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1 Physical Necessity

𝑁𝑜𝑚𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝐵𝑜𝑢𝑛𝑑 (informal): Nothing is objectively possible beyond what is

physically possible.

𝑁𝑜𝑚𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝐵𝑟𝑖𝑑𝑔𝑒𝑠 (informal): The boundaries of objective possibility can be

characterized in terms of physical necessity.

𝑀𝑜𝑑𝑒𝑙−𝑊𝑜𝑟𝑙𝑑+: 𝑝 is physically possible at a world just in case 𝑝 is true according

to some world proposition associated with a model of the laws of nature.

𝑃𝑁 : A world 𝑣 is physically possible from a world 𝑤 if and only if every law of 𝑤 is true at 𝑣.

𝑃𝑁∗: A world 𝑣 is physically possible from a world 𝑤 if and only if every law of 𝑤

is a law at 𝑣.

𝑃𝑁†: A world 𝑣 is physically possible from a world 𝑤 if and only if 𝑣 has the exact

same laws as 𝑤.
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2 Formal Preliminaries

2.1 The core theory-Booleanism

𝑃𝐶: All instances of propositional tautologies.

𝑀𝑃: From 𝐴 and 𝐴→ 𝐵 infer 𝐵.

𝐺𝑒𝑛: From 𝐴→ 𝐵 infer 𝐴→ ∀𝜎𝑥𝐵 when 𝑥 does not occur free in 𝐴.

𝑈𝐼: ∀𝜎𝑥𝐴→ 𝐴[𝑡/𝑥](where 𝑡 : 𝜎 and is substitutable for 𝑥 in 𝜙).

𝛽𝜂: 𝐴↔ 𝐵 whenever 𝐴 : 𝑡 and 𝐵 : 𝑡 are 𝛽𝜂 equivalent.

𝑅𝐸 : 𝐴 =𝑡 𝐵, whenever 𝐴↔ 𝐵 is provable from these axioms and rules.

According to Booleanism, there is a unique tautologous proposition.

2.2 Necessities

Definition 1 (Weak Necessity) 𝑁𝑒𝑐− := 𝜆𝑋.𝑋⊤

Definition 2 (Necessity) 𝑁𝑒𝑐 := 𝜆𝑋∀𝑌 (𝑁𝑒𝑐−(𝑌 ) → 𝑌𝑋⊤)

Proposition 3 𝐿 := 𝜆𝑝.(⊤ = 𝑝) is a weak necessity.

Proposition 4 If 𝑋 is a necessity, then 𝑋⊤ = ⊤.

Proof Since 𝑁𝑒𝑐(𝑋), by definition we have ∀𝑌 (𝑁𝑒𝑐−(𝑌 ) → 𝑌𝑋⊤). It follows

that 𝐿𝑋⊤, which is 𝑋⊤ = ⊤. 2

Definition 5 (Broadness) 𝐵𝑟 := 𝜆𝑌𝜆𝑍∀𝑋 (𝑁𝑒𝑐(𝑋) → 𝑋∀𝑝(𝑌 𝑝 → 𝑍𝑝))
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2.3 Objective Necessities

Definition 6 (Kripke Necessity) 𝐾 := 𝜆𝑋 (𝑁𝑒𝑐(𝑋) ∧ ∀𝑌 (𝑂 (𝑌 ) → 𝑌∀𝑝∀𝑞(𝑋 (𝑝 →

𝑞) → 𝑋𝑝 → 𝑋𝑞)))

𝐾𝑟𝑖𝑝𝑘𝑒 ∀𝑋 (𝑂 (𝑋) → 𝐾 (𝑋))

𝑇𝑟𝑢𝑡ℎ 𝑂 (𝜆𝑝.𝑝)

𝐵𝑎𝑠𝑖𝑠 𝑂 (■)

𝐶𝑜𝑚𝑝𝑜𝑠𝑖𝑡𝑖𝑜𝑛: ∀𝑋∀𝑌 (𝑂 (𝑋) ∧𝑂 (𝑌 ) → 𝑂 (𝜆𝑝.𝑋𝑌 𝑝))

𝐶𝑜𝑛 𝑗𝑢𝑛𝑐𝑡𝑖𝑜𝑛: ∀𝑋∀𝑌 (𝑂 (𝑋) ∧𝑂 (𝑌 ) → 𝑂 (𝜆𝑝(𝑋𝑝 ∧ 𝑌 𝑝)))

Definition 7 (Iteration) 𝐼𝑡 := 𝜆𝑌1𝜆𝑌2∀𝑋 (𝑋𝜆𝑝.𝑝 → (∀𝑌3(𝑋𝑌3 → 𝑋𝜆𝑝.𝑌1𝑌3𝑝) →

𝑋𝑌2))

Definition 8 (Closure Operator) 𝐶𝑙 := 𝜆𝑌𝜆𝑝.∀𝑋 (𝐼𝑡 (𝑌 )𝑋 → 𝑋𝑝)

𝐶𝑙𝑜𝑠𝑢𝑟𝑒: ∀𝑋 (𝑂 (𝑋) → 𝑂 (𝐶𝑙 (𝑋)))

Let 𝐵𝑂 be the system which results from adding these principles to the core theory

and closing it under modus ponens, universal generalization, and the modest rule

that if 𝜙 ∈ 𝐵𝑂 then ∀𝑋 (𝑂 (𝑋) → 𝑋𝜙) ∈ 𝐵𝑂.

Definition 9 (Objective Broadness) 𝐵𝑟𝑂 := 𝜆𝑌𝜆𝑍∀𝑋 (𝑂 (𝑋) → 𝑋∀𝑝(𝑌 𝑝 → 𝑍𝑝))

Definition 10 (O-broadest objective) 𝐵𝑂𝑁𝑂 := 𝜆𝑌 (𝑂 (𝑌 ) ∧∀𝑋 (𝑂 (𝑋) → 𝐵𝑟𝑂 (𝑌, 𝑋)))

𝑁𝑜𝑚𝑜𝑙𝑜𝑔𝑖𝑐𝑎𝑙 𝐵𝑜𝑢𝑛𝑑 (formal) 𝐵𝑂𝑁𝑂 (■)

Proposition 11 ⊢𝐵𝑂 ¬∀𝑝(■𝑝 → ■■𝑝) → ¬𝐵𝑂𝑁𝑂 (■)
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3 BOA

𝐴𝑛𝑡𝑖 − 𝐼𝑠𝑜𝑙𝑎𝑡𝑖𝑜𝑛: ∀𝑋∀𝑌 (𝑂 (𝑋) ∧𝑂 (𝑌 ) → 𝑌∃𝑍∀𝑝(𝐼𝑡 (■)𝑍 ∧ (𝑍𝑝 → 𝑋𝑝)))

Let 𝐵𝑂𝐴 be the system which results from adding Anti-Isolation to 𝐵𝑂 and closing

it under modus ponens, universal generalization, and the modest rule that if 𝜙 ∈ 𝐵𝑂

then ∀𝑋 (𝑂 (𝑋) → 𝑋𝜙) ∈ 𝐵𝑂.

3.1 Modal Subtraction Argument

There is some physically possible world in which one of the actual laws fails to be

a law and, crucially, in which no other laws replace it. Therefore, a lawless world

is reachable from the actual world by chains of physical possibility.

Consider an 𝑋 -possible world 𝑤 (𝑋 is an arbitrary objective necessity). Since

from that lawless world, 𝑤 is physically possible, 𝑤 is also reachable from the

actual world by chains of physical possibility.

Proposition 12 ⊢𝐵𝑂𝐴 𝐵𝑂𝑁𝑂 (𝐶𝑙 (■))
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