. This equation isn't equivalent to the given equation.

Question Difficulty: Hard




Question ID 91d0c03d

Assessment Test Domain
PSAT/NMSQT & Math Advanced Math
PSAT 10

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 91d0c03d

24—2|+3|4—=2| =25
What is the positive solution to the given equation?

ID: 91d0c03d Answer

Correct Answer: 9

Rationale

The correct answer is 9. The given equation can be rewritten as 54 - x = 25. Dividing each side of this equation by 5 yields

4 - x = 5. By the definition of absolute value, if 4 - x = 5,then 4 - x = 5 or 4 - x = - 5. Subtracting 4 from each side of the equation
4 - x = 5yields -x = 1. Dividing each side of this equation by -1 yields x = - 1. Similarly, subtracting 4 from each side of the
equation 4 - x = - 5yields -x = - 9. Dividing each side of this equation by -1 yields x = 9. Therefore, since the two solutions to the

given equation are -1 and 9, the positive solution to the given equation is 9.

Question Difficulty: Hard




Question ID a781860c¢

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: a78f860c

22 —34x+c¢=0

In the given equation, ¢ is a constant. The equation has no real solutions if ¢ > m. What is the least possible value of n?

ID: a78f860c Answer

Correct Answer: 289

Rationale

The correct answer is 289. A quadratic equation of the form ax? + bx + ¢ = 0, where a, b, and ¢ are constants, has no real

solutions when the value of the discriminant, b - 4ac, is less than 0. In the given equation, x? -34x+c=0,a=1and b = - 34.
Therefore, the discriminant of the given equation can be expressed as -34% - 41c, or 1,156 - 4c. It follows that the given equation
has no real solutions when 1,156 - 4¢ < 0. Adding 4c to both sides of this inequality yields 1,156 < 4c. Dividing both sides of this
inequality by 4 yields 289 < c, or ¢ > 289. It's given that the equation x? - 34x + ¢ = 0 has no real solutions when ¢ > n. Therefore,

the least possible value of n is 289.

Question Difficulty: Hard




Question ID 84085710

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 840857f0

(d—30)(d+30) —7=—7

What is a solution to the given equation?

ID: 840857f0 Answer

Correct Answer: 30, -30

Rationale

The correct answer is either -30 or 30. Adding 7 to each side of the given equation yields d - 30d + 30 = 0. Since a product of two
factors is equal to 0 if and only if at least one of the factors is 0, either d - 30 = 0 or d + 30 = 0. Adding 30 to each side of the
equation d - 30 = 0 yields d = 30. Subtracting 30 from each side of the equation d + 30 = 0 yields d = - 30. Therefore, the
solutions to the given equation are -30 and 30. Note that -30 and 30 are examples of ways to enter a correct answer.

Question Difficulty: Hard




Question ID 54014ba0

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 54014ba0

If 322 — 18z — 15 = 0, what is the value of 2 — 6x?

ID: 54014ba0 Answer

Correct Answer: 5

Rationale

The correct answer is 5. Dividing each side of the given equation by 3 yields x? - 6x - 5 = 0. Adding 5 to each side of this equation

yields x? - 6x = 5. Therefore, if 3x2 - 18x - 15 = 0, the value of x? - 6x is 5.

Question Difficulty: Hard




Question ID fb399cf3

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and
systems of equations
in two variables
ID: fb399cf3
p=20+ ln—ﬁ

The given equation relates the numbers p and i, where m is not equal to 0 and p > 20. Which equation correctly expresses 1 in

terms of p?
An=22
B.n =4 420
Cn=+%-20
D.n=p£—“20

ID: fb399cf3 Answer

Correct Answer: D

Rationale

Choice D is correct. To express n in terms of p, the given equation must be solved for n. Subtracting 9 from both sides of the given
equation yieldsp-9 = 1—:. Since n is not equal to 0, multiplying both sides of this equation by n yields p - 9n = 14. It's given that

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.

Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard

p > 9, which means p - 9 is not equal to 0. Therefore, dividing both sides of p - 9n = 14 by p - 9 yields pom _ 1%

p-9

p-9'

orn = 1
=




Question ID a4baf8ba

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: adbaf8ba

3822 = 38(9)

What is the negative solution to the given equation?

ID: adbaf8ba Answer

Correct Answer: -3

Rationale

The correct answer is -3. Dividing both sides of the given equation by 38 yields x> = 9. Taking the square root of both sides of this
equation yields the solutions x = 3 and x = - 3. Therefore, the negative solution to the given equation is -3.

Question Difficulty: Hard




Question ID 39¢bb638

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 39cbb638

y=18
y=—3(z—18)>+15
If the given equations are graphed in the xy-plane, at how many points do the graphs of the equations intersect?

A. Exactly one
B. Exactly two
C. Infinitely many

D. Zero

ID: 39¢cbb638 Answer

Correct Answer: D

Rationale

Choice D is correct. A point x, y is a solution to a system of equations if it lies on the graphs of both equations in the xy-plane. In
other words, a solution to a system of equations is a point x, y at which the graphs intersect. It's given that the first equation is
y = 18. Substituting 18 for y in the second equation yields 18 = -3x - 18 + 15. Subtracting 15 from each side of this equation
yields 3 = -3x - 182 Dividing each side of this equation by -3 yields -1 = x - 18°. Since the square of a real number is at least 0,
this equation can't have any real solutions. Therefore, the graphs of the equations intersect at zero points.

Alternate approach: The graph of the second equation is a parabola that opens downward and has a vertex at 18, 15. Therefore,
the maximum value of this parabola occurs when y = 15. The graph of the first equation is a horizontal line at 18 on the y-axis, or
y = 18. Since 18 is greater than 15, or the horizontal line is above the vertex of the parabola, the graphs of these equations
intersect at zero points.

Choice A is incorrect. The graph of y = 15, not y = 18, and the graph of the second equation intersect at exactly one point.

Choice B is incorrect. The graph of any horizontal line such that the value of y is less than 15, not greater than 15, and the graph of
the second equation intersect at exactly two points.

Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard



Question ID bf9cecld

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: bf9cec0d

—z2+ bz —676=0

In the given equation, b is a positive integer. The equation has no real solution. What is the greatest possible value of b?

ID: bf9cec0d Answer

Correct Answer: 51

Rationale

The correct answer is 51. A quadratic equation of the form ax? + bx + ¢ = 0, where a, b, and c are constants, has no real solution if
and only if its discriminant, -4ac + b, is negative. In the given equation, a = - 1 and ¢ = - 676. Substituting -1 for a and -676 for ¢
in this expression yields a discriminant of b? - 4-1-676, or b* - 2,704. Since this value must be negative, b* - 2,704 < 0, or

b* < 2,704. Taking the positive square root of each side of this inequality yields b < 52. Since b is a positive integer, and the

greatest integer less than 52 is 51, the greatest possible value of b is 51.

Question Difficulty: Hard




Question ID a66d2c0f

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and
systems of equations
in two variables
ID: a66d2cOf
In the xy-plane, the graph of the equation y = —22 + 9z — 100 intersects the line Y = c at exactly one point. What is the value
of ¢?
481
A==
B. —100
319
C.—%
9
D.—3

ID: a66d2c0f Answer

Correct Answer: C

Rationale

Choice C is correct. In the xy-plane, the graph of the line y = c is a horizontal line that crosses the y-axis at y = ¢ and the graph of
the quadratic equation y = - x? + 9x - 100 is a parabola. A parabola can intersect a horizontal line at exactly one point only at its

vertex. Therefore, the value of ¢ should be equal to the y-coordinate of the vertex of the graph of the given equation. For a

quadratic equation in vertex form, y = ax - h* + k, the vertex of its graph in the xy-plane is h, k. The given quadratic equation,

. 9 92 92 2 .
y = -x%+ 9x-100, can be rewrittenas y = - x? - 2:x+5 +5 -100,0ry = -x-2 +-—. Thus, the value of c is equal to -
Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.

Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard

9 319

2

319




Question ID 1¢7fa590

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 1c7fa590
V(€ —2)? =3z +34

What is the smallest solution to the given equation?

ID: 1c7fa590 Answer

Correct Answer: -3

Rationale

The correct answer is -3. Squaring both sides of the given equation yields x - 22 = 3x + 34, which can be rewritten as
x? - 4x + 4 = 3x + 34. Subtracting 3x and 34 from both sides of this equation yields x? - 7x - 30 = 0. This quadratic equation can

be rewritten as x - 10x + 3 = 0. According to the zero product property, x - 10x + 3 equals zero when eitherx-10 =0orx + 3 = 0.
Solving each of these equations for x yields x = 10 or x = - 3. Therefore, the given equation has two solutions, 10 and -3. Of these
two solutions, -3 is the smallest solution to the given equation.

Question Difficulty: Hard




Question ID c1a53bc9

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: c1a53bc9

22 —40z—10=0

What is the sum of the solutions to the given equation?

A0
B.5
C.10
D. 40

ID: c1a53bc9 Answer

Correct Answer: D

Rationale

2
Choice D is correct. Adding 10 to each side of the given equation yields x? - 40x = 10. To complete the square, adding ? ,or 207,

to each side of this equation yields x? - 40x + 20% = 10 + 207, or x - 20° = 410. Taking the square root of each side of this

equation yields x - 20 = ++/410. Adding 20 to each side of this equation yields x = 20 + +/410. Therefore, the solutions to the
given equation are x = 20 + /410 and x = 20 - 4/410. The sum of these solutions is 20 + /410 + 20 - /410, or 40.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.

Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID e4c5e586

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: e4c5e586

572% + (57b+a)z 4+ ab=0

In the given equation, @ and b are positive constants. The product of the solutions to the given equation is kab, where k is a

constant. What is the value of k?

A.

B.

e~ =

C.

—

D. 57

ID: e4c5e586 Answer

Correct Answer: A

Rationale

Choice A is correct. The left-hand side of the given equation is the expression 57x? + 57b + ax + ab. Applying the distributive
property to this expression yields 57x? + 57bx + ax + ab. Since the first two terms of this expression have a common factor of
57x and the last two terms of this expression have a common factor of q, this expression can be rewritten as 57xx + b + ax + b.
Since the two terms of this expression have a common factor of x + b, it can be rewritten as x + b57x + a. Therefore, the given
equation can be rewritten as x + b57x + a = 0. By the zero product property, it follows that x + b = 0 or 57x + a = 0. Subtracting b

from both sides of the equation x + b = 0 yields x = - b. Subtracting a from both sides of the equation 57x + a = 0 yields

57x = - a. Dividing both sides of this equation by 57 yields x = % Therefore, the solutions to the given equation are -b and 5—“7 It

follows that the product of the solutions of the given equation is bé or :—?. It's given that the product of the solutions of the given
equation is kab. It follows that ‘51—5 = kab, which can also be written as abs—l7 = abk. It's given that a and b are positive constants.
Therefore, dividing both sides of the equation ab% = abk by ab yields % = k. Thus, the value of k is 5—17

Choice B is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID e8¢30041

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: e8¢c30041

w? +12w—40=0
Which of the following is a solution to the given equation?

A.6 —2+/19
B.2+/19
c.v/19

D. —6 +2v/19

ID: e8c30041 Answer

Correct Answer: D

Rationale

Choice D is correct. Adding 40 to both sides of the given equation yields w? + 12w = 40. To complete the square, adding %2, or 6°
, to both sides of this equation yields w? + 12w + 6% = 40 + 6%, or w + 6° = 76. Taking the square root of both sides of this
equation yields w + 6 = ++/76, orw + 6 = + 2+/19. Subtracting 6 from both sides of this equation yields w = - 6 + 24/19.
Therefore, the solutions to the given equation are -6 + 24/19 and -6 - 24/19. Of these two solutions, only -6 + 2/19 is given as a

choice.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.

Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID 90206d7a

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 90206d7a

z(z+1) — 56 =4z(z—7)
What is the sum of the solutions to the given equation?

ID: 90206d7a Answer

Correct Answer: 29/3, 9.666, 9.667

Rationale

The correct answer is ?. Applying the distributive property to the left-hand side of the given equation, xx + 1 - 56, yields

x? + x - 56. Applying the distributive property to the right-hand side of the given equation, 4xx - 7, yields 4x? - 28x. Thus, the
equation becomes x? + x - 56 = 4x? - 28x. Combining like terms on the left- and right-hand sides of this equation yields

0 = 4x? - x*> + -28x - x + 56, or 3x? - 29x + 56 = 0. For a quadratic equation in the form ax? + bx + ¢ = 0, where a, b, and c are

-b+ \/b2 -4ac

constants, the quadratic formula gives the solutions to the equation in the form x = —

. Substituting 3 for a, -29 for b, and

/ 2
56 for ¢ from the equation 3x% - 29x + 56 = 0 into the quadratic formula yields x = w, orx= 2—69 + 1—63. It follows that the
solutions to the given equation are ? + % and % - %. Adding these two solutions gives the sum of the solutions: % + % + % - 16—3,

which is equivalent to % + 2—69 or ? Note that 29/3, 9.666, and 9.667 are examples of ways to enter a correct answer.

Question Difficulty: Hard



Question ID 3665402

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 3665402

|z — 9| + 45 = 63

What is the sum of the solutions to the given equation?

ID: f3665402 Answer

Correct Answer: 18

Rationale

The correct answer is 18. Subtracting 45 from each side of the given equation yields x - 9 = 18. By the definition of absolute value,
if x-9=18,thenx-9=18o0rx-9 = -18. Adding 9 to each side of the equation x - 9 = 18 yields x = 27. Adding 9 to each side of
the equation x- 9 = - 18 yields x = - 9. Therefore, the solutions to the given equation are 27 and -9, and it follows that the sum of
the solutions to the given equation is 27 + -9, or 18.

Question Difficulty: Hard




Question ID 043afcfc

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 043afcfc

In the xy-plane, a line with equation 2y = ¢ for some constant ¢ intersects a parabola at exactly one point. If the parabola has
equationy = —2z2 + 9z, what is the value of ¢?

ID: 043afcfc Answer

Correct Answer: 20.25, 81/4

Rationale

The correct answer is 84—1. The given linear equation is 2y = c. Dividing both sides of this equation by 2 yields y = % Substituting %
for y in the equation of the parabola yields % = - 2x% 4+ 9x. Adding 2x? and -9x to both sides of this equation yields

2x%-9x + % = 0. Since it's given that the line and the parabola intersect at exactly one point, the equation 2x? - 9x + % = 0 must
have exactly one solution. An equation of the form Ax? + Bx + C = 0, where 4, B, and C are constants, has exactly one solution
when the discriminant, B - 4AC, is equal to 0. In the equation 2x? - 9x + g =0,whered=2,B= -9,andC = % the discriminant is
-9 - 422 Setting the discriminant equal to 0 yields -9” - 425 = 0, or 81 - 4c = 0. Adding 4c to both sides of this equation yields

81 = 4c. Dividing both sides of this equation by 4 yields ¢ = %. Note that 81/4 and 20.25 are examples of ways to enter a correct
answer.

Question Difficulty: Hard



Question ID b57aa354

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: b57aa354

In the zy-plane, a line with equation 2y = 4.5 intersects a parabola at exactly one point. If the parabola has equation
Y= —4z? + bz, where b is a positive constant, what is the value of b?

ID: b57aa354 Answer

Correct Answer: 6

Rationale

The correct answer is 6. It's given that a line with equation 2y = 4.5 intersects a parabola with equation y = - 4x? + bx, where b is
a positive constant, at exactly one point in the xy-plane. It follows that the system of equations consisting of 2y = 4.5 and

y = - 4x? + bx has exactly one solution. Dividing both sides of the equation of the line by 2 yields y = 2. 25. Substituting 2.25 for y
in the equation of the parabola yields 2.25 = - 4x? + bx. Adding 4x? and subtracting bx from both sides of this equation yields
4x? - bx + 2.25 = 0. A quadratic equation in the form of ax? + bx + ¢ = 0, where a, b, and c are constants, has exactly one solution
when the discriminant, b* - 4ac, is equal to zero. Substituting 4 for a and 2.25 for ¢ in the expression b* - 4ac and setting this
expression equal to 0 yields b? - 4 (4) (2 . 25) =0,0rb*-36 = 0. Adding 36 to each side of this equation yields b? = 36. Taking
the square root of each side of this equation yields b = =+ 6. It's given that b is positive, so the value of b is 6.

Question Difficulty: Hard



Question ID d3042402

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: d3042402

7z? — 20z — 32 =10

What is the positive solution to the given equation?

ID: d3042402 Answer

Correct Answer: 4

Rationale

The correct answer is 4. The left-hand side of the given equation can be factored as 7x + 8x - 4. Therefore, the given equation,
7x? - 20x - 32 = 0, can be written as 7x + 8x - 4 = 0. Applying the zero product property to this equation yields 7x + 8 = 0 and
x -4 = 0. Subtracting 8 from both sides of the equation 7x + 8 = 0 yields 7x = -8. Dividing both sides of this equation by 7 yields
x = -g. Adding 4 to both sides of the equation x - 4 = 0 yields x = 4. Therefore, the two solutions to the given equation,

7x%-20x-32 =0, are -g and 4. It follows that 4 is the positive solution to the given equation.

Question Difficulty: Hard




Question ID 50dfcb6a

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 50dfcb6a

z—29 = (z—a)(z—29)

Which of the following are solutions to the given equation, where a is a constant and @ > 307

l.a
lLa+1
1. 29
A.land Il only
B. I'and Il only
C. Il and Il only
D. 1,11, and llI

ID: 50dfcb6a Answer

Correct Answer: C

Rationale

Choice C is correct. Subtracting the expression x - 29 from both sides of the given equation yields 0 = x - ax - 29 - x - 29, which
can be rewritten as 0 = x - ax - 29 + -1x - 29. Since the two terms on the right-hand side of this equation have a common factor of
x-29,itcan berewrittenas 0 = x-29x-a+-1,0r0 =x-29x-a- 1. Since x - a- 1 is equivalent to x - a + 1, the equation
0 =x-29x-a-1canberewrittenas 0 = x - 29x - a + 1. By the zero product property, it follows that x-29 =0orx-a+1 = 0.
Adding 29 to both sides of the equation x - 29 = 0 yields x = 29. Adding a + 1 to both sides of the equation x - a + 1 = 0 yields

x = a + 1. Therefore, the two solutions to the given equation are 29 and a + 1. Thus, only a + 1 and 29, not a, are solutions to the

given equation.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID 7046a0da

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 7046a0da

z2 +y+10=10
8 +16—-y=0
The solution to the given system of equations is (:I:, y) What is the value of 2?

A. —16

B.—4
C.2
D.8

ID: 7046a0da Answer

Correct Answer: B

Rationale

Choice B is correct. Adding y to each side of the second equation in the given system of equations yields 8x + 16 = y.
Substituting 8x + 16 for y in the first equation yields x? + 8x + 16 + 10 = 10. Subtracting 10 from each side of this equation yields

x2 + 8x + 16 = 0. This equation can be rewritten as x + 4 = 0. Taking the square root of each side of this equation yields
x + 4 = 0. Subtracting 4 from each side of this equation yields x = -4. Therefore, the value of x is -4.

Choice A is incorrect. This is the value of y, not x.
Choice C is incorrect and may result from conceptual or calculation errors.

Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID 0ccd0652

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 0ccd0652

8z +y=—-11

2z% = y + 341
The graphs of the equations in the given system of equations intersect at the point (:I:, y) in the 2y-plane. What is a possible
value of x?

A —15
B.—11
C.2
D.8

ID: 0ccd0652 Answer

Correct Answer: A

Rationale

Choice A is correct. It's given that the graphs of the equations in the given system of equations intersect at the point x, y.
Therefore, this intersection point is a solution to the given system. The solution can be found by isolating y in each equation. The
given equation 8x + y = - 11 can be rewritten to isolate y by subtracting 8x from both sides of the equation, which gives

y = -8x-11. The given equation 2x?> = y + 341 can be rewritten to isolate y by subtracting 341 from both sides of the equation,
which gives 2x? - 341 = y. With each equation solved for y, the value of y from one equation can be substituted into the other,
which gives 2x? - 341 = - 8x - 11. Adding 8x and 11 to both sides of this equation results in 2x? + 8x - 330 = 0. Dividing both
sides of this equation by 2 results in x? + 4x - 165 = 0. This equation can be rewritten by factoring the left-hand side, which yields
x + 15x - 11 = 0. By the zero-product property, if x + 15x - 11 = 0, then x + 15 = 0, or x - 11 = 0. It follows that x = - 15, or x = 11.
Since only -15 is given as a choice, a possible value of x is -15.

Choice B is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard



Question ID 5b205ed2

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 5b205ed2

(x—1)*=—4
How many distinct real solutions does the given equation have?

A. Exactly one
B. Exactly two
C. Infinitely many

D. Zero

ID: 5b205ed2 Answer

Correct Answer: D

Rationale

Choice D is correct. Any quantity that is positive or negative in value has a positive value when squared. Therefore, the left-hand
side of the given equation is either positive or zero for any value of x. Since the right-hand side of the given equation is negative,
there is no value of x for which the given equation is true. Thus, the number of distinct real solutions for the given equation is zero.

Choices A, B, and C are incorrect and may result from conceptual errors.

Question Difficulty: Hard




Question ID 423265ec

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 423265ec

One solution to the given equation can be writtenas 1 + \/E where k is a constant. What is the value of k?

z2—-22—-9=0

A8

B. 10
C.20
D. 40

ID: 423265ec Answer

Correct Answer: B

Rationale

Choice B is correct. Adding 9 to each side of the given equation yields x? - 2x = 9. To complete the square, adding 1 to each side
of this equation yields x* - 2x+ 1 =9+ 1, 0r x - 1% = 10. Taking the square root of each side of this equation yields x-1 = ++/10.
Adding 1 to each side of this equation yields x = 1 4+ /10. Since it's given that one of the solutions to the equation can be written
as 1 + vk, the value of k must be 10.

Alternate approach: It's given that 1 + vk is a solution to the given equation. It follows that x = 1 + k. Substituting 1 + vk for x
in the given equation yields 1 + \/Ez -21++k-9=0,0r1++k1++k-21++k -9 = 0. Expanding the products on the left-hand
side of this equation yields 1 + 2v/k + k-2-2yk -9 = 0,0r k- 10 = 0. Adding 10 to each side of this equation yields k = 10.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard



Question ID 9cl4cee3

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 9c14cee3

z = 8a(b+9)
The given equation relates the positive numbers a, b, and . Which equation correctly expresses a in terms of band x?

Aa=§—(b+9)

B.a = ﬁ
C.a= _8(b;—9)
D.a = 8z(b+9)

ID: 9c14cee3 Answer

Correct Answer: B

Rationale

Choice B is correct. To express a in terms of b and x, the given equation can be rewritten such that a is isolated on one side of the
equation. Since it's given that b is a positive number, b + 9 is not equal to zero. Therefore, dividing both sides of the given equation
by 8b + 9 yields the equivalent equation sbxﬂ =gq,0ra= swa'

Choice A is incorrect. This equation is equivalenttox = 8a + b + 9.

Choice C is incorrect. This equation is equivalent to x = Sba+9.

a

Choice D is incorrect. This equation is equivalent to x = T

Question Difficulty: Hard



Question ID d7706113

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: d7706113

y=z+9
y =2+ 16z + 63
A solution to the given system of equations is (:I:, y) What is the greatest possible value of ?

A —6
B.7
C.9
D.63

ID: d7706113 Answer

Correct Answer: A

Rationale

Choice A is correct. It's given that y = x + 9 and y = x? + 16x + 63; therefore, it follows that x + 9 = x? + 16x + 63. This equation
can be rewritten as x + 9 = x + 9x + 7. Subtracting x + 9 from both sides of this equation yields 0 = x + 9x + 7 - x + 9. This
equation can be rewritten as 0 = x + 9x + 7 - 1, or 0 = x + 9x + 6. By the zero product property, x + 9 = 0 or x + 6 = 0. Subtracting
9 from both sides of the equation x + 9 = 0 yields x = - 9. Subtracting 6 from both sides of the equation x + 6 = 0 yields x = - 6.

Therefore, the given system of equations has solutions, x, y, that occur when x = -9 and x = - 6. Since -6 is greater than -9, the
greatest possible value of x is -6.

Choice B is incorrect. This is the negative of the greatest possible value of x when y = 0 for the second equation in the given
system of equations.

Choice C is incorrect. This is the value of y when x = 0 for the first equation in the given system of equations.
Choice D is incorrect. This is the value of y when x = 0 for the second equation in the given system of equations.

Question Difficulty: Hard



Question ID 3d8c1891

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 3d8c1891

ID: 3d8c1891 Answer

Correct Answer: -1

Rationale

—16z2 -8z +c=0
In the given equation, ¢ is a constant. The equation has exactly one solution. What is the value of ¢?

The correct answer is -1. A quadratic equation in the form ax? + bx + ¢ = 0, where qa, b, and c are constants, has exactly one
solution when its discriminant, b® - 4ac, is equal to 0. In the given equation, -16x*>-8x + c = 0,a = - 16 and b = - 8. Substituting
-16 for a and -8 for b in b” - 4ac yields -8” - 4-16¢, or 64 + 64c. Since the given equation has exactly one solution, 64 + 64c = 0.
Subtracting 64 from both sides of this equation yields 64c = - 64. Dividing both sides of this equation by 64 yields ¢ = - 1.
Therefore, the value of ¢ is -1.

Question Difficulty: Hard




Question ID 0ac483b4

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and
systems of equations
in two variables
ID: 0ac483b4
P=N(19-0)

The given equation relates the positive numbers P, N, and C. Which equation correctly expresses C'in terms of P and N?

A.C = 14F
B.C=1-F
c.C=19+%&
p.C=19- &

ID: 0ac483b4 Answer

Correct Answer: D

Rationale

Choice D is correct. It's given that the values of P, N, and C are positive. Therefore, dividing each side of the given equation by N
yields % = 19 - C. Subtracting 19 from each side of this equation yields g -19 = - C. Dividing each side of this equation by -1
yields 19- £ = C,or C=19- .

Choice A is incorrect. This equation is equivalentto P = NC-19,not P = N19 - C.

Choice B is incorrect. This equation is equivalentto P = 19- NC,not P = N19 - C.

Choice C is incorrect. This equation is equivalentto P = NC-19,not P = N19-C.

Question Difficulty: Hard




Question ID 64a7a257

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 64a7a257

In the given equation, k is a constant. The equation has exactly one real solution. What is the minimum possible value of 4k?

vVk—x=58 —=x

ID: 64a7a257 Answer

Correct Answer: 231

Rationale

The correct answer is 231. It's given that y/k - x = 58 - x. Squaring both sides of this equation yields k - x = (58 - Xy 2, which is
equivalent to the given equation if 58 - x > 0. It follows that if a solution to the equation k - x = (58 - XY 2 satisfies 58 - x > 0, then
it's also a solution to the given equation; if not, it's extraneous. The equation k - x = (58 - X 2 can be rewritten as

k- x = 3,364 - 116x + x%. Adding x to both sides of this equation yields k = x? - 115x + 3,364. Subtracting k from both sides of
this equation yields 0 = x? - 115x + (3,364 - k) . The number of solutions to a quadratic equation in the form 0 = ax? + bx + c,
where g, b, and ¢ are constants, can be determined by the value of the discriminant, b? - 4ac. Substituting -115 for b, 1 for a, and
3,364 - k for cin b” - 4ac yields ( -115y2-4(1) (3,364-k), or 4k - 231. The equation 0 = x? - 115x + (3,364 - k) has exactly
one real solution if the discriminant is equal to zero, or 4k - 231 = 0. Subtracting 231 from both sides of this equation yields

4k = 231. Dividing both sides of this equation by 4 yields k = 57.75. Therefore, if k = 57.75, then the equation

0=x%-115x + (3,364 - k) has exactly one real solution. Substituting 57.75 for k in this equation yields

0=x?-115x + (3,364 - 57.75), or 0 = x? - 115x + 3,306.25, which is equivalent to 0 = (x-57.5 ) 2. Taking the square root of
both sides of this equation yields 0 = x - 57.5. Adding 57.5 to both sides of this equation yields 57.5 = x. To check whether this
solution satisfies 58 - x > 0, the solution, 57.5, can be substituted for x in 58 - x > 0, which yields 58 - 57.5 > 0, or 0.5 > 0. Since
0.5 is greater than 0, it follows that if k = 57.75, or 4k = 231, then the given equation has exactly one real solution. If 4k < 231,
then the discriminant, 4k - 231, is negative and the given equation has no solutions. Therefore, the minimum possible value of 4k
is 231.

Question Difficulty: Hard



Question ID 1a4b397¢

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 1a4b397c

64z% — (16a + 4b)x + ab =0
In the given equation, @ and b are positive constants. The sum of the solutions to the given equation is k(4a + b), where k is a
constant. What is the value of k?

ID: 1a4b397c Answer

Correct Answer: .0625, 1/16

Rationale

The correct answer is 11—6. Let p and q represent the solutions to the given equation. Then, the given equation can be rewritten as
64x - px-q = 0, or 64x? - 64p + q + pq = 0. Since this equation is equivalent to the given equation, it follows that

-16a + 4b = - 64p + q. Dividing both sides of this equation by -64 yields 16“; = p+gq,or 11—64a + b = p + q. Therefore, the sum

of the solutions to the given equation, p + g, is equal to %4(1 + b. Since it's given that the sum of the solutions to the given

equation is k4a + b, where k is a constant, it follows that k = % Note that 1/16, .0625, 0.062, and 0.063 are examples of ways to

enter a correct answer.

Alternate approach: The given equation can be rewritten as 64x? - 44a + bx + ab = 0, where a and b are positive constants.
Dividing both sides of this equation by 4 yields 16x? - 4a + bx + %b = 0. The solutions for a quadratic equation in the form

-B++B%-44C

— and

Ax? + Bx + C = 0, where 4, B, and C are constants, can be calculated using the quadratic formula, x =

2
= %. It follows that the sum of the solutions to a quadratic equation in the form Ax?> + Bx + C = 0 is

-B++B?-4AC = -B-+/B”-4AC . . B+ - B ++B? - 4AC -VB% - 4AC L . -2B B .
\/ZA + \/ZA , Which can be rewritten as = , which is equivalent to —0 O -2 In the equation

16x% - 4a + bx + a?b =0,A=16,B= -4a+b,and C = %b. Substituting 16 for A and -4a + b for B in -~ yields -'4;“’

rewritten as 11—64a + b. Thus, the sum of the solutions to the given equation is 11—64a + b. Since it's given that the sum of the

1

solutions to the given equation is k4a + b, where k is a constant, it follows that k = TR

, which can be

Question Difficulty: Hard



Question ID dbb15274

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: dbb15274

—9z%2 +30z +c=0
In the given equation, ¢ is a constant. The equation has exactly one solution. What is the value of ¢?

A3

B.0
C.—25
D. —53

ID: dbb15274 Answer

Correct Answer: C

Rationale

Choice C is correct. It's given that the equation -9x? + 30x + ¢ = 0 has exactly one solution. A quadratic equation of the form

ax? + bx + ¢ = 0 has exactly one solution if and only if its discriminant, -4ac + b?, is equal to zero. It follows that for the given
equation, a = -9 and b = 30. Substituting -9 for a and 30 for b into b* - 4ac yields 30* - 4-9¢, or 900 + 36¢. Since the discriminant
must equal zero, 900 + 36¢ = 0. Subtracting 36¢ from both sides of this equation yields 900 = -36¢. Dividing each side of this
equation by -36 yields -25 = c. Therefore, the value of c is -25.

Choice A is incorrect. If the value of ¢ is 3, this would yield a discriminant that is greater than zero. Therefore, the given equation
would have two solutions, rather than exactly one solution.

Choice B is incorrect. If the value of c is 0, this would yield a discriminant that is greater than zero. Therefore, the given equation
would have two solutions, rather than exactly one solution.

Choice D is incorrect. If the value of ¢ is -53, this would yield a discriminant that is less than zero. Therefore, the given equation
would have no real solutions, rather than exactly one solution.

Question Difficulty: Hard



Question ID b30bb27f

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and
systems of equations
in two variables
ID: b30bb27f
P= g9

The given equation relates the distinct positive numbers p, k, and j. Which equation correctly expresses 45 + 9 in terms of p and

k?
Adj+9=1E
B.4j+9=kp

C.4j4+9=k—p

D.4j+9=2%

ID: b30bb27f Answer

Correct Answer: A

Rationale

Choice A is correct. To express 4j + 9 in terms of p and k, the given equation must be solved for 4j + 9. Since it's given that j is a
positive number, 4j + 9 is not equal to zero. Therefore, multiplying both sides of the given equation by 4j + 9 yields the equivalent
equation p4j + 9 = k. Since it's given that p is a positive number, p is not equal to zero. Therefore, dividing each side of the

equation p4j + 9 = k by p yields the equivalent equation 4j + 9 =

Choice B is incorrect. This equation is equivalent to p =

4 +9

Choice C is incorrect. This equation is equivalenttop = k- 4j - 9.

Choice D is incorrect. This equation is equivalent to p = k4j + 9.

Question Difficulty: Hard

k

P




Question ID 707185¢0

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 707185e0

The solutions to 2 + 6z + 7 = 0 are 7 and 8, where 7 < 8. The solutions to 2 + 8 + 8 = 0 are t and u, wheret < u. The
solutions to £2 + 14z + ¢ = 0, where cis a constant, are T + t and s + u. What is the value of ¢?

ID: 707185e0 Answer

Correct Answer: 31

Rationale

The correct answer is 31. Subtracting 7 from both sides of the equation x? + 6x + 7 = 0 yields x* + 6x = -7. To complete the

2
square, adding g , or 3%, to both sides of this equation yields x? + 6x + 3% = -7 + 3% or x + 3% = 2. Taking the square root of both
sides of this equation yields x + 3 = + /2. Subtracting 3 from both sides of this equation yields x = - 3 + /2. Therefore, the
solutions r and s to the equation x? + 6x + 7 = 0 are -3 -+/2 and -3 + 2. Since r < s, it follows thatr = -3-y2Z ands = -3 ++/2.

Subtracting 8 from both sides of the equation x* + 8x + 8 = 0 yields x? + 8x = -8. To complete the square, adding gz, or 4%, to
both sides of this equation yields x* + 8x + 4% = -84 4% orx + 4% =8. Taking the square root of both sides of this equation
yieldsx + 4 = ++/8,0r x + 4 = + 2+/2. Subtracting 4 from both sides of this equation yields x = - 4 + 2/2. Therefore, the
solutions t and u to the equation x? + 8x + 8 = 0 are -4 - 24/2 and -4 + 2y/2. Since t < v, it follows that t = -4 - 242 and

u = -4+ 2+/2. It's given that the solutions to x? + 14x + ¢ = 0, where c is a constant, are r + t and s + u. It follows that this
equation can be written as x - r + tx - s + u = 0, which is equivalentto x> - r + t + s + ux + r + ts + u = 0. Therefore, the value of ¢
is 7 + ts + u. Substituting -3 - /2 for r, -4 - 24/2 for ¢, -3 + /2 for s, and -4 + 2+/2 for u in this equation yields

-3-v2 +-4-2y2-3 42 + -4 + 24/2, which is equivalent to -7 - 34/2-7 + 3+/2, or -7-7 - 3/23+/2, which is equivalent to 49 - 18, or
31. Therefore, the value of cis 31.

Question Difficulty: Hard



Question ID 9a614311

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 92614311

y = 2z? — 21z + 64

y=3z+a

In the given system of equations, a is a constant. The graphs of the equations in the given system intersect at exactly one point,

(z,y), in the xy-plane. What is the value of z?

A -8
B. —6
C.6
D.8

ID: 92614311 Answer

Correct Answer: C

Rationale

Choice C is correct. It's given that the graphs of the equations in the given system intersect at exactly one point, x, y, in the xy-
plane. Therefore, x, y is the only solution to the given system of equations. The given system of equations can be solved by
subtracting the second equation, y = 3x + a, from the first equation, y = 2x? - 21x + 64. This yields y - y = 2x? - 21x + 64 - 3x + a,
or 0 = 2x? - 24x + 64 - a. Since the given system has only one solution, this equation has only one solution. A quadratic equation
in the form rx? + sx + t = 0, where r, s, and t are constants, has one solution if and only if the discriminant, s? - 4rt, is equal to
zero. Substituting 2 for r, -24 for s, and -a + 64 for t in the expression s? - 4rt yields -24* - 4264 - a. Setting this expression equal
to zero yields -24% - 4264 - a = 0, or 8a + 64 = 0. Subtracting 64 from both sides of this equation yields 8a = - 64. Dividing both
sides of this equation by 8 yields a = - 8. Substituting -8 for a in the equation 0 = 2x? - 24x + 64 - a yields 0 = 2x? - 24x + 64 + 8,
or 0 = 2x?% - 24x + 72. Factoring 2 from the right-hand side of this equation yields 0 = 2x? - 12x + 36. Dividing both sides of this
equation by 2 yields 0 = x? - 12x + 36, which is equivalentto 0 = x - 6x-6,0r 0 = x - 6°. Taking the square root of both sides of
this equation yields 0 = x - 6. Adding 6 to both sides of this equation yields x = 6.

Choice A is incorrect. This is the value of a, not x.
Choice B is incorrect and may result from conceptual or calculation errors.
Choice D is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID 5108645e¢

Assessment

PSAT/NMSQT &
PSAT 10

Test

Math

Domain

Advanced Math

Skill

Nonlinear equations
in one variable and
systems of equations
in two variables

Difficulty

ID: 5108645e

522+ 10z +16 =0

How many distinct real solutions does the given equation have?

A. Exactly one
B. Exactly two
C. Infinitely many

D. Zero

ID: 5108645e Answer

Correct Answer: D

Rationale

Choice D is correct. The number of solutions of a quadratic equation of the form ax? + bx + ¢ = 0, where q, b, and c are constants,

can be determined by the value of the discriminant, b? - 4ac. If the value of the discriminant is positive, then the quadratic

equation has exactly two distinct real solutions. If the value of the discriminant is equal to zero, then the quadratic equation has
exactly one real solution. If the value of the discriminant is negative, then the quadratic equation has zero real solutions. In the

given equation, 5x2 + 10x + 16 = 0,a = 5, b = 10, and ¢ = 16. Substituting these values for a, b, and c in b* - 4ac yields
10% - 4516, or -220. Since the value of its discriminant is negative, the given equation has zero real solutions. Therefore, the
number of distinct real solutions the given equation has is zero.

Choice A is incorrect and may result from conceptual or calculation errors.
Choice B is incorrect and may result from conceptual or calculation errors.
Choice C is incorrect and may result from conceptual or calculation errors.

Question Difficulty: Hard




Question ID 160f2a35

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 160f2a35

Which quadratic equation has no real solutions?

Ax+14z —49=0

B.z2—14z+49=0
C.5z2—142—49=0
D.5z2 — 14z +49 =0

ID: 160f2a35 Answer

Correct Answer: D

Rationale

Choice D is correct. The number of solutions to a quadratic equation in the form ax? + bx + ¢ = 0, where a, b, and c are constants,
can be determined by the value of the discriminant, b* - 4ac. If the value of the discriminant is greater than zero, then the quadratic
equation has two distinct real solutions. If the value of the discriminant is equal to zero, then the quadratic equation has exactly
one real solution. If the value of the discriminant is less than zero, then the quadratic equation has no real solutions. For the
quadratic equation in choice D, 5x? - 14x + 49 = 0,a = 5, b = - 14, and c = 49. Substituting 5 for a, -14 for b, and 49 for c in

b? - 4ac yields -14% - 4549, or -784. Since -784 is less than zero, it follows that the quadratic equation 5x? - 14x + 49 = 0 has no
real solutions.

Choice A is incorrect. The value of the discriminant for this quadratic equation is 392. Since 392 is greater than zero, it follows
that this quadratic equation has two real solutions.

Choice B is incorrect. The value of the discriminant for this quadratic equation is 0. Since zero is equal to zero, it follows that this
quadratic equation has exactly one real solution.

Choice C is incorrect. The value of the discriminant for this quadratic equation is 1,176. Since 1,176 is greater than zero, it follows
that this quadratic equation has two real solutions.

Question Difficulty: Hard



Question ID 46b433ae

Assessment Test Domain Skill Difficulty
PSAT/NMSQT & Math Advanced Math Nonlinear equations I S EE—
PSAT 10 in one variable and

systems of equations
in two variables

ID: 46b433ae

z(kz — 56) = —16
In the given equation, k is an integer constant. If the equation has no real solution, what is the least possible value of k?

ID: 46b433ae Answer

Correct Answer: 50

Rationale

The correct answer is 50. An equation of the form ax? + bx + ¢ = 0, where a, b, and c are constants, has no real solutions if and
only if its discriminant, b” - 4ac, is negative. Applying the distributive property to the left-hand side of the equation xkx - 56 = - 16
yields kx? - 56x = - 16. Adding 16 to each side of this equation yields kx? - 56x + 16 = 0. Substituting k for a, -56 for b, and 16 for
cin b? - 4ac yields a discriminant of -56° - 4k16, or 3,136 - 64k. If the given equation has no real solution, it follows that the value
of 3,136 - 64k must be negative. Therefore, 3,136 - 64k < 0. Adding 64k to both sides of this inequality yields 3,136 < 64k.
Dividing both sides of this inequality by 64 yields 49 < k, or k > 49. Since it's given that k is an integer, the least possible value of
kis 50.

Question Difficulty: Hard



