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Lucretius and the development of understandings of lightning and natural phenomena in the Roman World.

Abstract:
Explanations of natural phenomena have existed throughout civilisation. Roman explanations varied from mythological to philosophical and early science. These explanations each had their own different purposes. Mythology is used to explain the origins of the world and provide insight. Philosophical explanations asked questions about nature, human thought and the nature of the universe. Scientific explanations looked for physical causes of natural phenomena. Lightning is an example of natural phenomena that was explained using myth and logic by Lucretius and Cicero. Lucretius; writings what is now known as atomic physics whereas Cicero looks at what he classifies and artificial and natural divination. Comparing these ways of thought will give us an overview of how logic and science are used to explain the natural world and how myth and divination are no longer considered viable explanations. 
In this paper I will investigate Lucretius and Cicero’s explanations of natural phenomena and how phenomena such as lightning is created, including philosophical schools whom their ideas may be founded on. Through his writing we understand that Lucretius followed Epicurean philosophy and that Cicero had read his work. The school of thought was about understanding the nature of the universe to attain happiness, which appears to be an aim included in their writing. 



Introduction:
A lightning strike is a dramatic natural event that has always inspired questions and wonder. Ancient writers have written about lightning and other natural phenomena in an attempt to understand and explain them. It has been easy to dismiss ancient writings on scientific subjects because they are old and include religious and mythical explanations however, we must not underestimate the earliest scientific steps and their contributions to the foundations of our modern scientific understandings. 

Two ancient writers stand out as early scholars writing about natural phenomena, such as lightning. Lucretius was a possibly Roman born[footnoteRef:1] Epicurean poet in the late Roman period and is an important ancient scholar of Epicurean Physics.[footnoteRef:2] Lucretius wrote De Rerum Natura in the mid first century BC and it remains almost entirely intact.[footnoteRef:3] De Rerum Natura is unique in that it is an epic poem about atomic physics. Atomic physics is not typically associated with poetry and it creates a very interesting insight into literature and academia during 1st century BC Rome. Cicero was born in 106 BC and died in 43 BC.[footnoteRef:4] Cicero was well known for his orations and rhetoric.[footnoteRef:5] He studied, and was familiar with, the four schools of philosophy.[footnoteRef:6] He learned Epicureanism under Phaedrus, Stoicism under Diodorus and Academic philosophy under Philo of Larissa.[footnoteRef:7]  Cicero’s De Divinatione consists of two books written in 45 BC.[footnoteRef:8] The discussion described in the books take place at a country home in Tusculum and are mostly a dialogue between Cicero and his brother Quintus. This technique of presenting an argument through a dialogue is a fairly typical technique used by writers of rhetoric and philosophy. Cicero is an important scholar as his perspective can contrast that of Lucretius even though they had a similar philosophical education.  [1:  Merrill, 1907, p.14]  [2:  Sedley, 2018]  [3:  Sedley, 2018]  [4:  Stockton, 1988, p.2]  [5:  Blom, 2010, p.34]  [6:  Blom, 2010, p.33]  [7:  Blom, 2010, p.31]  [8:  Falconer, 1923, p.214] 


Both writers wrote about lightning and natural phenomena within the context of their work and these works were extremely different and had different purposes. The purpose of Lucretius’ work was didactic, and his views of lightning and natural phenomena fitted in with a broad world view that he was trying to share and enlighten others with. He was promoting the Epicurean philosophy, whilst Cicero was presenting a philosophy using a recognised conversational structure. Lightning is discussed in relation to the practical uses of divination within the Roman empire. Cicero, in his discussion about divination, brings in the phenomenon of lightning. What Cicero provides is a Roman perspective and philosophical evaluation of the argument about whether natural phenomena such as lightning can be explained by religious or mythological rationale. Though he writes after Lucretius and clearly studied his work he does not reject the traditional mythological explanations in favour of the epicurean view promoted by Lucretius. Cicero promotes the idea that lightning is an omen from the gods however, he does include certain specifics of lightning identified by Lucretius. These two ancient writers wrote about lightning and natural phenomena in a way that modern scientists would recognise which can be considered extraordinary. Their agendas are different from each other and different again from modern scientists however, it is interesting that these ideas appear and are continuously noted. For a long time, there have been translation issues in the western world.[footnoteRef:9]  The translations used here for De Rerum Natura and De Divinatione are Edwardian, from 1924 and 1923.[footnoteRef:10] The difficulties presented in the language, distances in time and the cultural divide could perhaps hinder our understanding of what landmark moments in the understanding of these phenomena happened in these ancient times.  [9:  Congrat-Butler, 1976, p.93]  [10:  Rouse, 1924; Falconer, 1923] 


This study aims to investigate the contributions made by Lucretius and Cicero into natural phenomenon such as lightning. It looks to identify their understandings and conclusions about such phenomena and to relate these to modern scientific explanations to see how significant their contribution was. How close to modern scientific explanations of lightning did early researchers get and is it possible for us to recognise their work as a contribution to our modern understandings in some way? 

Lucretius and Cicero made significant contributions to the study and understanding of lightning in a world devoid of the modern technology used by physicists today. They were able to provide descriptions and explanations of lightning that are strikingly similar to modern science. This study examines the work De Rerum Natura by Lucretius and Cicero’s De Divinatione.[footnoteRef:11] It compares their writings with modern scientific explanations and concludes with the discussion of the significance and contribution of their work to human knowledge about lightning and other forms of natural phenomena.  [11:  Rouse, 1924; Falconer, 1923] 





Section One:
When man’s life lay for all to see foully grovelling upon the ground, crushed beneath the weight of Superstition, which displayed her head from the regions of heaven, lowering over mortals with horrible aspect, a man of Greece was the first that dared to uplift mortal eyes against her, the first to make stand against her; for neither fables of the gods could quell him, nor thunderbolts, nor heaven with menacing roar, but all the more they goaded the eager courage of his soul, so that he should desire, first of all men, to shatter the confining bars of nature’s gates. Therefore the lively power of his. mind prevailed, and forth he marched far beyond the flaming walls of the world.
Lucretius De Rerum Natura 1.61-72

In this passage from DRN Lucretius eloquently explains how Epicurus, “a man of Greece”, was the first to challenge religious superstition and look for a true understanding of the world. Scholars debate whether Epicurus was actually the first to do this however, it is clear that Lucretius wanted to promote the ideas of his philosophical teacher.[footnoteRef:12] [12:  Edelstein, 1940, p.78] 

Lucretius’ prime motivation in the poem is to explain and understand the universe correctly in order to free people from anxiety resulting from a false belief in the gods and punishment in the afterlife. In doing so he includes a discussion about lightning. Lucretius uses De Rerum Natura to explain the nature of the world, including man’s place in it.[footnoteRef:13] Eckerman explains that an aim of De Rerum Natura was to educate people so as to relieve their fears of the unknown with the hopes that they would also be released from fear of the anger of the gods.[footnoteRef:14] According to Jope, Lucretius’ writings are based upon traditional Epicurean thought and criticisms.[footnoteRef:15]  [13:  Eckerman, 2013, p.787]  [14:  Eckerman, 2013, p.787]  [15:  Jope, 1985, p.250] 


Lucretius followed the Epicurean philosophy. Epicureanism is a philosophy that was founded in 4th to 3rd Centuries BC Greece by Epicurus.[footnoteRef:16] Sedley explains how Epicurus’ materialism allowed him to disprove life after death, and along with that the possibility of facing punishment after death from the displeasure of the gods.[footnoteRef:17] According to Wilson it was these ideas of materialism founded by Epicurus that started investigations which lead us towards conclusions made by modern science.[footnoteRef:18] Lucretius advocated an epicurean materialism that provided a more rational explanation of the natural world and evolutionary ideas of the development of the civilised world that was in opposition to traditional mythological and religious explanations. Lucretius was an enthusiastic supporter of the Epicurean philosophy and his De Rerum Natura promotes an Epicurean understanding of the world. The Epicurean school of thought attempts to explain the evolution of society into civilisation as a natural progression without “metaphysics and theology”.[footnoteRef:19]  [16:  Sedley, 2018]  [17:  Sedley, 2018]  [18:  Wilson, 2008, p.8]  [19:  Wilson, 2008, p.10] 


Epicurus held very complex ideas about the universe, and it was the job of those that followed him to decipher his views and present them to the world in a way that those who were not philosophically inclined would be able to understand. Epicureanism can be described as an evolution of thought and process on the universe through the use of physics and understandings of human nature.[footnoteRef:20] The doctrines of Epicurus were very well read in Rome and one of the most famous writers on his doctrines was Lucretius. Lucretius used the theoretical frameworks taught in the Epicurean school of philosophy in his writing De Rerum Natura.  [20:  Sedley, 2018] 


[bookmark: _Hlk8320954]Cicero having learned Epicurean philosophy during his education makes the decision not to use this school of thought when writing his philosophies and rhetoric. Cicero attempts to accommodate new ideas and theories within his own religious belief system. An explanation of lightning that Cicero gives us is that lightning was created by the gods and used as a punishment for mortals.[footnoteRef:21] In the beginning of book one of De Divinatione Cicero writes that his brother Quintus has divided divination into two types; artificial and natural.[footnoteRef:22] According to Quintus artificial divination is allied with art and natural divination is not.[footnoteRef:23] In this case art refers to divination which requires large amounts of interpretation and artistic licence such as studying entrails, he believes divination that is not allied with art is similar to that which comes directly from the gods through a human vessel. Quintus questioned that a nation would ignore prophecies or soothsayer as they were held in high esteem.[footnoteRef:24] Quintus believed that there was a power in observation of signs of divine interest.[footnoteRef:25] Cicero makes a comparison of augurs and soothsayers interpreting signs from the gods with scholars interpreting poetry.[footnoteRef:26] This is an interesting analogy because Cicero was both an augur and a scholar, does this comparison come from his understanding of both disciplines or is it an error? [21:  Cic. Div.1.12.19]  [22:  Scholfield, 1986, p.51; Cic. Div. 1.6.11]  [23:  Cic. Div. 1.18.34]  [24:  Cic. Div. 1.6.11]  [25:  Cic. Dic. 1.6.11]  [26:  Cic. Div. 1.18.34] 


Cicero was motivated by his own cynicism and a need to share his views with the world. Cicero has in essence rewritten the basics of Greek philosophy using the newer academic discipline and Roman history to back up his theories as it would make it more appealing to his Roman audience.  Cicero merges these ideas together to give voice to the idea that it is the respect that the people of Rome have for divination which has kept Rome thriving and without such it will collapse.[footnoteRef:27] This can be problematic as Quintus essentially calls observation a fools divination as it requires no connection or intervention with the gods, anybody could look at entrails and give out a prophecy but it does not make it true.[footnoteRef:28] Therefore, the blame of a false prophecy does not lie with the sign but rather the one responsible for interpreting it and their lack of skill.[footnoteRef:29] Cicero uses lightning as an example of the divinations on which his debate is based.  [27:  Schofield, 1986, p.53; Cic. Div. 1.95]  [28:  Cic. Div. 1.49.106]  [29:  Cic. Div. 1.52.118] 
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Section Two:
The mythological and religious beliefs of ancient Rome present a world view with which new Epicurean and philosophical explanations of natural phenomena must compete. Epicureans like Lucretius rejected traditional mythological explanations for natural phenomena and sought more rational explanations. Lucretius offers an Epicurean criticism of a Roman cult and the religious fears it can cause in humans. Within De Rerum Natura Lucretius writes on the cult of Cybele. He comments on the idea that people’s behaviour reflects their fear of the gods that is taught by religious cults.[footnoteRef:30] Lucretius believed that he had to reason with people rather than dictate to them as they do not always want to believe what is right in front of them, humans often choose ignorance out of fear. Jope believes that Lucretius’ assumption about the cult of Cybele were highly critical.[footnoteRef:31] Within the Epicurean school of thought it was believed that the fear of the unknown was used by religious cults to goad people into following their beliefs.[footnoteRef:32]  Lucretius promotes this view in his poem.  [30:  Jope, 1985, p.250]  [31:  Jope, 1985, p.251]  [32:  Jope, 1985, p.252] 


Lucretius questions the degree to which the gods were interested in and involved with human life. Throughout book five Lucretius discusses the weather, seasons, and the effect of these on the behaviour of animals. In doing so he is setting up an argument about the natural order of the world that he sees as unconnected to the whims and actions of the gods. “Lightnings, snow, rain, clouds, and winds come at fairly fixed seasons” (Luc., DRN, 5.675.) Lucretius draws attention to the natural patterns of the weather within the seasons. He goes on to discuss the moon in the same way, connecting the natural waxing and waning of the moon as a fixed phenomena within the fixed nature of the seasons and their associated weather patterns. “The moon is born at a fixed time and destroyed again at a fixed time, seeing that many things are produced at so fixed a time” (Luc, DRN, 5.748-50). Lucretius appeals to his readers with a rational common-sense argument and appeals to them to use the evidence of their own eyes. 

In the ancient world people commonly believed that all weather was controlled by the gods and that the weather was a reflection of the gods’ feelings; if a god was angry, they would send down lightning as a punishment and if not, humans would be graced with good weather.[footnoteRef:33] Evidence of the view that lightning was a message from the gods can be seen in the practice of burying statues that were struck by lightning. A Roman bronze statue of Heracles was found in 1864 buried with the remains of a lamb under a slab.[footnoteRef:34] Lucretius presents this view as a simple and almost easy explanation. “Their refuge was to leave all in the hands of the gods, and to suppose that by their nod all things were done” (Luc,. DRN. 5.5585-7). Lucretius is trying to say that there is nothing man can do about the behaviour of the gods other than accept it.  [33:  Rakov and Uman, 2003, p.1]  [34:  Museum, n.d.] 


It was a common belief in many cultures that the power of lightning was connected to divine action.[footnoteRef:35] Many religions dictate that places where lightning has struck possess religious properties and as a result, the creation of cult places.[footnoteRef:36] Lightning is still a religious omen today in some cultures and religions; it is mentioned five times in the Holy Quran and forty-six times in the Holy Bible.[footnoteRef:37] One of the many religious beliefs in Africa is that lightning is a god/goddess whereas in Greek, Roman and Scandinavian mythology lightning was viewed as a weapon used by the gods (Zeus, Jupiter, Thor).[footnoteRef:38] Typically, lightning was thought to mean either that Jupiter was angry or that he was sending a message. These signs were often interpreted in times of civil unrest as a deciding factor for whether going to war would be advisable. The divine nature of lightning was a widely held belief in Roman times and is still around today.[footnoteRef:39]  [35:  Gomes and Gomes, 2014, p.1793]  [36:  Gomes and Gomes, 2014, p.1793; Cic. Div. 1.10.16]  [37:  Gomes and Gomes, 2014, p.1793; Psalms 18:14; Qur’an 67:17]  [38:  Gomes and Gomes, 2014, p.1799; Daly, 2009, p.40]  [39:  Gomes and Gomes, 2014, p.1797] 


Lucretius places this belief in the intervention of the gods in human affairs as a recent development. Lucretius argues that before the emergence of human civilisation and the belief in gods, the weather and seasons were already in place and followed their own natural patterns. In effect, the weather preceded belief in the gods and therefore according to Lucretius, cannot be connected to any divine action. Book Five discusses the beginning of the world, astronomy, life and the beginning of civilisation. Lucretius states that one day the world will collapse, this is interesting as it was not for thousands of years that man was able to scientifically prove this as a possibility. The fifth book also includes a comparison that being struck by lightning is the same as the fall people take when they are at the height of their success, Lucretius uses the example of Tartarus as lightning typically hits the peak of a mountain and it works the same way with humans. “Tartarus; since envy, like the thunderbolt, usually scorches the summits and all those that are elevated above others” (Luc., DRN, 5.1127-8). Lucretius uses Tartarus to show how lightning can be used as an analogy for striking somebody down at the height of their success and in doing so shows how this is different to seeing lightning as a divine omen. Lucretius continuously adds typically well-known anecdotal explanations to his discussions, as a literary technique this would have been useful in his attempt to educate people and advance his theories in a society dedicated to religion. 
Lucretius speculated about the structure of lightning, proposing an atomic theory. Book one discusses the general principles that occur within the atomic system. Lucretius shows his understanding of the infinity of the universe by stating the effects of a universe with limits including the impossibility of creation as resources would deplete and the human race would be unable to continue. Lucretius explains his understanding of the universe as “the nature of space and the extent of the deep is so great that neither bright lightnings can traverse it in their course” (Luc., DRN, 1.1002). He was capable of understanding that the size of the universe is never-ending.  When discussing the principles of atomic theory Lucretius shows his understanding by discussing the polarisation of atoms and the destructive nature of this “these elements are at war together in many ways, and poison to one another” (Luc., DRN, 1.759). It is explained that atoms collide with one another and that these collisions are the beginnings of creation. He also talks about the power of lightning and that it can pass through houses much like sound. “For heaven’s thunderbolt passes through walled houses, as sound does and voices” (Luc., DRN, 1.489). It can be argued that this is in fact a discussion of the speed of light and the speed of sound.

Lucretius observed and investigated the properties of lightning. Book Two explores atomic theory in greater detail, including the properties of atoms. Lucretius explains the atomic structure of lightning, stating that it is made up of smaller particles than fire and water which is how it travels through so many different materials and is how it has such immense power “fire of lightning has a far more penetrating flow than our fire that arises from terrestrial torches” (Luc. DRN, 2.381). Man-made fire which is created from fuel, heat and oxygen is composed of elements with far greater densities than that of lighting which is how it possesses far greater power. To explain his theory of the structure of lightning Lucretius compares it to water and oil; water can pass into spaces that oil cannot as the particles in oil are much denser and it is therefore more viscous.[footnoteRef:40] Lucretius explains atoms using an analogy of olive oil which Eckerman explains was used as a base for perfume.[footnoteRef:41] Atoms form the base of the universe and “secondary characteristics” come after the same way that the scent is later added to olive oil to create perfume.[footnoteRef:42] Lucretius words are “the heavenly fire, is finer and made of smaller shapes, and therefore passes through openings through which this fire of ours, sprung from wood and made from a torch, cannot pass”(Luc., DRN, 2.384-6). Lucretius often uses analogies from real life to explain difficult ideas such as that of lightning passing through various materials.  [40:  Eckerman, 2013, p.789]  [41:  Eckerman, 2013, p.789]  [42:  Eckerman, 2013, p.789] 


Within physics numbers such as the speed of light within a vacuum have been considered a fundamental constant of nature.[footnoteRef:43] There is a plausibility that even if he did not know it Lucretius may have been theoretically discussing such matters. Lucretius in his theorising of such matters embodies the practices and mind-set of what we now call theoretical physicists. An atom can be defined as the smallest unit of matter without the release of electrically charged particles and contains the properties of chemical elements. In Epicurean physics a main concept is atomism, the ideas of spontaneous motion or ‘swerve’ of atoms.[footnoteRef:44] Within physics is the idea of how atoms move and theoretically without the notion of swerve, atomic collisions would not be possible and therefore creation impossible.[footnoteRef:45] Atomic collisions form the creation of all substances including our atmosphere that allows for the existence of life. Modern physicists still debate whether swerve exists.[footnoteRef:46] Mapstone along with other scholars give way to the ideas that swerve is one of the most fundamental concepts which Lucretius explains as making creation possible.[footnoteRef:47] Mapstone has suggested that Lucretius is in fact making a connection between atomic physics and cognitive psychology through comparing the swerve of an atom to the free will which humans possess.[footnoteRef:48]  [43:  Ellis and Uzan, 2005, p.2]  [44:  Wilson, 2008, p.41]  [45:  O’Keefe, 1996, p.305]  [46:  O’Keefe, 1996, p.306]  [47:  Mapstone, 2005, p.2; O’Keefe, 1996, p.310]  [48:  Mapstone, 2005, p.2] 


Lucretius identified that there is a connection between fire and lightning. In book six Lucretius discusses the causes of lightning.[footnoteRef:49] The most basic explanation is that “lightning is made from fire”.[footnoteRef:50] His evidence for this comes from the properties of fire, including the  markings left by fire, the smell of sulphur as well as lightning strikes that result in fire.[footnoteRef:51] This would have been a compelling explanation at the time as Lucretius uses commonly known evidence of lightning strikes. In book five there are two opposing explanations of a forest fire; the first being that it was caused by a lightning strike from heaven, the second that it was men who wanted to scare away enemies or take the land to be used as pasture. He writes “whether by some lightning stroke from heaven, or because men waging war in the forests had brought fire upon their foes to affright them, or because led by the richness of the soil they wished to clear the fat fields and make the place fit for pasturage”. Luc, DRN, 5.1243-7. Lucretius does not attribute the lightning strike to the gods but places the fire caused by such a strike together with two human made forms of fire and in doing so equates them as common place and easily explained.  [49:  Eckerman, 2013, p.791]  [50:  Eckerman, 2013, p.791]  [51:  Eckerman, 2013, p.791] 


Lucretius made the connection between thunderclouds and lightning. It is within book six that Lucretius begins this discussion.[footnoteRef:52] “Thunder occurs also when the burning force of lightning falls from a cloud upon a cloud: if this cloud chance to be soaked with water when it receives the fire.” (Luc., DRN, 6.145-8) Lucretius notes that thunderclouds and lightning are typically seen together and that there may be a correlation, similar to arguments made by Kasemir. [footnoteRef:53] [52:  Shea, 1977, p.136]  [53:  Kasemir, 1960, p.1873] 


Lucretius’ understanding of lightning included the idea that lightning is a permeating force that would be experienced completely throughout the entire being. Lucretius explains the body’s physical response to being struck by lightning, such as convulsions which would shake the soul within the body implying that those who have been struck by lightning then have an altered soul. Lucretius describes how a victim “…falls to the ground, foams at the mouth, groans and shudders,” (Luc., DRN, 3.487) His observations act as evidence for his understanding of lightning as a permeating force on the human body. 

Lucretius uses unusual literary techniques for a philosopher to create his arguments. In De Rerum Natura Lucretius serves as an allegorist, seeking to prove his hypothesis using ancient beliefs.[footnoteRef:54] Jope argues that for an allegorist, belief in their true understanding of a situation is imperative.[footnoteRef:55] According to Jope allegorists typically do not concern themselves with the historical accuracy of their writing.[footnoteRef:56] Comparatively, Lucretius can be thought as concerned with historical accuracy and his scientific understanding of natural phenomena is highly detailed, especially for his time period.[footnoteRef:57]  [54:  Jope, 1985, p.252]  [55:  Jope, 1985, p.253]  [56:  Jope, 1985, p.253]  [57:  Jope, 1985, p.256] 

In poetry allegory is a literary technique, Lucretius uses this technique to discredit and highlight errors within other poetic works.[footnoteRef:58] Within his allegories Lucretius often uses sarcasm, this is different to other allegorists whose tone is more sombre.[footnoteRef:59] This makes Lucretius different to both poets and Epicurean philosophers, Jope has suggested that these techniques should be called “pseudo-allegory”.[footnoteRef:60]  [58:  Jope, 1985, p.256]  [59:  Jope, 1985, p.256]  [60:  Jope, 1985, p.257] 


Shea has suggested that the descriptive language used by Lucretius when discussing scientific explanations of lightning is similar to accounts of King Aeolus in epics.[footnoteRef:61] This suggests that Lucretius uses epic literary traditions in an almost ironic way to explain something that is very distant from epic literary works. Shea has drawn parallels between the imagery used in Virgil’s Aeneid and Lucretius’ De Rerum Natura.[footnoteRef:62]  [61:  Shea, 1977. P.138]  [62:  Shea, 1977, p.138] 


The variety of techniques used by Lucretius is interesting, it shows his vast knowledge of philosophy and physics, beyond the typical knowledge of an educated elite. He uses references to mythology to serve his Epicurean purpose. Lucretius uses almost every technique in his attempt to educate and reason with his audience. 

Conclusion
Lucretius’ investigations into lightning and natural phenomena have contributed to our modern scientific understandings. Modern science explains that lightning is created when hot air meets cold air, as atoms crash into each other it creates the boom of thunder and the flash of lightning. 

Lucretius’ prime motivation was educating people about the nature of the world, to free them from fear and anxiety about the unknown. As a follower of Epicurus, Lucretius present his views of the world and spreads his message and knowledge. Lucretius refuted the divine explanation of natural phenomena, drawing attention to recurring patterns of the weather and seasons. Therefore, weather is not the random act of a god, but rather, a constant that comes with the time of year. Lucretius also comments on the idea that the power of lightning came from the gods. Lucretius argues that human belief in the gods and their interest in human life is a recent development that came with the creation of civilised societies. Within his writing Lucretius question how much involvement the gods had in human life.

Although Cicero was educated in Epicurean philosophy, he makes the decision not to use this school of thought when writing his own philosophical works. It was Cicero’s own cynicism that was the motivation behind De Divinatione. Both Lucretius and Cicero were writing in a time when religion was a key part of Roman society and their writings had to compete with religion and other philosophies. 
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