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1. On Earth, virtually all nitrogen atoms have a mass number of 14 or 15. The mass of a nitrogen atom will, on

average, be _________ times greater than the mass of a carbon-12 atom, the most abundant isotope of nitrogen

or _________.

(A) 1,17 ... 14N

(B) 1,17 ... 15N

(C) 14,01 ... 14N

(D) 14,01 ... 15N
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1. On Earth, virtually all nitrogen atoms have a mass number of 14 or 15. The mass of a nitrogen atom will, on

average, be _________ times greater than the mass of a carbon-12 atom, the most abundant isotope of nitrogen

or _________.

(A) 1,17 ... 14N

(B) 1,17 ... 15N

(C) 14,01 ... 14N

(D) 14,01 ... 15N

𝑁

𝐶
=
14.01

12.01
= 1.17



Ana Oliveira | Physics and Chemistry

4

2. What is the name of the represented compound, according to IUPAC nomenclature?

(A) 2-propyl-1-butene

(B) 2-propyl-1-butane

(C) 4-ethyl-4-pentane

(D) 2-ethyl-1-pentene
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2. What is the name of the represented compound, according to IUPAC nomenclature?

(A) 2-propyl-1-butene

(B) 2-propyl-1-butane

(C) 4-ethyl-4-pentane

(D) 2-ethyl-1-pentene

Resolution steps:

1) Identify the family of the organic compound

2) Identify the main chain

3) Name the compound

https://www.angelo.edu/faculty/kboudrea/organic/IUPAC_Handout.pdf

Learn more

https://www.angelo.edu/faculty/kboudrea/organic/IUPAC_Handout.pdf
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Important families of

ORGANIC COMPOUNDS

To know
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2. What is the name of the represented compound, according to IUPAC nomenclature?

(A) 2-propyl-1-butene

(B) 2-propyl-1-butane

(C) 4-ethyl-4-pentane

(D) 2-ethyl-1-pentene

Hydrocarbons "families“:

- Alkanes (single bond) CnH2n+2

- Alkenes (double bond) CnH2n

- Alkynes (triple bond) CnH2n-2

Main chain - highest number of carbons

Alkene family - ending in ene 

Alkane

Alkene

Alkyne
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3. A diprotic base (X(OH)2), existing in an aqueous solution, has a concentration of 2.05x10-3 mol L-1 at 25°C.

Assuming that the ionization of the base is complete, the pH of the base is:

(A) 2.4

(B) 3.0

(C) 11.0

(D) 11.6
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3. A diprotic base (X(OH)2), existing in an aqueous solution, has a concentration of 2.05x10-3 mol L-1 at 25°C.

Assuming that the ionization of the base is complete, the pH of the base is:

(A) 2.4

(B) 3.0

(C) 11.0

(D) 11.6

Resolution steps:

1) Write the equilibrium reaction: if ionization is complete, the reaction is

complete and, therefore, irreversible

2) Calculate OH- concentration: establish the relationship between the

concentration of OH-, [OH-], and the concentration of X(OH)2, [X(OH)2]

3) Calculate pOH

4) Calculate pH
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To know

𝑝𝑂𝐻 = −𝑙𝑜𝑔 𝑂𝐻− ⟺ 𝑂𝐻− = 10−𝑝𝑂𝐻

𝑎𝑡 25°𝐶: 𝑝𝐻 + 𝑝𝑂𝐻 = 14

𝑝𝐻 = −𝑙𝑜𝑔 𝐻+ ⟺ 𝐻+ = 10−𝑝𝐻

or

𝑝𝐻 = −𝑙𝑜𝑔 𝐻3𝑂
+ ⟺ 𝐻3𝑂

+ = 10−𝑝𝐻
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3. A diprotic base (X(OH)2), existing in an aqueous solution, has a concentration of 2.05x10-3 mol L-1 at 25°C.

Assuming that the ionization of the base is complete, the pH of the base is:

(A) 2.4

(B) 3.0

(C) 11.0

(D) 11.6

𝑂𝐻− = 2 × 𝑋 𝑂𝐻 2 = 2 × 2.05 × 10−3 = 4.1 × 10−3 𝑚𝑜𝑙 𝐿−1

𝑋 𝑂𝐻 2 𝑎𝑞 → 𝑋2+ 𝑎𝑞 + 2𝑂𝐻−(𝑎𝑞)

beginning:

equilibrium:

y 0 0

0 y 2 y

𝑝𝑂𝐻 = −𝑙𝑜𝑔 𝑂𝐻− = −𝑙𝑜𝑔 4.1 × 10−3 = 2.39

𝑝𝐻 + 𝑝𝑂𝐻 = 14 ⟺ 𝑝𝐻 + 2.39 = 14 ⟺ 𝑝𝐻 = 11.61

ionization is complete (strong base), the reaction is irreversible

stoichiometric coefficient



Ana Oliveira | Physics and Chemistry

12

4. Dimethylsulfoxide [(CH3)2SO] is an important solvent that penetrates the skin allowing its use as a delivery agent

for topical medications. What volume of dimethylsulfoxide is needed to prepare 250 mL of a 0.150 mol L-1 solution?

Consider the density of dimethylsulfoxide of 1.013 g mL-1 and the molar mass of 78 g mol-1.

(A) 𝑉 =
0.150mol/L×250mL×78g/mol

1000×1.013g/mL
𝑚𝐿

(B) 𝑉 =
0.150mol/L×250mL

1000x78g/mol×1.013g/mL
𝑚𝐿

(C) 𝑉 =
0.150mol/L×0.250L×1.013g/mL

78g/mol
𝐿

(D) 𝑉 =
0.150mol/L×0.250L

78g/mol×1.013g/mL
𝐿
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4. Dimethylsulfoxide [(CH3)2SO] is an important solvent that penetrates the skin allowing its use as a delivery agent

for topical medications. What volume of dimethylsulfoxide is needed to prepare 250 mL of a 0.150 mol L-1 solution?

Consider the density of dimethylsulfoxide of 1.013 g mL-1 and the molar mass of 78 g mol-1.

(A) 𝑉 =
0.150mol/L×250mL×78g/mol

1000×1.013g/mL
𝑚𝐿

(B) 𝑉 =
0.150mol/L×250mL

1000x78g/mol×1.013g/mL
𝑚𝐿

(C) 𝑉 =
0.150mol/L×0.250L×1.013g/mL

78g/mol
𝐿

(D) 𝑉 =
0.150mol/L×0.250L

78g/mol×1.013g/mL
𝐿

Resolution steps:

1) Calculate the number of moles - from the concentration

2) Calculate the mass - from the molar mass

3) Calculate the volume - from the density
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To know

𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑜𝑙 𝐿−1): 𝑋 =
𝑛

𝑉

𝑀𝑜𝑙𝑎𝑟 𝑚𝑎𝑠𝑠 (𝑔 𝑚𝑜𝑙−1): 𝑀 =
𝑚

𝑛

𝐷𝑒𝑛𝑠𝑖𝑡𝑦 𝑔 𝑐𝑚−3 : 𝜌 =
𝑚

𝑉

Learn more

https://chem.libretexts.org/Courses/Prince_Georges

_Community_College/CHEM_2000%3A_Chemistry

_for_Engineers_(Sinex)/Unit_4%3A_Nomenclature

_and_Reactions/Chapter_12%3A_Aqueous_Reacti

ons/Chapter_12.1%3A_Preparing_Solutions

https://chem.libretexts.org/Courses/Prince_Georges_Community_College/CHEM_2000%3A_Chemistry_for_Engineers_(Sinex)/Unit_4%3A_Nomenclature_and_Reactions/Chapter_12%3A_Aqueous_Reactions/Chapter_12.1%3A_Preparing_Solutions
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4. Dimethylsulfoxide [(CH3)2SO] is an important solvent that penetrates the skin allowing its use as a delivery agent

for topical medications. What volume of dimethylsulfoxide is needed to prepare 250 mL of a 0.150 mol L-1 solution?

Consider the density of dimethylsulfoxide of 1.013 g mL-1 and the molar mass of 78 g mol-1.

(A) 𝑉 =
0.150mol/L×250mL×78g/mol

1000×1.013g/mL
𝑚𝐿

(B) 𝑉 =
0.150mol/L×250mL

1000x78g/mol×1.013g/mL
𝑚𝐿

(C) 𝑉 =
0.150mol/L×0.250L×1.013g/mL

78g/mol
𝐿

(D) 𝑉 =
0.150mol/L×0.250L

78g/mol×1.013g/mL
𝐿

𝑉 = 250 𝑚𝐿 = 250 × 10−3 𝐿

𝐶𝐻3 2𝑆𝑂 = 0.150 𝑚𝑜𝑙 𝐿−1

𝑀 = 78 𝑔 𝑚𝑜𝑙−1

𝜌 = 1.013 𝑔 𝑚𝐿−1

Exercise data:

𝐶𝐻3 2𝑆𝑂 =
𝑛

𝑉
⟺𝒏 = 𝐶𝐻3 2𝑆𝑂 × 𝑉 = 0.150 × 250 × 10−3 =

0.150 × 250

1000
𝑚𝑜𝑙
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𝑀 =
𝑚

𝑛
⟺𝒎 = 𝑀 × 𝑛 = 78 ×

0.150 × 250

1000
𝑔

𝜌 =
𝑚

𝑉
⟺ 𝑽 =

𝑚

𝜌
=
78 ×

0.150 × 250
1000

1.013
=
78 × 0.150 × 250

1000 × 1.013
𝑚𝐿
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5. The formation of H2SO4 (aq) from SO2 (g) can be broadly translated by

In this reaction, sulfur:

(A) is reduced, and its oxidation number decreases.

(B) it oxidizes, and its oxidation number increases.

(C) it oxidizes, and its oxidation number decreases.

(D) is reduced, and its oxidation number increases.
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5. The formation of H2SO4 (aq) from SO2 (g) can be broadly translated by

In this reaction, sulfur:

(A) is reduced, and its oxidation number decreases.

(B) it oxidizes, and its oxidation number increases.

(C) it oxidizes, and its oxidation number decreases.

(D) is reduced, and its oxidation number increases.

Resolution steps:

1) Calculate the oxidation number (nox) of sulfur

2) Check the variation of nox and conclude about the oxidation or reduction of sulfur

https://www.youtube.com/watch?v=iSAwDJTLIKY

Learn more

https://www.youtube.com/watch?v=iSAwDJTLIKY
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5. The formation of H2SO4 (aq) from SO2 (g) can be broadly translated by

In this reaction, sulfur:

(A) is reduced, and its oxidation number decreases.

(B) it oxidizes, and its oxidation number increases.

(C) it oxidizes, and its oxidation number decreases.

(D) is reduced, and its oxidation number increases.

2𝑆𝑂2 𝑔 + 2𝐻2𝑂 𝑙 + 𝑂2 (𝑔) → 2𝐻2𝑆𝑂4 (𝑎𝑞)

𝑥 + −2 × 2 = 0

𝑥 = 4 → 𝑛𝑜𝑥 = +4
1 × 2 + 𝑥 + −2 × 4 = 0

𝑥 = 6 → 𝑛𝑜𝑥 = +6

nox increases, thus undergoes oxidation
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6. The Figure presents an image of the waves obtained in a wave trough, in a given experiment. The figure also

shows two points, A and B, on the surface of the water.

(A) 0.15 s.

(B) 0.20 s.

(C) 0.10 s.

(D) 0.05 s.

Assume that the wave generator is set to 5.0 Hz and that

the image is obtained at time t. How much time will

elapse, at least, between time t and a time when point A is

in a valley?
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To know

Learn more

https://www.youtube.com/watch?v=v3CvAW8BDHI

https://www.youtube.com/watch?v=v3CvAW8BDHI
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6. The Figure presents an image of the waves obtained in a wave trough, in a given experiment. The figure also

shows two points, A and B, on the surface of the water.

(A) 0.15 s.

(B) 0.20 s.

(C) 0.10 s.

(D) 0.05 s.

Assume that the wave generator is set to 5.0 Hz and that

the image is obtained at time t. How much time will

elapse, at least, between time t and a time when point A is

in a valley?

𝑓 =
1

𝑇
⇔ 𝑇 =

1

𝑓
=

1

5.0
= 0.2 𝑠

𝑓 = 5.0 𝐻𝑧 A

T = 0.2 s

T’

𝑻′ =
𝑻

𝟐
=
𝟎. 𝟐

𝟐
= 𝟎. 𝟏 𝒔
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7. Assume that, to carry out a titration of a solution of an acid, a 50 mL burette was first filled with a

standard solution of NaOH, the liquid level being checked with zero on the scale. The figure shows

the level of titrant in the burette at a given point in the titration.

Select the only option that displays the measurement result of the volume of titrant spent up to that

point in the titration.

(A) (18.60 ± 0.05) cm3

(B) (17.40 ± 0.05) cm3

(C) (17.4 ± 0.1) cm3

(D) (18.6 ± 0.1) cm3
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7. Assume that, to carry out a titration of a solution of an acid, a 50 mL burette was first filled with a

standard solution of NaOH, the liquid level being checked with zero on the scale. The figure shows

the level of titrant in the burette at a given point in the titration.

Select the only option that displays the measurement result of the volume of titrant spent up to that

point in the titration.

(A) (18.60 ± 0.05) cm3

(B) (17.40 ± 0.05) cm3

(C) (17.4 ± 0.1) cm3

(D) (18.6 ± 0.1) cm3

burette

scale = 0.1 mL = 0.1 cm3

17.4 mL = 17.4 cm3

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑠𝑐𝑎𝑙𝑒

2
=
0.1

2
= 0.05
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8. A basketball, B, and a volleyball, V, were launched vertically, from the bottom up, with the mass of ball B greater 

than the mass of ball V. The launches were repeated, changing the initial conditions.

Consider negligible air resistance and assume that the balls can be represented by their center of mass (material 

particle model).  

8.1. Consider the upward motion of the balls after the

release. Which of the options can represent, on the same

scale, the resultant of the forces acting on the basketball, Ԧ𝐹𝐵,

and the resultant of the forces acting on the volleyball, Ԧ𝐹𝑉?



Ana Oliveira | Physics and Chemistry

26

8. A basketball, B, and a volleyball, V, were launched vertically, from the bottom up, with the mass of ball B greater 

than the mass of ball V. The launches were repeated, changing the initial conditions.

Consider negligible air resistance and assume that the balls can be represented by their center of mass (material 

particle model).  

8.1. Consider the upward motion of the balls after the

release. Which of the options can represent, on the same

scale, the resultant of the forces acting on the basketball, Ԧ𝐹𝐵,

and the resultant of the forces acting on the volleyball, Ԧ𝐹𝑉?

mB > mA therefore FB > FA

Considering the upward motion of the balls, 

the force acting on the balls is gravity
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8.2. Consider the motion of the basketball from the instant immediately after the first collision with the ground to

the instant just before the second collision with the ground. Which of the following sketches of graph can

represent the mechanical energy, Em, of the basketball + Earth system, as a function of time, t, in the considered

motion?
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8.2. Consider the motion of the basketball from the instant immediately after the first collision with the ground to

the instant just before the second collision with the ground. Which of the following sketches of graph can

represent the mechanical energy, Em, of the basketball + Earth system, as a function of time, t, in the considered

motion?

Em of the system is constant with time
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9. Through single-glazed windows, energy is transferred between the outside and the inside of a house, in the form 

of heat, by conduction.

The living room of a house has a single-glazed window that looks out onto the house. The glass of this window, of 

thermal conductivity 0.8 Wm, measures 1.5 m high, 1.2 m wide and 5.0 mm thick.

Which of the following expressions allows you to calculate the energy transferred, in the form of heat, through the 

glass of this window, in each second, if the temperature difference between the outside of the house and the inside 

of the room is 10°C? 

(𝐀)   0.8 ×
1.5 × 1.2

5.00 × 10−3
× (10 + 273) J 

 

(𝐁)   0.8 ×
1.2 × 5.00 × 10−3

1.5
× (10 + 273) J 

 

(𝐂)   0.8 ×
1.5 × 1,2

5.00 × 10−3
× 10 J 

 

(𝐃)   0.8 ×
1.2 × 5.00 × 10−3

1.5
× 10 J 
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9. Through single-glazed windows, energy is transferred between the outside and the inside of a house, in the form 

of heat, by conduction.

The living room of a house has a single-glazed window that looks out onto the house. The glass of this window, of 

thermal conductivity 0.8 Wm, measures 1.5 m high, 1.2 m wide and 5.0 mm thick.

Which of the following expressions allows you to calculate the energy transferred, in the form of heat, through the 

glass of this window, in each second, if the temperature difference between the outside of the house and the inside 

of the room is 10°C? 

(𝐀)   0.8 ×
1.5 × 1.2

5.00 × 10−3
× (10 + 273) J 

 

(𝐁)   0.8 ×
1.2 × 5.00 × 10−3

1.5
× (10 + 273) J 

 

(𝐂)   0.8 ×
1.5 × 1,2

5.00 × 10−3
× 10 J 

 

(𝐃)   0.8 ×
1.2 × 5.00 × 10−3

1.5
× 10 J 

ℎ𝑖𝑔ℎ = 1.5 𝑚

𝑤𝑖𝑑𝑒 = 1.2 𝑚

𝑡ℎ𝑖𝑐𝑘 𝑙 = 5.0 𝑚𝑚 = 5.0 × 10−3 𝑚

𝑇 = 10°𝐶

Exercise data:

𝑘 = 0.8 𝑊𝑚
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𝑄

∆𝑡
= 𝑘 ∙

𝐴

𝑙
∙ ∆𝑇 ⟺

𝑄

∆𝑡
= 0.8 ×

1.5 × 1.2

5.00 × 10−3
× 10

Temporal rate of energy transfer in the form of heat, 

by conduction (the formula is in the form of the exam):

𝑄

∆𝑡
= 𝑘 ∙

𝐴

𝑙
∙ ∆𝑇

window

1.2 m

1.5 m

5.00 mm

𝐴 (𝑤𝑖𝑛𝑑𝑜𝑤 𝑎𝑟𝑒𝑎) = ℎ𝑖𝑔ℎ × 𝑤𝑖𝑑𝑒 = 1.5 × 1.2 𝑚2
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10. Iodine, I2 (g), reacts with hydrogen, H2 (g), in the gas phase to form hydrogen iodide, HI (g). The reaction can 

be translated as: 

In this reaction, the enthalpy change associated with the formation of 2 mol of HI (g) as a value of -9.2 kJ.

10.1. Consider that, at temperature T, a mixture of H2 (g) and I2

(g) in different concentrations was introduced into a reactor with

a capacity of 1.00 L, initially there being no HI (g) in the reactor.

The graph in the figure shows the evolution, over time, t, of the

concentrations, c, of the reactants.

Calculate the equilibrium constant, Kc, of the considered

reaction at temperature T.

Present all stages of resolution.
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Resolution steps:

1) Interpret the graph:

- identify the reactants (concentration decreases until equilibrium) and the products (initial concentration

is zero and increases until equilibrium)

- identify initial and equilibrium concentrations

2) Elaborate the balance sheet

3) Determine the amount of reactants that reacted

4) Determine the equilibrium concentrations of the products

5) Calculate the equilibrium constant (Kc)

Learn more

https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Chemistry_for_Allied_Health_(Soult)/08%3A_Properties

_of_Solutions/8.02%3A_Chemical_Equilibrium

https://www.youtube.com/watch?v=1GiZzCzmO5Q

https://chem.libretexts.org/Bookshelves/Introductory_Chemistry/Chemistry_for_Allied_Health_(Soult)/08%3A_Properties_of_Solutions/8.02%3A_Chemical_Equilibrium
https://www.youtube.com/watch?v=1GiZzCzmO5Q
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Equilibrium: concentration is constant with time

Beginning: initial

concentrations

At the beginning the

concentration of HI is

zero because tehe

reaction haven´t started
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𝐼2 𝑎𝑞 + 𝐻2 𝑎𝑞 ⇄ 2𝐻𝐼 (𝑎𝑞)

beginning:

reacted:

equilibrium:

x x

0.240 0.360 0

0.024 0.144 2 x

values from the graph

stoichiometric coefficient

what reacted:

𝑥 = 𝐼2 = 0.240 − 0.024 = 0.216 𝑚𝑜𝑙 𝐿−1

𝑥 = 𝐻2 = 0.360 − 0.144 = 0.216 𝑚𝑜𝑙 𝐿−1𝑥 = 𝐻2 = 0.360 − 0.144 = 0.216 𝑚𝑜𝑙 𝐿−1

equilibrium: 𝐻𝐼 𝑒𝑞 = 2𝑥 = 2 × 0.216 = 0.432 𝑚𝑜𝑙 𝐿−1



𝐾𝑐 =
𝐻𝐼 𝑒𝑞

2

𝐼2 𝑒𝑞 × 𝐻2 𝑒𝑞
=

0.432 2

0.024 × 0.144
= 54

𝐼2 𝑎𝑞 + 𝐻2 𝑎𝑞 ⇄ 2𝐻𝐼 (𝑎𝑞)

stoichiometric coefficient

Equilibrium constant (Kc):
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10.2. Conclude how the composition of the system will change if the temperature decreases at constant volume.

Present in a text the reasons for the requested conclusion.
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10.2. Conclude how the composition of the system will change if the temperature decreases at constant volume.

Present in a text the reasons for the requested conclusion.

Resolution steps:

1) Identify whether the reaction is exothermic (DH < 0 kJ) or endothermic (DH > 0 kJ)

2) Check the number of moles of reactants and products (just add the stoichiometric coefficients of reactants

and products)

3) Predict in which direction the system will evolve, according to the Principle of le Cahtelier

Learn more

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules

_(Physical_and_Theoretical_Chemistry)/Equilibria/Le_Chateliers_Principle

https://www.youtube.com/watch?v=XmgRRmxS3is

https://chem.libretexts.org/Bookshelves/Physical_and_Theoretical_Chemistry_Textbook_Maps/Supplemental_Modules_(Physical_and_Theoretical_Chemistry)/Equilibria/Le_Chateliers_Principle
https://www.youtube.com/watch?v=XmgRRmxS3is


Ana Oliveira | Physics and Chemistry

39

𝐼2 𝑎𝑞 + 𝐻2 𝑎𝑞 ⇄ 2𝐻𝐼 (𝑎𝑞) ∆𝐻 = −9.2 𝑘𝐽

∆𝐻 < 0 ⟹ 𝐸𝑥𝑜𝑡ℎ𝑒𝑟𝑚𝑖𝑐 𝑟𝑒𝑎𝑐𝑡𝑖𝑜𝑛

According to Le Chatelier's Principle the system will evolve in the direct direction of the reaction. 

Thus, the I2 and H2 concentrations will decrease and the HI concentration will increase.
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11. Hydrofluoric acid, HF (aq), is a weak acid whose ionization reaction in water can be translated as:

The pH of a 0.020 mol L-1 hydrofluoric acid solution is 2.45 at 25°C. calculate the percentage of unionized acid in 

this solution. Write the expression for the basicity constant, Kb, of the conjugate base of hydrofluoric acid.

Present all stages of resolution.
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11. Hydrofluoric acid, HF (aq), is a weak acid whose ionization reaction in water can be translated as:

The pH of a 0.020 mol L-1 hydrofluoric acid solution is 2.45 at 25°C. calculate the percentage of unionized acid in 

this solution. Write the expression for the basicity constant, Kb, of the conjugate base of hydrofluoric acid.

Present all stages of resolution.

Learn more

https://www.youtube.com/watch?v=pkqDTi2K-5g

https://www.youtube.com/watch?v=pkqDTi2K-5g
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𝐻𝐹 = 0.020 𝑚𝑜𝑙 𝐿−1

Exercise data:

𝑝𝐻 = 2.45

𝑝𝐻 = −𝑙𝑜𝑔 𝐻3𝑂
+ ⟺ 𝐻3𝑂

+ = 10−𝑝𝐻 = 10−2.45 = 0.0035 𝑚𝑜𝑙 𝐿−1

%𝑖𝑜𝑛𝑖𝑧𝑒𝑑 =
𝑟𝑒𝑎𝑐𝑡𝑒𝑑

𝑖𝑛𝑖𝑡𝑖𝑎𝑙
× 100 =

0.0035

0.020
× 100 = 17.74%

%𝑢𝑛𝑖𝑜𝑛𝑖𝑧𝑒𝑑 = 100 −%𝑖𝑜𝑛𝑖𝑧𝑒𝑑 = 100 − 17.74 = 82.26%
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𝐹− 𝑎𝑞 + 𝐻2𝑂 𝑙 ⇄ 𝐻𝐹 𝑎𝑞 + 𝑂𝐻−(𝑎𝑞)

ACID:

BASE:

𝐾𝑏 =
𝐻𝐹 × 𝑂𝐻−

𝐹−

𝐾𝑎 =
𝐹− × 𝐻3𝑂

+

𝐻𝐹

Attention: the concentration 

of water, in the liquid state, 

is never included in the 

equilibrium constant
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12. For an irradiance of 1000 W m-2 and at 25°C, a photovoltaic panel, with an area of 1.63 m2, provides maximum 

electrical power when the potential difference across its terminals as a value of 28.5 V and the electrical current is 

7.6 A.

Determine the maximum efficiency of the panel, under the considered conditions.

Present all the resolution steps, explaining all the calculations performed. 
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12. For an irradiance of 1000 W m-2 and at 25°C, a photovoltaic panel, with an area of 1.63 m2, provides maximum 

electrical power when the potential difference across its terminals as a value of 28.5 V and the electrical current is 

7.6 A.

Determine the maximum efficiency of the panel, under the considered conditions.

Present all the resolution steps, explaining all the calculations performed. 

Resolution steps:

1) Calculate the electrical power

2) Calculate the radiation power

3) Calculate efficiency

Learn more

https://www.youtube.com/watch?v=IxFIewx54Ok

https://www.youtube.com/watch?v=IxFIewx54Ok
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𝐸 = 1000 𝑊𝑚−2

𝑈 = 28.5 𝑉

𝐼 = 7.6 𝐴5

Exercise data:

𝐴 = 1.63 𝑚2

𝑃𝑒𝑙𝑒𝑡𝑟𝑖𝑐 = 𝑈 ∙ 𝐼 = 28.5 × 7.6 = 216.6 𝑊

𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛 = 𝐴 ∙ 𝐸 = 1.63 × 1000 = 1630𝑊

𝜂 =
𝑃𝑒𝑙𝑒𝑡𝑟𝑖𝑐
𝑃𝑟𝑎𝑑𝑖𝑎𝑡𝑖𝑜𝑛

× 100 =
216.6

1630
× 100 = 13.3%

Resolution:
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13. The figure (not to scale) represents a tennis ball that passes over the net of a tennis court with horizontal 

velocity, Ԧ𝑣, describing a parabolic trajectory until it hits the ground.

Assume that the air resistance force is negligible and assume that the ball can be represented by its center of 

mass (material particle model).

Consider the two-dimensional frame of reference shown in the figure. 

The ball passes over the net at 1.35 m from the ground and hits the ground at 9.0 m from the net, as shown in

the figure. Calculate the magnitude of the speed with which the ball hits the ground.

Present all stages of resolution.
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𝑦𝐹 = 0 𝑚

𝑥0 = 0 𝑚 𝑥𝐹 = 9 𝑚

Exercise data:

𝑦0 = 1.35 𝑚
Resolution:

1) Calculate the time

∆𝑦 = 𝑣0𝑦𝑡 −
1

2
𝑔𝑡2 ⇔ 𝑦𝐹 − 𝑦0 = 0 −

1

2
𝑔𝑡2

0 − 1.35 = 0 −
1

2
× 9.8 × 𝑡2 ⇔ 𝑡 =

1.35 × 2

9.8

𝑡 = 0.525 𝑠
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𝑦𝐹 = 0 𝑚

𝑥0 = 0 𝑚 𝑥𝐹 = 9 𝑚

Exercise data:

𝑦0 = 1.35 𝑚

Resolution:

2) Calculate the velocity in X

∆𝑥 = 𝑣0𝑥𝑡 +
1

2
𝑎𝑡2 ⇔ 𝑥𝐹 − 𝑥0 = 𝑣0𝑥𝑡 + 0

9 − 0 = 𝑣0𝑥 × 0.525 ⇔ 𝑣0𝑥 = 17.1 𝑚 𝑠−1

3) Calculate the velocity in Y

𝑣𝑦
2 = 𝑣0𝑦

2 − 2𝑔∆𝑦

𝑣𝑦
2 = 0 − 2 × 9.8 × 0 − 1.35

𝑣𝑦 = 5.14 𝑚 𝑠−1
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𝑦𝐹 = 0 𝑚

𝑥0 = 0 𝑚 𝑥𝐹 = 9 𝑚

Exercise data:

𝑦0 = 1.35 𝑚

Resolution:

4) Calculate the velocity

𝑣2 = 𝑣𝑥
2 + 𝑣𝑥

2

𝑣 = 17.12 + 5.142

𝑣 = 17.9 𝑚 𝑠−1


